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UNITED STATES 

1,725,757 

PATENT OFFICE. 
WILLIAM T. HAINES, OF MOUNTAIN LAKES, NEW JERSEY, ASSIGNOR TO AMERICAN 

TELEPHONE AND TELEGRAPH COMPANY, A CORPORATION OF NEW ‘YORE. 

CALL-CHARGING TELEPHONE-EXCHANGE ‘SYSTEM. 

Application filed November 11,.1927. Serial ‘No. 232,595. 

This invention relates to a telephone ex- 
change system and more particularly to a 
system in which a charge is automatically 
made for a completed call. The object of the 
invention is the provision of means for con- 
trolling the call-charging, which will charge 
the calling subscriber in such a manner as 
to more equitably recompense the operating 

telephone company for the use of exchange 
equipment. 

It is not equitable to the operating tele- 
phone company that for a basic charge a 
subscriber shall be enabled to hold an estab- 
lished connection indefinitely. In manual 
systems, of course, the operator is able to 
assess the charge in accordance with the 
number of unit periods during which con- 
versation is continued on any call. Where, 
however, calls are extended by means of ma- 
chine switching devices, operator supervision 
is not desirable, and from a standpoint of 
economy the supervision of elapsed time 
should be attained by automatic means. 

Automatic charging in accordance with 
the elapsed conversational period has here- 
tofore been accomplished. In accordance 
with the present invention, however, one 
specific embodiment of which is disclosed 
herein by way of illustration, this is accom- 
plished in the following improved manner: 

A timing switch is provided which is 
started upon the response of the called sub- 
seriber and under the control of a timing 
interrupter completes its cycle once during 
each unit period of conversation, the unit 
period having been chosen as. that which 
would be proper for a single unit charge, for 
example, five minutes. ‘The timing switch 
advances a recording switch to a position 
which is indicative of the number of such 
périods elapsing during the conversation. 
Upon the termination of the call the record- 
ing switch is then further advanced, send- 
ing a number of impulses for operating the 
subseriber’s message register to charge the 
call in accordance with the position it as- 
sumed in its initial setting. Registration is 
thus effected in accordance with the elapsed 
time for the terminated conversation. 

A clearer conception of the scope and pur- 
pose of the invention will be obtained from 
a consideration of the following description, 

taken in connection with the attached draw- 
ings, in which: , 

Figure 1 shows a calling subscriber’s line 
having two substations thereon, together 
with certain relays for preventing interfer- 
ence between calling lines;- 

Fig, 2 shows a start circuit and a portion 
of two link circuits; 

Fig. 3 shows a line finder; 
Fig. 4 shows a link circuit for associating 

the sender-of Fig. 5 with the district selector 
of Fig. 7; a 

Fig. 5 shows a portion of a register sender; 
Fig. 6 shows a-call charging control cir- 

cult; 
Fig. 7 shows a district selector. 
Fig. 8 shows in schematic form selectors 

for completing a connection te an automatic 
subscriber, to a manual office or to an oper- 
ator, and ce 

Pig. 9 shows the manner in which Figs. 1 
to 7 should be arranged. 

The invention has been embodied in.a dis- * 
closure which is substantially like that .of 
Patent 1,567,072 to W. H. Matthies, granted 
December 29, 1925. Both the present dis- 
closure and that of the Matthies patent show 
a.skeletonized sender substantially identical 
with that employed in the more complete 
disclosure of Patent 1,589,402 to O. H. Kopp, 
granted June 22, 1926. Reference to the 
Kopp patent is made for operations not 
completely described herein. : 

As in the case of the above mentioned pat- 
ents, a plurality of link circuits are ar- 
ranged to serve a group of calling lines 
and are taken into service in rotation. When 
a link circuit completes its function it hunts 
for and associates itself with a district. se- 
lector which is ready for use.and the link 
and district remain in a sub-allotted condi- 
tion until the next link in the series has 
been put into service. The link circuit is 
then put into allotted condition, from which 
it will be advanced by the initiation of a call 
and the action of the start circuit of Fig, 2. 
The trip circuit of Fig. 1 and the start circuit 
of Fig. 2 are so arranged that only-one line 
may be served at a time and so that there 
may be cooperation between two groups of 
lines, to each of which a group of link cir- 
cuits is individual. The details of these 
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‘allel, inner front contact of relay 

to the line finder. 

