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NT OFFICE. 
JOHN F. TOOMEY, OF NHW YORK, N. ¥., ASSIGNOR TO AMERICAN TELEPHONE AND 

TELEGRAPH COMPANY, A CORPORATION OF NEW YORK.: 

TELEPHONE-EACHANGEH SYSTEM. 

Application filed June 14, 1924. Serial No. 720,084, 

This invention relates to telephone ex- 
change systems and more particularly to cir- 
cuit ‘arrangements for enabling toll oper- 

ators to build up toll connections with anto- 
5 matic subscribers’ lines. 

The object t of this invention is te improve 
the operating cfliciency of, and effect eqaip- 
ment economies in, cizcuits of this character. 

‘A. feature of the invention resides in su p- 
10 plying the dialing current from the ope 

ator’s dialing circuit at the outgoing ond of 
the toll switching trunk and receiving and 
translating this current ag the distant or ma 
chine switching end of the trunk into the 

15 usual pulses for se stting. the swit tehes thereat 
whereby a normally “dry” (i.e, bat tiery 
free) trunk is secured, 

A more specific feature to the above re- 
sides in providing pulsing and cut-through 

20 equipment at the incoming .or nachine 
switching end of. the trunk circuit, which 
inchides a pulsing relay bridged across the 
trunk which is controlled by “the operator’s 
dialing battery and which, in turn, controls 

25 the pulsing relays of the atitomatic swi iches. 
Other features will appear her einafter. 
Refer ring to the drawings, Figure 1 shows 

a toll cord cireuit, an operator’ 8 telephone 
eireuit and associated dialing equipment. 

iv Wie. 2 ‘shows at the left of the broken 
line AA’ an outgoing trunk k circuit to a ma- 
chine switching ” office, between the broken 
lines AA’ and BB’ the pulse translating | 
equipment at the machine switching office, 

ai and to the right of the broken Hne BB’ an 
incoming’ selector. 

Fie. 3 shows’ a toll transmission selector 
and Fie. 4. shows a toll connector. 

Th weneral in the system of this invention 
“9 the toll operator” $ position is provided with 

a number of toll cords similar to that shown 
in Fig. 1 and with the telephone and dialing 
circuit also shown in Fig. 1 which is com- 
mon to all these toll cords. When the oper- 

45 ator desires to build up a toll connection she 
inserts plug 100 in the jack 200 of an idle 
outgoing toll switching trunk leading to the 
desired machine switching office and actu- 
ates the dialing key 107 of the tell cord 
taken for use. This key when operated com- 
pletes a circuit for relay 106 in the toll cord 
which was prepared by the operation of 
relay 103 when the plug was inserted in the 
jack 200. Relay 166, in operating, discon- 

03 nee ts the calling plug 100 from the remain- 

der of the cord circuit and connects the com- — 
mon dialing circuit shown in the upper halt 
of Fig. 1to ‘the calling plug. The operation of 
relay. 106 closes a circuit for relay 108 of the 
disling circtit which is completed through 
relay 202 (Wig. 2) at the machine switching 
office, both of which relays operate in series 
with ‘battery associated with the dial. Relay 
202 in operating connects a bridge including 
resistance 207. across the tip and ring con- 
ductors 226 and 230 leading to the incoming 
selector. shown to the right of the broken 
line BB’, thus starting its. operation pre- 
paratory to receiving the pulses.. Relay 108 
extends the ground supplied from the “tial: 
ing key to relay 115 thereby causing its op- 
eration, which in turn, Supplies ground to 
hold both itself and re elay 106 oper ‘ated in- 
dependent of the dial key 107 which can 
now be released. 
“When the dial 109° is moved off-normal 

relay 116 is operated, thns breaking the cir- 
cuié for relay 105 and preventing the prema- 
ture release of ‘the dial circuit: when relay 
108 releases as it follows the dial pulses. 
Relay 116 also furnishes ground to hold re- 
lay 115 operated until the dial returns to 
normal. 

As the dial returns to noxmal volay 202 
of. the pulsing circuit (Fig. 2) follows the 
pulses, thereby alternately making and 
breaking the bridge across the tip and ring 
conductors lending to the incoming selector, 
which selector is actuated in response to 
these pulses in the usual manner. Tf the 
paths sy or line busy is encountered. or 
if the called line is seized, ground is’ con- 
nected to the conductor 222, which causes 
the operation of the relay 208, which mo- 
mentarily opens the circuit for ‘relay 108 in 
the dialing circuit, which relay falls. off and 
closes a circuit for relay 105 which operates 
and removes battery from relay 106, thereby 
causing its release. The disconnection of 
the dial cireuit from the cord restores the 
continuity of the cord circuit. 

At the machine switching office when relay 
208 operated and relay 202 released, the 
bridge across the conductors 226 and 2380 
leading to the incoming selector. was opened 
at the alternate contacts of relay 202, but 
this bridge was closed when relay 208 oper- 
ated so that the selector was not affected. 
Relay 208 in operating also closes a circuit 
for relay 217 which relay, in operating, 
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caused ‘rélay ‘208 'to operate. ‘When relay 
203 operated it locked up to ‘the connector 
222 and at the same time opened the ener- 
gizing circuit for relay 208, thereby allow- - 
ing it to release, When: relay 208 operated 
it disconnected the pulsing relay 202 and 
extended the tip and ring conductors of the 
trunk through to the incoming selector, and. 
a supervisory signal ‘will ‘thereafter come 
back over the tip and ring conductors of the 
trunk to operate the calling supervisory re- 
day 118 and calling supervisory lamp 119 
associated with the cord circuit in the usual 
manner. 