2 
functions are described in the above men- 
tioned Matthies patent and since they form 
no part of the present invention will be 
omitted from the following description. 

Establishinent of connection. 

Tt will first be assumed that the subscriber 
at substation 100 removes his receiver from 
the switchhook to initiate a call, thereby 
closing .a circuit from battery through the 
winding of line relay 101, inner left con- 
tact of relay 102 over the subscriber's line 
to ground at the outer left contact of relay 
102. Relay 101 in operating closes a circuit 
from battery through resistance 104, wind- 
ing of relay *03 to ground at the outer front 
contact of relay 101. It also prepares a 
circuit from battery through resistance 111 
and the right winding of relay 109 in par- 

101 to 
conductor 114,. to. identify the calling line 

Relay 103 in operating 
closes a circuit from. battery, over the left 
back ‘contact of relay 201, conductor 180, 
right winding of relay 108, inner left con- 
tact of relay 107, inner right contact of relay 
1038 to 
109. 
Relay 108 operates in this circuit and closes 

a locking circuit for itself from battery 
through the right winding of relay 201, con- 
ductor 129 over back contacts of relays | suni- 
lar to relay 108 individual to other groups 
of lines appearing before the same line find- 
er, inner left front contact and left winding 

eromd at the left contact of relay 

of relay 108 to ground at the right contact 
of relay 109. Relay 108 prepares a circuit 
from ground: at. its outer right contact 
throug h the winding of trip magnet 303 of 
the ine finder to battery i in preparation for 
tripping the proper set of brushes when the 
line finder-is operated. Relay 201 operates 
in' the locking cireuit.of relay 108 and in 
combination therewith closes a circuit from 
ground over its outer right contact, conductor 
128, inner right contact of relay ‘108, wind- 
ing ‘of relay 110 to battery. Relay 110 locks 
over its inner right contact.to around at the 
left contact of relay 109. Relay 110 closes 
a circuit for starting the allotted line find- 
er. Assuming that the link and line finder 
shown - are the ones to be used next, se- 
qhence. switch 400 will be standing in posi- 
tion 1 and ‘sequence switch 700 in position 
2. The operation of relay 110 will therefore 
close a circuit from around at its outer con- 
tact, outer left contact of relay 108, inner 
left contact of relay 103, conductor 131, left 
back contact of relay 202, inner left back 
contact of relay 203, conductor 206, upper 
left and lower right contacts of cam 403, 
brush 402 and terminal 401, conductor 701, 
left contacts of cam 702, conductor 7 03, outer 
left back contact of relay 609, conductor 608, 
winding of relay 302 to battery, 
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Relay 802 in operating closes a circuit 
from battery through the winding of up- 
drive magnet 304 of the line finder, outer 
left contact of relay 302, lower right contact 
of cam 704, outer right "front contact of re- 
lay 802, upper left “contact of cam 705 to 
ground. The line finder moves upward un- 
der the control of magnet 304 and since trip 
magnet 303 is operated the proper set of 
brushes j is tripped. As soon as the line find- 
er moves upward a locking circuit is pro- 
vided for relay 302 extending over its inner 
left contact, lower contacts of cam 706, right 
back contact of relay 320, commutator strip 
821, brush 322 to ground, which holds relay 
302 operated independent of the start cir- 
cuit. At its inner right front contact re- 
lay 802 establishes a cireuit. for relay 800, 
extending from battery through the left 
winding ‘ot relay 300, inner. right contact of 
relay 302, lower right contact of cam 704 to 
ground, as previously traced at the upper 
left contact of cam 705. As soon as com- 
mutator brush 307 engages segment 305, a 
circuit is closed from ground, over brush 
307 and segment 305, the. innermost left con- 
‘tact -of relay 300, conductor 404, contact 230 

90 

of key 204, inner ‘right front contact of relay — 
201, to conductor 129 and the right winding 
of relay 201. This circuit shunts the wind. 
ing of relay 108 and causes that relay to re- 
lease, in turn releasing the trip magnet : 308. 
When brush 307 leaves segment 305, the cir- 
cuit of relay 201 is opened ‘and that relay also 
releases. 
When line finder brush 381 makes con- 

tact. with terminal 380, which is connected 
to conductor 114 and therefore to batter Vy a 
circuit is completed from this battery 
through the winding of relay 320, inner left 
back contact of relay 707, upper right and 
lower left contacts of cam 708 to ‘ground, 
Relay 320 operates in this circuit and closes 
a shunt around its winding through resist- 
tance 319 to ground over commutator strip 
321 and brush 322. This reduces the resist- 

95 

YOU 

105 
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ance in series with the winding of mar ginal 7 
relay 109 sufficiently to cause that relay 
operate and to open the locking cireuit of 
relay 110, which in turn opens the energiz- 
ing: circuit of relay 302. The oper ation of 
relay 320 also opens the locking circuit of 
relay 302, causing that relay to release. The 
release of relay 302 opens the circuit of the 
up-drive magnet 304 to arrest the hunting 
movement of the line finder and opens the 
circuit of relay 300, which also releases. 
The release of relay 300 closes a circuit from 
ground through the winding of cut-off re- 
lay 102, conductor 112, terminal 827, brush 
326, innermost lower back contact of relay 
317, right contacts of cam 709, right back 
contact of relay. 300, resistance 323 to bat- 
tery. The operation of cut-off relay 102 
opens the circuit of line relay 101, removing 
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battery from conductor 114, thus releasing 
relays 109 and 320, 

At the time relay 300 operates it closes a 
circuit from ground at its middle left con- 
tact over the inner right back contact of re- 
lay 801, conductor 379, terminal 407 and 
brush 406 of the link district finder 410, 
lower right contact of cam 408, winding of 
relay 409, resistance 411 to battery. Relay 
409 operates and closes a circuit from bat- 
tery through the winding of sequence switch 
magnet 400, upper contact of cam 412 to 
ground at the outer left front contact of 
relay 409, advancing the link sequence 
switch 400 to position 2. When sequence 
switch 400 leaves position 1, relay 409 is re- 
leased. In position 2 a circuit is closed from 
battery through the winding of relay 418, 
upper contacts of cam 414, right back con- 
tact of relay 415 to ground at the left con- 
tact of cam 416. Relay 418 operates, closing 
a circuit from battery through the left wind- 
ing of relay 417, left front contact of relay 

. 413 to ground at the left back contact of 1e- 
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lay 415. Relay 417 upon operating closes a 
circuit from battery through the winding of 
up-drive magnet 418 of the sender finder 
420, lefi contact of cam 479, outer right con- 
tact of relay 417 to ground at the left back 
contact of relay 409. The sender finder 
moves upward under control of magnet 418 
in search of an idle sender. 