Having described ina brief way the oper- 
ation of the system embodying the present 
invention,-a more detailed description will 
now be given. The toll operator ‘having re- 
ceived the number of ‘the desired station 
from the recording operator-or in any other 
suitable manner touches the ‘tip of her plus 
100, to the sleeve of jack 200 -to select : 
idle trunk ‘leading to the machine. switehing 
office in which the desired line terminates 
and if it is idle inserts the plug in the jack 
of such idle trunk. A busy condition of the 
line is indicated ‘by battery on the sleeve of 
the jack 200. »vhich produces a click in the 
receiver 150 of the operator’s head set in 
the following manner: battery from the 
sleeve of the jack 200 over the tip of the 
plug 100 and upper normal contacts of re- 
lays 106 and 103 charges the condenser 151 
which discharges to ground through the 
left-hand winding of repeating coil 152. 
This causes an induced current to flow in 
the right-hand winding of coil 152 and 2 
consequent click in the. recelver 150 due to 
the fact that. the receiver winding is ‘ner- 
mally connected ‘across the terminals of this 
coil winding. 

Insertion of the plug 100 in an idle jack 
200. completes an. obvious circuit for the 
energization of relay 101. Relay 101 in 
operating closes.an obvious circuit to oper- 
ate relay 103 which:relay at-its lower alter- 
nate contact 104:prepares a circuit for relay 
106 which is operated as soon as dial Icey 
107 is operated. Relay 106 in operating 
connects the tip and:ring conductors of the 
cord through tothe dialing circuit thereby 
causing the operation of relay 108 in the 
dialing cireuit-and relay 202 in the. pulsing 
clr cuit. at the distant machine switching of- 
fice. ‘This circuit may be traced from “bat- 
tery through -resistance 117, pulsing contact 
109 of the dial ‘110, winding of relay 108. 
contacts 111 of relay 106, ring contacts of 
the plug 100 and jack 200, contacts 204 of 
relay 203, contacts 205 of relay 208, winding 
of -relay - 202, contacts 206 of relay 208, tip 
contacts of jack 200 and plug 109, contacts 
112 of relay 106, ‘to eround, Relay 202 in 
sper: ating bridge vesistance 207 across the 
tip and ing conductors of the trunk extend- 

‘grounded battery, 
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ing to ‘the first or toll selector, which is 
shown at the right of line BB’ ‘of Fig. 2, 
thereby causing relay 209 to operate to pre- 
pare this selector for the reception of in- 
pulses. Relay 108 in operating extends the 
ground received from the dial key 107 to 
the: winding of.relay 115, thereby causing its 
operation. This circuit can be traced from 

winding of relay 115. 
alternate contact’ 114 of relay 108, alternate 
contacts ‘118 of relay 106 and to ground at 
the lower contact of dial key 107. Relay 
115 in operating supplies ground for itself 
at its right- hand alternate contact and also 
for relay 106 thereby making ‘these relays 
independent of the dial key 107. The o per- 
ator now turns the dial 110 to the first dlivit 
of the wanted number. ‘When the dial ‘is 
moved off normal, relay 116 operates in an 
obvious circuit thereby breaking the circuit 
for relay 105 and preventing the premature 
release of the dial circuit when relay D re- 
leases and closes its alternate contact follow- 
ing the dial-pulses. Relay 116 in operating 
also supplies ground at its left-hand alter- 
nate contact to hold relay 115 operated until 
the dial returns. to normal. 

is the dial 110 returns to normal relay 
202 of the pulsing circuit (Fig. 2) is released 
and ener: eized in accordance with the open- 
ing and “closing of the dial contacts 109 
thereby altern ately opening and closing the 
bridge consisting of resistance 207 across 
the tip and ring conductors of the trunk 
eading to the first -selector. The ‘first 
weleot circuit shown at the right of line 
BB’ in Fig. 2 functions in. the well known 
manner as degeribed in Patent 1.377,225, 
issued May 10, 1921 to A. J. Seynioun and 
its operation Will therefore not be described 
in detail, it being sufficient to mention that 
as the dial returns ‘to normal the vertical 
or primary magnet PM of the selector re- 
ceives impulses from the impulse relay 209 

2 the well known manner and raises the 
selector brushes 218, 219, 220, 221 to the 
desired level after which the rotary or sec- 
ondary magnet SM is energized and causcs 
the brushes to hunt for an idle trunk lead- 
ing to the toll transmission selector (Fig. 3). 
In the case of the first selector finding all 
the trunks busy in the selected group lead 
ing to the toll transmission sélector Fig. 3, 
switch 210 will be operated on the eleventh 
votary step of the selector thus closing an 
obvious energizing circuit for relay ali 
which upon operating connects ground at 
its uppermost contact to the Iead.222, there- 
by causing the operation of relay 208, 2 
cireuit for which can be traced from 
grounded battery through the winding of 
his relay, contacts 212 of relay 203 and to 
wround at the uppermost contact of relay 
ON. Relay 208 in operating opens at con- 
tacts 205 the circuit for relay 108 in the 
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dialing circuit which relay then releases and 
closes at its alternate contact the cirevit 
for the energization of velay 105 which cir- 
euit can be “Hraced from battew. left and 

we relay Li altermate contact of slow-to-relea 
right-hand winding of relay 108, ight 
hand normal contact of relay 11 16, (his 

normal 
normal 

relay being veleased due to the 
vondition of the dial at this (ine) 
contact of relay 108 and to ground at the 
right-hand alternate contact of velay 15, 
Relay 105 in operating opens. abt tts right- 
hand normal con act the energizing circuit 
for relay 106 which relay now releases there- 
by disconnecting the dialing circuit from the 
vor and restoring the cord to normal. 