Relay 418 also closes a cireuit from bat- 
tery through the right winding of relay 415, 
upper contacts of cam 421, middle winding 
of relay 415 to ground at. the right contact 
of relay 413. The current in. this. circuit, 
however, is not sufficient to operate relay 
415, but does create a flux in the windings 
of that relay so that it becomes quick to 
operate when the test circuit is closed. The 
test circuit extends from brush 422 over the 
lower contacts of cam 419, right back contact 
of relay 409, left winding of relay 415, 
lower right and upper left contacts of cam 
421, middle winding of relay 415 to ereund 
at the right contact of relay 418. An idle 
sender is characterized by battery connected 
to conductor 502. When, therefore, brush 
422 engages terminal 423, corresponding to 
the sender of Fig. 5 which is assumed to be 
idle, the test circuit above traced is com- 
pleted over terminal 423 to battery, and re- 
lay 415 operates quickly. The relay 415 
upon operating, closes a locking cireuit for 
itself from battery through its right wind- 
ing, upper contacts of cam 421 to. ground at 
its left front contact. It also opens the cir- 
cuit of relay 417, which releases, in turn re- 
leasing magnet 418 and bringing the sender 
finder to rest on the terminals of the idle 
sender. The release of relay 417 in turn re- 
leases relay 418. When relay 413 releases 
with relay 415 operated, a circuit is closed 
from battery through the winding of se- 

3 

quence switch magnet 400, lower left contact 
of cam 476, contact 427 of jack 428, left back 
contact of relay 413, right front contact of 
relay 415 to ground at the left contact of 
cam 416, advancing sequence switch 400 to 
position 8. 
When sequence switch 400 reaches position 

3, a circuit is closed from ground through 
the left and middle windings of relay 503, 
left back contacts of relays 504 and 505, con- 
ductor 506, terminal 430, brush 481, right 
contact of cam 484, brush 482 and terminal 
483, conductor 315, contacts of cam 710 (as- 
suming that the district selector has been 
advanced to position 3, as above described), 
through the lower winding of relay 317 and 
the winding of relay 351 in parallel to bat- 
tery. Relay 817 is marginal and does not 
operate, but relay 351 operates, although 
ineffective at this time. Relay 508 also op- 
erates and closes an obvious circuit for relay 
507, which in turn closes a cireuit for relay 
509. Relay 509 closes a circuit for relay 510. 

As soon as sequence switch 400 arrived in 
position 234 it prepared the pulsing circuit 
for receiving dial pulses. This circuit may 
be traced from battery through the left 
winding of relay 500, conductor 587, termi- 
nal 440, brush 441, lower contact of cam 
429, brush 478, terminal 477, conductor 875, 
lower right contact of cam 711, upper back 
contact of relay 317, wpper back contact of 
relay 306, brush 334, terminal 333, conductor 
117 through the subscriber’s ‘substation, 
conductor 116, terminal 332, brush 331, lower 
back contact of relay 306, lower back contact 
of relay 317, winding of relay 330, upper 
right contact of cam 712, conductor 382, ter- 
minal 442, brush 443, wpper right and lower 
left contacts of cam 403, brush 444, and ter- 
minal 445, to ground at the back contact of 
relay 518. Relay 500 operates, in turn oper- 
ating relay 518 in the well known manner, 
relay 518 operating relay 519. <A circuit is 
thereupon closed from the source of tone 
516, through the right winding of relay 500, 
register steering switch brush 520 in its ner- 
mal position, front contact of relay 519, 
contact of cam 514 to ground at the outer 
right front contact of relay 509. This tone 
is transmitted to the calling subscriber to in- 
form him that the sender is ready to receive 
impulses which he may then send out by 
manipulating his dial. When relay 510 oper- 
ated it removed battery from conductor 502, 
releasing relay 415. When relay 415 re- 
leases, a circuit is closed from battery 
through the winding of sequence switch 
magnet 400, upper left contact of cam 476, 
right back contact of relay 415 to ground at 
the left contact of cam 416. Sequence switch 
400 advances to position 5 over this circuit 
and remains in this position throughout the 
fuvther operation of the sender. | 
The calling subscriber now proceeds to 
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dial the desired line number for setting the 
registers and translator (not shown) of the 
sender in the well known manner. After the 
dialing of the first digit the register steering 
switch, one wiper of which is shown at 520, 
advances from normal closing a circuit for 
relay 517, extending from battery through 
the winding of relay 517, terminals and 
brush 520, contact of relay. 519, contact. of 
cam 514 to ground at the outer right contact 
of relay 509. Relay 517 closes an obvious 
circuit for relay 521. 

As soon as the code registers of the sender 
have been set in accordance with the first two 

digits dialed by the calling subscriber, the 
translator is set in the manner described in 
the aforementioned patent.to O. H. Kopp. 

When the translator assumes its setting re- 
lay 583 operates, closing a circuit over the 

translator are 534, over the cable 539 to the 

class switch 540 which is diagrammatically 

indicated in the upper right portion of Vig. 

5. The class switch is thereupon set from the 

ave 584 of the translator. 
When the link circuit advances into posi- 

tion 2 tor hunting for an idle sender, a circuit 

is closed for relay 714 extending from bat- 

tery through the left winding of relay 714, 

lower right contact of cam 715, upper left 

contact of cam 716, conductor 875, terminal 

477 and brush 478 of district finder 410, to 

ground at the right contact of cam 429. 

When relay 302 releases and relay 714 ener- 
o 

gizes, a circuit is closed for advancing se- 

5 quence switch 700 into position 3, extending 

from battery through magnet 700, the lower 

left contact of cam 717, outer left front con- 

tact of relay 714, right back contact of relay 

302-to ground at the upper left contact. of 

cam 705. As the sequence switch 700 ad- 

vances from position 2 to 8, relay 714 re- 

leases. _ 

When sequence switch 700 is in position 3 

a circuit is closed to test the responsive con- 

dition of relay 308. This circuit extends 

from battery through the winding of relay 

308, the right winding of relay 809 to ground 

through the left contacts of cam 708. The 

current flow received by relay 308 at this 

time is the least upon which the relay should 

operate. If relay 308 operates, as It should, 

a circuit is closed. for relay 310, extending 

from battery through the winding of relay 

310, outer left back contact of relay 311 to 

eround at the contact of relay 308. Relay 

810 locks over its inner right front contact 

to. ground at the lower left contact of cam 

727 and prepares a circuit for advancing se- 
quence switch 700 into position 4. With 
sequence switch 700 in position 3, relay 714 
is again energized over a circuit extending 
from battery through its left winding, the 
lower right contact of cam 715, the lower 
left contact of cam 716, conductor 701, ter- 
minal 401 and brush 402 of district finder 
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410, the lower right and upper. left contacts 
of cam 435, brush 436 and terminal 487 of 
sender finder 420, the front contact of relay 
521, the right back contact of relay 504, the 
left contact of cam 526, winding of sender 
stepping relay 522, winding of overflow re- 
lay 528, left contact of cam 527, resistance 
530 to ground. Relays 522 and 714 operate 
in this circuit, relay 714 locking over its: in- 
ner left front contact and the lower left 
contact. of cam -715, thence over the circuit 
traced whereby it remains energized as the 
sequence switch 700 advances into: position 
4. Relay 714 also closes a circuit to advance 
sequence switch 700 into position 4, extend- 
ing from battery through magnet 700, upper 
left contact of cam 718, lower left contact of 
cam 704, outer right contact of relay 310, 
outer left front contact of relay 714, right 
back contact of relay 3802 to ground at the 
upper left contact of cam. 705. As soon as 
sequence switch 700 leaves position 3, relays 
808 and 310 release. : 

The district selector 1s now controlled b 
the sender in its brush and group selections 
aad then proceeds to hunt for an idle trunk 
in the well known manner. After an idle 
trunk is selected, a circuit is established. in 
position 9 for relay 714, extending from 
battery through the right winding of this 
relay, the left contact of cam 719 to ground 
at the contact of relay 351, advancing the 
sequence switch 700-into position 10. In 
position 10 relay 714 remains energized over 
the circuit just traced. In position 10, which 
is the selection beyond position of the dis- 
trict circuit, the control of succeeding 
switches is effected over a fundamental cir- 
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cuit which may be traced in part through the 
upper right and lower left contacts of-cam 
768, outer right back contact of relay 301, 
conductor 701, thence as traced to the sender 
through relays 522 and 523, cam 546, brush 
544, compensating. resistance 545, left back 
contact of relay 524, right. front contact of 
relay 507, conductor 548,. returning over 
terminal 439 and brush 438, the right con- 
tacts of cam 405, brush’ 406 and terminal 
407, conductor 379, the inner right back con- 
tact of relay 801 to the right contacts of cam 
(70. 