Relay O11, in operating, also reverses and 
rednces the current stippled to the trunk 
from relay 200, and at the same time con- 
nects grounded interrupter 224 through. re- 
Jay 223 to battery, thereby causing this rela Ly 
to alternately open and close contacts 225 
at-the vate of 69 interruptions per minute. 
When velay 208 operated, it id 

Bavay 

closed its 
rieht alkernate contactswwhich prevented the 
crunk bridge from being Oper when (con- 
tacts 205 were broken. Relay 908. in eper- 
ating, also supplied ground at its outer lett 
alternate contacts to prepare an energizine 
eivenit, for relay 217 under contvol of the 
alternately operating relay 223, which cir- 
cuit can be traced from ground through 
left contacts of relay 208 winding of re- 
Jay 217, normal contac s of rela RY 202, tip 
conductor 296 of the ivan, contacts 227 of 
relay 218, contacts 228 of relay 211, resist- 
anee 229, cor tacts 225 of relay 223 and upper 
winding of relay 209 to grounded battery. 

On the first clostive of contacts 295, relay 
217 operates aud closes an obvious energiz- 
Ing clrew.t for relay 208, which relay. oper- 
ates and locks to ground supplied in the 
uppermost contacts of relay 211 over the 
conduct or 229, 

Relay 208, in operating, discounects the 
pi ulging relay 202 from the tin ak and opens 
the cnergizing cireuit for. relay 208, which 
relay now releases and removes the bridge 
including resistance 207 from across the 
conductors 226 and 230. 

‘The trunk is now cut through to the first 
selector and receives the intern upted, re- 
versed and reduced current which is trans- 
mitted to the cord circuit, where it cause 
the alternate operation of the bridged super- 
visory relay 118 in the well known n anner; 
which supervisory relay causes supervisory 
lamp 119 to flash in step with interrupter 
224. to indicate to the operator. that a busy 
tronk grou p has been encountered and Tat 
it will be futile to continne diahng, where e- 
upon the plug is withdrawa and the circui 
at once restores to normal. It, however, the 
first selectov (Fig. 2). finds idle trunk, 
relay 213 operates and cuts off- the bridge 5 
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contai ning the impulse relay 209 and extends 
th, the teunkk conductors through to the toll 
transmission selector (Tig. 3) whereupon 
the linpuise relay 305 operates in the follow- 
ae circuit: battery, lower winding of re- 
Tay 808, contacts 306, of relay 307, contacis 
808 of relay 899, con ts 310 of relay Bhi, 
lower left-hand winding of repe ating coll 
° 12, ring conductor of the trai nk, brush 219 
ontacts 215 of relay 218, conductor 
vis we 207; alternate contacts of relay 202, 
conductor contacts 214 of relay 215, 
brush 218, upper left-hand winding of re- 
peating coil 812, and to ground at contacts 
BIB of velay 311. 

Relay 805 operates in the before traced 
circuit and in attracting its lowermost ¢ 
mature closes an obvious « energizing circuit 
for slow-to-release relay 314. ‘Relay : d14 in 
energizing connects ground at its outer left- 
hand alternate contact over conductor { 315 to 
cause this trunk to test busy in the well 
known manner. 

‘The second operation of the dial causes 
relay 805 to transmit impulses over the fol- 
lowing circuit to the vertical magnet 316, 
eround, lowermost normal contact of relay 
505, contacts 3817 of relay 3814, contacts 318 
of rela ry 319, windings of ¥ clay, 320 and mag- 
net 316 to evounded battery. The brushes 
of the selector are thus elevated to the level 
ot the trunks leading to the desired con- 
nector group terminal, When the dial re- 
turns to normal and maintains. relay 805 
energized, slow relay 820 after a short in- 
terval releases. 
When slow-to-release relay 820 operated 

on the first impulse and the selector tools its 
first step, relay 821 operated in the follow- 
ing circuit; battery, winding of relay 321, 
contacts 322 of the off-normal switch 525, 
contacts + of relay 820, conductor 325 
contacts 306 of relay 319, conductor ; 327. : 
contacts 828 of relay 829, contacts 330 of 
relay 309 and contacts 831 of relay 882 to 
ground. Relay 821 in operating locks 
itself up to ground at the left normal con- 
tacts 3835 of relay 3807. This. locking. cir 
cuit may be traced from battery, windi ing 

230, ¥ 

ey 26 aL 

of relay 3821, contacts 322 of switch 823, 
contacts 333 ‘of relay 332, contacts 384 of 
relay 821 and to ground over contacts 3385 
of rolas 307. 

Relay 821 in operating also closes a shunt 
cirouit around relay 819 which can be traced 

; follows: ground, contacts 335 of relay 
307 t, contacts 334 of relay 321,.winding of 
relay 319, contacts 886 of switch 337, con- 
ductor 340 and to ground at the right-hand 
alternate contacts of relay 314.. Upon the 
cessation of the impulses and the release of 
slow relay 820, the cireuit of the rotary 
magnet 882 is "closed as follows: batter ys 
wi inding of relay 332, contacts 338 of relay 
sal, contacts 389. of "velay 320, conductors 
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525 and 840 to ground at the right alternate 
contact of relay 314.. The rotary magnet 
382 advances the brushes to the terminals 
of the first trunk and if it is not busy no 

5 ground will be pr ‘esent on the slecve terminal 
362 and the locking circuit of rel ay 821 will 
theretore be op ened at the contacts 338. of 
the rotary magnet 332 and relay $21 will 
release thus breaking at contacts 334, the 

iv shunt cireuié around relay 319 which was 
applied when relay 321 operated. The cir- 
cuit for rota ary’ magnet 332 is also opene d 
at contacts 338 upon the release of relay 
321. When the armature of rotary magnet 
382 retracts. it closes a circuit for the op- 
eration of relay 319 which can be traced 
as follows: battery, winding of relay 821, 
contac’ 322 of switch 323, contacts 333 of 
clay 832, winding of relay 319, contacts 836 

of switch 337 and to ground at the right- 
hand alternate contact of relay 314, Relay 
519 alone energizes in this. circuit relay B21 
being marginal and not capable of operat- 
ing in series with relay 319. 