As soon as selections are completed and 
the connection has been set up to the called 
subscriber’s line, reversed battery from. the 
incoming selector operates relays. 522 and 
523 in the ustial manner. These relays in 
tum cause the operation of relay 531 and 
relays 524 and 504. With these relays op- 
erated, the sender is advanced to position 18 
for controlling talking selection, Relay 351 
is operated in parallel with the winding of 
relay 317 throughout selections. The opera- 
tion of relay 504 above mentioned now opens 
a shunt around the right winding of relay 
508, including that winding in the circuit 

110 

115 

120 

130



10 

20 

25 

30 

40 

45 

50 

60 

1,725,757 

of relays 851 and 317. Relay 351 thereupon 
releases, in turn opening the circuit of re- 
lay 714, which also releases. Upon the re- 
lease of relay 714 the district sequence switch 
700 is advanced into position 12 over a cir- 
cuit. extending’ from battery, winding of 
magnet 700, lower left contact of cam 718, 
outer left back contact of relay 714, outer 
right back contact of relay 302 to ground 
at the upper left contact of cam 705. As 
the sequence switch enters position 11, 
eround is connected to conductor 315 at the 
lower right contact of cam 720, which is ex- 
tended over terminal 433, brush 432, upper 

5 contacts of cam 446, left winding of relay 
415, right back contact of relay 409, left con- 
tact of cam 484, brush 481, terminal 430, 
-conductor 506, left back contact of relay 505 
to the windings of relay 508. Since these 
windings are also connected to ground, re- 
lay 503 now releases, in turn releasing relay 
507. The release of relay 507 does not re- 
lease relay 509, since that relay is locked to 
its own front contact. A circuit is therefore 
closed from ground over the left back con- 
tact of relay 507, front contact of relay 509 
to the winding of relay 505, which relay 
locks over its middle left contact to con- 
ductor 506 and to ground as above traced. 
After leaving position 11, relays 351 and 
317 arc both disconnected from conductor 
315. After leaving position 10, the sub- 
seriber’s line becomes disconnected from the 
sender at contacts of cams 711 and 712. 

Test for particular calling substation 

Yn positions 11 and 12 of sequence switch 
700 a test of the calling line is made by the 
relay 808 to determine which party on, the 
line has initiated the call. As the sequence 
switch passes through positions 1084 to 1144 
a circuit is established for relay 306 extend- 
ing from battery, lower winding of relay 
306, mner left back contact of relay 311, up- 
per contacts af cam 721, commutator seg- 
iment 312, brush 813 to ground. Relay 306 
upon operating extends its own operating 
ground over its lower front contact. to bat- 
tery through the left winding of relay 309, 
energizing the latter relay. Relay 309 upon 
energizing locks both itself and relay 306 
over its inner left front contact, the left nor- 
mal. contacts of relay 314, the left normal 
contacts of relay 802, the right contacts of 
cam 706 to ground over commutator segment 
312 and brush 318. Relay 309 at its outer 
right front contact also closes a secondary 
holding ctreuit for relay 306 through its 
upper winding. Relay 809 also connects the 
winding of relay 308 to brush 831 of the 
line finder through the inner right contact 
of relay B09 and to brush 384 over the outer 
eft contact of relay 809. Since the substa- 
tion 100 has been assumed to be calling, these 

5 

circuits will be completed to ground over 
terminal 832, conductor 116, through the 
ringer at substation 100 and over terminal 
383, conductor 117, switchhook contacts 
thence to ground through the ringer, and re- 
lay 308 will energize in turn operating relay 
310, the latter relay locking to ground at the 
lower left contact of cam 727. — 

Relay 806 also closes a circuit for relay 
722, extending from battery through the 
right winding of relay 722, the lower con- 
tact of interrupter 723, conductor 724, the 
inner upper front contact of relay 306, con- 
ductor 725 to ground at the lower right con- 
tact of cam 705. Relay 722 locks independ- 
ently of interrupter 723 over its inner right 
contact to the circuit above traced. When 
relay 722 energizes, as soon as interrupter 
723 makes its upper contact a circuit is 
closed through the winding of relay 302, 
the outer right contact of relay 722, the up- 
per contact of interrupter 723, conductor 
(24, innermost upper front contact of relay 
806, conductor 725 to ground at the lower 
right contact of cam 705. Relay 302 upon 
energizing opens the holding circuit of re- 
lay 309, which releases, in turn releasing re- 
lays 806, 722 and 302. The timing inter- 
rupter 723 is so arranged that relays 306, 
309 and 722 do not release until relay 308 
has had time to operate and to lock relay 
310 energized. 

The release of relay 806 now connects the 
left windings of repeating coil 760 to the: 
subscriber’s line, the calling subscriber be- 
ing suppled with talking current over the 
following path: battery, lower left winding 
of coil 760, lower right contact of cam 712, 
winding of supervisory relay 830, lower 
back contacts of relays 3817 and 306, brush 
331, terminal 332, conductor 116 through 
the substation set 100, returning over con- 
ductor 117, terminal 333 and brush 334, up- 
per back contacts of relays 306 and 317, 
upper right contact of cam 711 to ground 
through the upper left winding of repeat- 
ing coil 760: Relay 330 operates in this 
circuit and closes a circuit. for relay 707 ; 
extending from battery through the wind- 
ing of relay 707, contact of relay 330, upper 
contacts of cam 726 to ground at the upper 
right contact of cam 727. 

Talking selection. 

With sequence switch 700 in position 12, - 
relay 714 is energized in a circuit extending 
to the sender from battery through its left 
winding, the lower right contact of cam 
715, the lower left contact of cam 716, con- 
ductor 701, terminal 401, brush 402, the low- 
er right and upper left contacts of cam 435, 
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brush 486, terminal 487, conductor 582, the - 
front contact of relay 521, the front contact 
of relay 504, the right contact of cam 526,
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vy the sender sequence switch being in position 

10 

15 

20 

o Telay 
battery 

18° for talking selection, the windings of 
relays 522 and 528, the right contact of cam 
527 to ground through resistance 530. Re- 
lays 714 and 522 energize in this -circuit, 

714 closing a circuit.extending from 
through sequence switch magnet 

700, the lower left: contact of cam 717, the 
cuter left front contact of relay 714, the 
right back contact of relay 309 to ground at 
‘the upper right contact of cam 705. Relay 
714 upon energizing locks to the fundamen- 
tal circuit over its inner left front contact 
and the lower left contact of cam 715. -As 
sequence switch 700 rotates out of position 
:12 toward position 16 ground is intermit- 
tently connected to the fundamental circuit 
in shunt of sender stepping relay 522 at the 
lower contacts of cam 708. When the send- 
er is satisfied as to its talking selection set- 

- ting, the fundamental circuit is opened at 

25 

the sender through the operation of relay 
525, and relay 714 deenergizes, arresting 
sequence switch 700 in its next stopping po- 
sition. The sequence switch may be arrest- 

sed In any one of three positions; position 

30 

13 which may be a no-charge position, posi- 
tion 14 which is a charging position, and 
position 15 for connections to an operator’s 
position. 