Uf the first trunk is busy its sleeve termi- 
nal 362 will be grounded. In this case relay 
B21 veleases as usual upon the energization 
of rotary magnet 332 but relay 319 will not 
operate as it.is-still shunted by ground sup- 
plied from terminal 862 on the right nor- 
mal contacts of relay 307 and contact 368 
of relay 319. When the rotary magnet 332 
releases, relay 321 again energizes which in 
iurn causes magnet 332 to oper ate and the 
brushes are | stepped forward to a second set 
of terminals. This operation is continued 
until an idle trunk is found. 
When an idle trunk is reached, relay 319 

operates as before described and extends the 
tip. and ring conductors of the trunk to the 
selector brushes which are now in engage- 
ment with an idle connector (Fig. 4). Re- 
lay 319 in operating also grounds the sleeve 
brush 841, and consequently the test multi- 
ples of the selected trunk, thereby caus- 
ing them to test busy to other selectors. 
This circuit can be traced .as follows: 
eround, right alternate contact of relay 314, 
conductor "3.40, contacts 842. of relay. 319, 
right normal contact of relay 3807, and 
thence to brush 341 and terminal 362. Re- 
lay 319 in operating also opens at its con- 
tact 318 the circuit for vertical magnet 816. 
When relay 320 was first actuated relay 

829 was operated over the following cir- 
eult: ground, right alternate contact. of 
relay 314, contacts 378 of relay 3820 and 
winding of relay 829 to battery. "Relay 329 
in operating locleed up in the following 
circuit: battery, winding of relay 329, con- 
tacts 848 of relay 829, ‘conductor 327, con- 
tacts 326, of relay 319, conductor 340, and 
right alternate contacts of relay 814 to 
ground. Relay 329 in operating. also opens 
the circuits for relays 844 and 311 and 
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shunts the condenser 345 by resistance 346 
and 847 and the polarized relay 348, so that 
the pulsing relay 400 (Fig. 4) will operate 
when the connection is extended to the con- 
neclor. 
When reiny 3819 operated it closed its 

alternate contacts 3849 before it opened the 
normal contacts 826 so that relay 329 is 
maintained locked in a circuit which now 
can be traced as. follows: battery, winding 
and outer alterna ate contacts 343 of relay 
329, conductor 827, contacts 349, brush 350, 
terminal 364, contacts 401 of relay 409, ter- 
minal 862. (fig. 8), brush 341, right normal. 
contacts of relay 807, contacts 342 of relay =" 
319, conductor 340 and to ground at the 
right. alternate contact of relay 314. 

Thus the circuit of relay 329 will be main- 
tained closed if the circuit is extended for 
a purpose which will later appear. 

‘The seizure of the trunk leading to the 
connector (Fig. 4) closes the following cir- 
cuit for the pulsing relay 400: battery, up- 
per winding of relay 400, upper normal con- 
tacts of relay 403, contacts 404 of relay °° 
402, conductor R, of the trunk, terminal and 
brush of the selector switch, contacts. 351 
of relay 819, contacts 352 of relay 882, 
lower right-hand winding of repeating coil 
312, resistance 846, contacts 353 of relay | 
829, winding of polarized relay 348, resist- 
ance 847, upper right-hand winding of re- 
peating coil 312, contacts 354 of relay 332, 
contacts 355 of "relay 305, contacts 356 of 
relay 819, brush and terminal of the selector 
switch, contacts 405 of relay 402, contacts 
406 of relay 403 and to ground through the 
lower winding of relay 400. Relay 400 is 
energized in this circuit and closes a circuit 
for the energization of relay 407 which can 195 
be traced as follows: grounded battery, 
lower winding of relay 407, contacts 408 of 
relay 400 and to ground at contacts 409 of 
relay 402. Relay 407 operates and locks 
up at its contacts 410 to the sleeve conductor 1!” 
440 which is grounded at relay 314 (Fig. 
3). 
are return of the dial to normal trans- 

mitting the-tens digit of the wanted num- 
ber interrupts the cireuit for relay 202 of 11% 
Fig. 2 which in turn alternately breaks 
and makes the bridge including resistance 
207 across the trunk which in turn alter- 
nately interrupts at contacts 355 of relay | 
305 the circuit of relay 400. The lower }”’ 
armature of relay 400 therefore follows the 
dial pulses and in its turn transmits im- 
pulses to the vertical magnet 411. The 
circuit for the first impulse is as follows: 
ground, contacts.409 of relay 402, alternate 
contacts 412 of relay 400, contacts 413 of 
relay 407, contacts 414 of the off-normal 
switch 415, windings of  slow-to-release 
relay 416 and vertical magnet 411 to 
orounded battery. The off- normal switch | 
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415 is operated on the first vertical step of If the called line is found busy ground 
magnet 411 thereby switching the impulse 
circuit from its normal to its alternate 
contact and over the alternate contact of 
the slow-to-release relay 416 which was 
operated on the first impulse. The off- 
normal switch 415 in operating also prepares 
a circuit for the operation of the release 
magnet 417, 
After the last impulse of the series, the 

brushes 418, 419 and 420 will be elevated 
to the desired level and relay 416 will be 
deenergized thus switching the pulsing 
civenit to the rotary magnet 421, the circuit 
for which can be traced as follows: ground 
over contacts 409 of relay 402, contacts 412 
of relay 400, contacts 413 of relay 407, 
contacts 422 of the off-normal switch 415, 
contacts 423 of relay 416, contacts 424 of 
relay 425, winding. of slow-to-release relay 
426 and winding of the rotary magnet 421 
to grounded battery. As the last series of 
impulses comes in the lower armature of 
relay 400 drops back in step therewith and 
moves the brushes 418 and 419 into en- 
gagement with the desired. subscriber’s Une. 
When relay 426 operated it transferred the 
pulsing circuit from the normal contact of 
relay 425 to its own alternate contact 427. 

As soon as show-to-release relay 426 re- 
leases, if the called line igs idle, it closes 2 
circuit for the operation of relay 402 which 
can be traced as follows: battery (not 
shown), sleeve terminal 428 of the sub- 
scriber’s line, brush 420, contacts 429 of 
relay 426, contacts 480 of relay 425, upper 
winding of relay 402, terminal 362 (Hig. 3), 
brush 3841, right. normal contact of. relay 

_ 807, contacts 842 of relay 319, conductor 340, 
40 
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and ground at the right alternate contact 
of relay 314. Relay 402 operates in this 
circuit and locks to ground at its contacts 
439 over the just traced circuit. Relay 402 
in operating also connects the tip and ring 
conductors of the trunk through. te con- 
ductors 431, 432 and places ground on the 
invitiple test terminals of the seized sub- 
seriber’s line in the following circuit: 
ground, right-hand alternate contact of re- 
lay 814 (ifie..8), conductor 840,. contacts 
342 of relay 319, right normal contacts of 
relay 807, brush 3841 and terminal 862, con- 
tacts 483 of relay 402, contacts 480 of relay 
425, contacts 429 of relay 426 and brush 
420 which is in contact with test terminal 
428 of the called subscriber’s line. Further, 
reluy 402 in attracting its lowermost arma- 
ture removes ground from the lower arma- 
tnre of relay 400 and traniers this ground 
through 2 resistance 484 to hold relay 400 
operated during the continuance of the con- 
nection in order. that the ringing current 
circuit which extends through the upper 
alternate contact of relay 400 will not be 
broken at this point. 

will be present on the test terminal 428 and 
before slow relay 426 has time to release, 
relay 425 which is also slow-to-release will 
be energized thus breaking the. pulsing cir- 
enié branch at its contacts 424. When relay 
426 finally releases, relay 425 locks up to 
ground on the conductor 440, this can be 
traced from battery, winding of relay 425, 
normal contacts 485 of relay 426, contacts 
436 of relay 425 and to ground on conductor 
440 as previously traced which is supplied 
at the right-hand alternate contact of relay 
dit of Wig. 3. Relay 425 in operating also 
connects ground to operate the reverse relay 
403 which circuit can be traced from bat- 
tery, winding of relay 403, contacts 487 of 
reiny 425 and contacts 488 of relay 426 to 
ground. - Relay 403 now operates and xe- 
verses the current flowing back over the 
trunk to the toll transmission selector Fig. 
3 where it operates polarized relay 848 
bridged ut the center of the right-hand 
winding of repeating coil 312 in series with 
resistances 346 and 347. 

Polar relay 848 in operating closes a cix- 
cuit for relay 357 which may be traced as 
follows: battery, winding of relay 357, and 
contacts of relay 348 to ground at the lower 
wlternate contact of relay 305. Relay 357 
closes an obvious energizing circuit for re- 
verse relay 3811 which now operates and re- 
verses and reduces the current in the loop 
circuit leading back toward the toll office. 

Relay 311 in operating connects ground 
over its outer left. alternate contact. to the 
conductor 361 thereby causing relay 208 in 
the pulse translating equipment (Fig. 2) to 
operate. Relay 208 in operating momen- 
tarily opens, at its contacts 205, the energiz- 
ing circuit for relay 108 in the operator’s 
dialing equipment (Fig. 1). Relay 108 in 
releasing closes a circuit for the. energiza- 
tion of relay 105. This circuit may be traced 
from battery, left-hand alternate contact. of 
relay 110, right-hand winding of relay 105, 
right-hand normal contacts of relay 116, nor- 
mal contacts of relay 108, and to ground at 
the right-hand alternate contacts of relay- 
115. Relay 105 operates in this. circuit and 
disconnects battery at its right-hand normal 
contact thereby causing the release of relay 
106 in the cord circuit. The deenergization 
of relay 106 releases the dialing circuit and 
restores the cord to normal. When relay 
208 operated and relay 202 released the 
bridge including resistance 207 across the 
trunk circuit was opened at the alternate 
contacts of relay 202 but this bridge had 
previously been closed at the right-hand al- 
ternate contacts of relay 208 when this relay 
operated, so that the selector circuit-was not 
affected. Relay 208 in operating also closed 
a circuit for relay 217,-which can be traced 
from ground, outer left alternate contacts of 
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relay 208, winding of relay 217, normal con- 
tacts of relay 202, conductor 226, contacts 
214 of relay 218, brush 218, conductor T 
(Fig. 3), upper left winding of repeating 
coil 812, contacts 365 of relay 311, resistance 
366, contacts 308 of relay 309, contacts 306 
of relay 307 and lower winding of relay 3805 
to orounded battery. 

Relay 217 operates in this: cireuit and 
closes an obvious circuit for cut-through re- 
lay 208, which relay operates and locks up 
to eround on conductor 222, which ground 
is supplied at the left-hand alternate con- 
tacts of relay 311. 

The operation of relay 203 opens the cir- 
cuit for relay 208 which relay releases and 
opens the bridge across conductors . 226 
and 280, 

Relay 203, in operating, also disconnects 
the pulsing relay 202 from the trunk and.ex- 
tends the trunk through to the machine 
switching equipment. 
‘Relay 357, in operating, also connects 

ground. through interrupter 358 to alter- 
nately operate busy back relay 3809, which 
relay, in turn, alternately opens and closes 
at its contacts 308 the loop circuit leading 
back to the toll office where it causes the 
supervisory relay 118 bridged across the 
cord to operate in step with the interrupter 
and flash lamp 119 as a signal that the called 
line 1 is busy. In practice interrupter § 358, for 
giving a line busy signal, is arranged to in- 
ferrupt the cireuit at the rate of one hun- 
dred and twenty interruptions per minute. 

If the subscriber’s line is not busy it is 
seized and relay 402 operates as before de- 
scribed. Relay. 402, In operating opens at 
its contacts 401 the previously traced circuit 
for relay 329, which relay in turn releases 
and closes at its contacts 367 a circuit for 
the operation of reverse relay 311, which 
may be traced as follows: battery, winding 
of relay 311, contacts 867 of relay 329 and 
contacts 368 of off-normal switch 323 to 
ground. 
When relay 329 releases it provides a sub- 

stitute ground connection for the locking 
circuit of relay 407 so that this relay will 
not be deenergized when relay 402 is oper- 
ated. This circuit may be traced as follows: 
grounded battery, lower winding of relay 
407, contacts 410 of relay 407, conductor 441, 
terminal 364 and brush "350, Fig. 3, contacts 
349 of relay 319, conductor 307 , “contacts 828 
of relay 829, contacts 330 of relay 309 and 
contacts 331 of relay 332 to around, 
When relay 811 vperates in’ the cireuit 

just traced it reverses and reduces the cur- 
rent flowing in the loop circuit extending 
back to the pulse repeating equipment of 
fig. 2, which circuit includes the impulse re- 
lay 305 of the toll: transmission selector. 

Relay 311. ‘in’ operating also connects 
ground at its-outer left contacts to the lead 
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361 which causes relays 208, 217 and 
operate and the consequent release of the 
dialing equipment of Hig. 1 as previously 
described in connection with the line bi busy 
condition. With relay 203 operated and 
locked up to ground on lead 222, the loop 
cireuit is now extended back to the toll cord 
and current flowing in this loop ¢ircuit 
causes the steady operation of supervisory 
relay 118 and. the consequent hting of 
supervisory lamp 119 which serves as an in- 
dication to the operator that the building up 
of the connection has progressed proy erly 4 to 
the subscriber’s line and “that she cin how 
start ringing the called subscriber which is 
accomplished by depressing ringing key 120. 

The ringing current thus sent over the 
trunk from the cord circuit causes the oper- 
ation of alternating current relay 369 over 
an obvious circuit. Relay 369, In operating, 
closes at its alternate contacts an obvions 
circuit for the operation of relay 832. Re- 
lay 3282, in operating, opens at its contacts 
381 the locking circuit tor relay 407, which 
reléy now releases and apples ringing cur- 
rent in series with its upper winding to the 
subscriber’s line. ‘This ringing current is 
applied 1 intermittently in a well known man- 
ner until the called subscriber removes his 
receiver irom the hook, thereby casing an 
increase in the current flowing in the upper 
winding of relay 407, whereupon this relay 
again operates ther eby disconnecting the 
ringing current and again locking the relay 
to eround over the control conductor 441, it 
being assumed that the toil operator has re- 
stored the ringing key at the toil oifice, 
thereby releasing relays 369 and 35%, and ve- 
connecting eround at contacts. 331 of relay 
332-to this control circuit. Tt-will, of cons 
be evident that only a short pulse of 41 
ing current is necessary to cause the initial 
release of relay 407, after which the ringing 
is continued automatically from the con- 
nector circuit until the calied subscriber an- 
swers and causes the reoperation of relay 
407. It will be noted that the dialing key 
107 can be restored at any time after the dial 
has once been moved off normal, thus caus- 
ing the closure of a locking circuit. for relay 
106. 

‘Phe extension of the tip and ring condue- 
tors of the trunk to the subscriber's line by 
the operation of Jelay 407, when the called 
station S answers, oper ates relay 844 over a 
cirevit incu ding ‘the windings of coil 848, 
coniacts of relay 329 and the right-hand 
windings of repeating. coil 319. ae wking 
current is fed to the calling subseriber’s line 
at the distant exchange in which the tol] Une 
121 terminates. When relay 344 operates if 
closes an obvious circuit for the energization 
of relay 3809. Relay 309, in oper ating , sup- 
plies at its alternate contacts 370 er ound for 
holding. relay 407 locked, which cireuit can 
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be traced as follows: battery, lower winding 
and contacts 410 of relay 407, conductors 
441, terminal 364 (fig. 3), brush 350, con- 
tacts 349 of relay 319, conductor 827, con- 
tacts 328 of relay 329 anc to ground over 
contacts 870 of relay 309. Relay 309, In op- 
erating, opens at its contacts 808 the loop 
circuit containing the relay 305, leading 
back to the toll office, thus causing the de- 
mergization of the calling supervisory relay 
118, ‘which i in- releasing, extinguishes the. su- 
pervisory lamp 119 which notifies the ser- 
utor that the subscriber has responded. By 
moving the switchhook up and down the 
subseriber at station SS can cause the siper- 
visory iainp 119 im the tell cord to flash as is 
the manual practice for releasing the 
switches. ‘his is epparent from the follow- 
ing description inasmuch as the relay 344 1s 
in circuit with the called subseviber’s line 
and each time-it attracts its armature “yelay 
309 is energized which breaks the circurt 
leading back to the supervisory relay 118 
wend at the same time places a bridge includ- 
ing resistance 871 and contacts 308 of relay 
307 across relay 805 to hold it operated, 
thereby / preventing release ot the + witches. 
The operator can re-ring the called sub- 

seriber atter he has replaced | his receiver by 
actuating the ringing key 120 thereby oper- 
i ting relay 369, which in turn, operates re- 
Livy 332. When relay 3382 attracts its upper 
laner armature, ground 1 is disconnected from 
the control lead 44 i (Bie. 4), thereby per- 
nutting relay 407 to release and to connect 
ringing current to the subscriber’s line as 

> described. When the conversation is 
shed and the subseriber at station S has 

replaced his receiver, supervisory lainp 119 
ights as js the manual telephone practice, 
which is : signal for the operator to take 
down the connection and the plug 100 is re- 
u moved from the jack “00. Relay 205 (fig. 

>) is veleased, which causes the vesterntieg 
all the switches to normal as will be de- 
ibed Later. 
#, however, the’ operator vemoves the 
we from the trunk jack wiile the sub- 

‘ner et station 6 has the receiver off the 
houks ¥¢ 305 which gontrols the | ‘el 

the sy mer ime 
the circu ine lucite 3 resistance 
the operated condition of reiay 

Ii in building wp a con nec! on the toll 
ugmission selector (Hig, 5) encounters + 

busy trunk group leading to the connector 
(Bie: 4), a cireuit change is brought about 
to flash the supervisory “ha imp 119 at a rate 
different from that caused by finding the 
desived. line busy which will now be ce 
eeribed more in detail. 

Tn the case above described of all trunks 
hetyeen the toll transmission selector and 
the ecnnector being busy, switch 387 would 
have heen operated upen the movement of Ey 

the selector to its eleventh secondary posi- 
tion, thereby closing a civouit f fov relay 859 
which can be traced as follows wre owned 
battery, winding of relay 359, conta cs Bee 
i relay 837 and over conductor 373 

5 to ground. 
“Relay 3 59 in operating closes an opvious 
energizing circuit for relay "St which in 
operating reverses and reduces the current 
going back to the pulse translating equip- 
ment of Fig. 2 and also applies ground to 
conductor § 999 as before deseri bed in con- 
nection with the busy subseriber’s Hine 

Relay 3859 in operating also connects 
ground through interrupter 373 bo 
relay 3 809. which velay is alternately oper- 
ated a and v eleased in step with the interrup- 
ter and ashes the supervisory lamp 119 as 
betore described, the only difference being 
that interrupter, 373 is arranged to break 
the cireuit of relay 309 the rate of aixty 
instead of one hundred and twenty times 
per minute as was the case with int terrupter 
358 which was employed in the case of the 
Tine busy condition. 

The operator in receiving such a paths 
busy signal disconnects as before described 
nnd the switches return to normal. , 

Oper ate 

the 

at 
ab 

it will now be assumed that the called 
subscriver’s line was veached'and found idle 
and the called subsertber answered the ca! 
and vt the conipletion of the conversation 
hung tp his recciver, whereupon the super- 
visory lamp 719 was steadily Hehted ag a 
3] the operater fh called sub- 
eeriber had finished, I¢ will further be as- 

this sional the 
oper ator removes the plug 100 from the 
jack 200 for the purpose of breaking down 
the connection. Uncder these conditions relay 
305 will velease, which, in turn, will release 
relay 814. Relay 314, in relen sing, opens at 
its other left armeture contacts the « 
connection for the sleeve conductor ¢ en ond 
ing back over the contacts of switch 310, 
winding of rey 2 3, normal contacts of the 
votary Tngnet 8 Me , contacts of the off ( -Nor- 
mal Switch ¢ ane winding the mereinal 
relay 232, w hereipon relay 212 releases and 
closes the cireuit for the release magnet 233, 
the cenit for which can be t 

ery, Winding of 
¢ 223, contacts 284 of switch 

of relay 236, contects 237 
normal contacts 238 20 

ry e ground. The removel 
ductor 840 by the vele 
eases: relay 81d. BR clay 
closes its contact 
enerelsy 

raced, from 
velense IAS 
281, contacts 
of relay 209 

of re lay 213 to 
around from con- 

elay 3! : re- 

ang cireuit fo magnet 374, m 

which can be tra fyom grounded bat- 
tery, winding of meenet 374, cond pacts 876 of 
awitch 328, contacts 875 of velay S14 and 
contacts BTT of relay 805 to ground. Relay 
307 is energized in parallel with magnet 874 
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and opens at its right-hand normal con- 
tacts the circuit for test brush 841 through 
the restoration operation. Relay 307 when 
energized also locks itself up at its left-hand 
alternate contacts in a circuit including the 
contacts 876 of the switch 823, which switch 
will be opened when the selector is restored 
to normal, 

The removal of ground from the test 
brush 841 causes relay 402 to release, which 
in turn causes relay 400. to release, which 
relay in retracting its lower armature com- 
pletes a circuit for release magnet 417 which 
can be traced frem grounded - battery 
through the winding of magnet 417, con- 
tacts 443 of switch 4.15, contacts 444 of relay 
407, contacts 412 of velay 400 and contacts 
409 of relay 402 to ground. When the con- 
nector in restoring reaches its normal. po- 
sition switch 415 is opened. 
When the toll transmission selector switch 

rimal, switch 393 is 
( ereby removing ground at its contacts 
368 to release relay 811 which relay in re- 
leasing romoves ground from conductors 861 
and 222, thereby causing the deencrgization 
of relay 208, which relay in releasing dis- 
connects the jack from the trunk conductors 
226 and 230 and reconnects relay 202 across 
the tip and ring springs of the jack. 

Tt will be observed that throughont the 
building up of the connection, battery was 
supphed from the dial 109 of the cord circuit 
for operating the pulse translating relay 202 
at the machine switching office, which relay 
in turn controlled the usual pulsing circuit 
and that when the dial was standing in 
normal position, the trunk between the toll 
office and the machine switching office was 
“dry,” that is, free from battery. 
What is claimed is: 
1. In a telephone system, an operator’s 

position, a trunk circuit extending there- 
from to an automatic exchange and having 
normally no connections to battery or ground, 
a cord circuit at said operator’s position for 
connecting with said trunk cireuit, a sender 
circuit including a source of dialing current 
adapted to be switched into connection with 
said cord circuit to transmit current pulses 
over said trunk circuit from said source cor- 
responding to the desired setting of a switch 
in said automatic exchange, and means in 
said trunk circuit at the automatic exchange 
end thereof responsive to said pulses to con- 
trol the setting of said switch. 

2. In a telephone system, an operator’s 
position, 2 normally dry trunk circuit ex- 
tending therefrom to an automatic exchange, 
subscribers’ lines terminating in said ex- 
change accessible to said trunk circuit, a 
cord circuit at said operator’s position for 
connecting with said trunk circuit, a sender 
circuit including a source of dialing current 
adapted to be switched into connection with 
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said cord.cireuit to transmit current pulses 
from said source over said trunk circuit cor- 
responding to the desired setting of a switch 
at said automatic exchange for connecting 
said trunk cizcuit with one of said subscrib- 
ers’ lines, means including a relay, asso- 
ciated with said trunk circuit at said auto- 
inalic exchange responsive to said pulses to 
control the setting of said switch, and ineans 
for disconnecting said relay from said trunk 
circuit when the desired subscriber’s line is 
seized by said switch. 

3. In a telephone system, an operator's 
position, a normally dry interoffice trunk 
circuit extending therefrom to an automatic 
exchange, an automatic switch thereat ac- 
cessible to said trunk cireuit, a plurality of 
other trunk circuits extending from said 
automatic switch to certain other switches, 
a cord circuit at said operator’s position for 
connecting with said interoffice trunk cir- 
cuit, a sender circuit including a source of 
dialing current adapted to be switched into 
connection with said cord circuit to trans- 
mit current pulses over said interoffice trunk 
circuit corresponding to the desired setting 
of said first mentioned switch for connecting 
said interoflice trunk circuit with one of said 
plurality of other trunk lines, means includ- 
ing a relay associated with said interoffice 
trunk circuit at said automatic exchange re- 
sponsiye to said pulses to control the setting 
of said switch into engagement with one of 
said plurality of other trunks, and means 
for disconnecting said relay from said inter- 
ofice trunk when all of said plurality of 
other trunks are found busy by said first 
mentioned switch. 

4, A telephone system, an operator’s posi- 
tion, a normally dry trunk circuit extending 
therefrom to an automatic exchange, sub- 
scribers’ lines terminating in said exchange 
accessible to said trunk cireuit, a cord cir- 
cuit at said operator’s position for connect- 
ing with said trunk circuit, an operator con- 
trolled sender cireuit including a source of 
dialing current adapted to be switched into 
connection with said cord circuit for trans- 
mitting current impulses from said source 
over srid trunk circuit corresponding to the 
desired setting of a switch at said automatic 
exchange for connecting said trunk circuit 
to one of said subscribers’ lines, means in- 
cluding a relay associated with said trunk 
circuit at said automatic exchange respon- 
sive to said pulses to control the setting of 
said switch, a signal. device associated with 
said cord circuit, and automatic means for 
disconnecting: said relay from said trunk, 
connecting said trunk with said automatic 
switch, disconnecting said dial from said 
eord circuit and for actuating said signal 
device when the desired srbscriber’s line is 
seized or when an intermediate paths busy 
condition is encountered. 
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5. A telephone system, an operator’s posi- 
tion, a normally dry trunk circuit extending 
therefrom to an automatic exchange, sub- 
scribers’ lines terminating in said exchange 
accessible to said trunk circuit, a cord cireuit 
at said operator’s position for connecting 
with said trunk circuit, an operator con- 
trolled sender circuit including a source of 
dialing current adapted to be switched into 
connection with said cord circuit for trans- 
mitting current impulses from said source 
over said trunk cireuit corresponding to the 
desired setting of a switch at said automatic 
exchange for connecting said trunk circuit 
to one of said subscribers’ lines, means in- 
cluding a relay associated with said trunk 
circuit at said automatic exchange respon- 
sive to said pulses to control the setting of 
said switch, a signaling device associated 
with said cord circuit, and automatic means 
for disconnecting said relay from said trunk, 
connecting said trunk with said automatic 
switch, disconnecting said dial from said 
cord circuit and for actuating said signaling 
device in one manner when an intermediate 
paths busy condition is encountered, in an- 
other manner if the desired subscriber’s line 
is found busy and in a third manner when 
the desired subscriber’s line is seized. 

6. In a telephone system, an operator’s 
position, a trunk circuit extending there- 
from to an automatic exchange and having 

9S 

normally no connections to battery or 
ground, an operator’s dial-circuit including 
a source of current adapted to be connected 
to said trunk to transmit pulses of current 
thereover from said source, and a relay at 
said exchange associated with said trunk cir- 
cuit and controlled by said pulses-to in turn 
control the operation of a selector switch at 
said exchange. 

7. In-a telephone system, an operator’s 
position, a trunk circuit extending therefrom 
to an atttomatic exchange, an operator’s dial 
circuit including a source of current adapted 
to be connected to said trunk to transmit 
pulses of current thereover from said 
source, a selector switch at said automatic 
exchange associated with said trunk, a relay 
at said exchange associated with said trunk 
circuit and controlled by said pulses to in 
turn control the operation of said selector 
switch at said exchange, subscribers’ lines 
accessible by said selector switch and for the 
establishing of a connection between a called 
subscriber and said trunk circuit, and means 
controlled by said switch when it comes to 
rest on a called. subscriber’s line for dis- 
connecting said relay from said trunk cir- 
cuit. . 

In testimony whereof, I have signed my 
name to this specification this 10th day of 
June, 1924. 

JOHN F. TOOMEY. 
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