At the sender after talking selection is 
“completed, relay 515 operates connecting 
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battery to conductor 506 in parallel with 
the winding of relay 505. The current in 
this circuit is now sufficient to operate relay 

415 which closes a circuit from battery 
through the left winding of relay 417, left 
contacts, of cam 421, to ground at the left 
‘front contact of relay 415. Relay 417 closes 
a circuit from battery through the winding 

of sequence switch magnet 409, upper con- 
tact of cam 479, outer right front contact 
of relay 417, left back contact of relay 409 
to ground, advancing sequence switch 400 
to position 6. In this position, all of the 

.conductors extending to the sender are 
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opened and the sender is completely re- 
leased.. As soon as sequence switch 400 
leaves position 5, relay 415 releases and in 
turn releases relay 417 unless the sender 

finder 420 is standing on one of its top ten 
terminals. If the latter is true, relay 417 
is held operated in a circuit from battery 
over its left winding, left front: contact, wp- 
per left contact of cam 494, commutator 
‘segment 464, brush 463. to ground. With 
relay 417 operated at this time, a circuit is 
closed from battery through resistance 411, 
winding of relay 409, lower contacts of cam 
414, inner right front contact of relay 417, 
‘lower left contact of cam. 416 to. ground. 
Relay 409 locks through its inner left con- 
tacts to ground at the lower contact of cam 
467 and also closes a second locking circuit 
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for relay 417. With relay 409 operated, a 
circuit 1s closed from battery through. the 
winding of down-drive magnet 465 of the 
sender. finder 420, left contact of cam 412, 
to: ground at the outer left front contact of 
relay 409. When the sender finder reaches 
its lowermost position, a circuit is closed 
from ground over brush 463, bottom com- 
mutator segment 406, upper contact of cam 
456 to resistance 411, shunting the winding 
of relay 409 and causing that relay to re- 
lease and. in turn release relay 417. With 
relay 417 released in position 6, a circuit is 
closed from battery through the winding of 
sequence switch magnet 400, lower right 
contact of cam 476, right back contact of 
relay 417, to ground at the lower left. con- 
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tact. of cam 416, advancing sequence switch - 
400 to position 7. 
When sequence switch 400 reaches posi- 

tion 7, the link circuit is ready to associate 
itself with another district. If another dis- 
trict is standing in position 1 waiting asso- 
cation with a link, a circuit will be closed 
from ground over the lower left contact of 
cam 708 and lower right contact of cam 728 
of that district, contact 393 of jack 374, 
conductor 892, contact of jack 448, contact 
of jack 449, upper contact of cam 416, right 
back contact of relay 415, upper contacts of 
cam 414, winding of relay 413. to battery. 
Relay 413 closes a circuit from battery 
through the left winding of relay 417, left 
front contact of relay 413, to ground at the 
lett back contact of relay 415. Relay 417, 
in operating, closes a circuit for up-drive 
magnet 447 of the district finder 410, lower 
right contact of cam 479, right front con- 
tact of relay 417, left back contact of relay 
409, to ground. The district finder moves 
upward under control of magnet 447 in 
search of the district which is awaiting a 
link. Such a district is identified by battery 
connected over the left contacts of cam 709 
of that district, contact 373 of jack 374, to 
conductor:.366.. Relay 413, in operating, 
closes the same circuit through the right and 
middle windings of relay 415 as it élosed in 
position 2. At this time the test circuit ex- 
tends from ground at the right front con- 
tact of relay 418, through the middle wind- 
ing of relay 415, upper left and lower right 
contacts of cam 421, left winding of relay 
415, right back contact of relay 409, lower 
right and upper left contacts of cam 419, 
contact of jack 449 to brush 451. 

Hf the district for which the district finder 
is hunting does not lie between the last. po- 
sition occupied by the finder and the top of 
its bank, it will continue to move upward 
until brush 453. engages. segment 452, com- 
pleting a circuit over the upper right con- 
tact of cam 408, winding of relay 409, re- 
sistance 411 to battery. The operation of 
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relay 409 opens the test circuit, opens the 
circuit of up-drive magnet 447 and closes ¢ 
circuit. from battery through the winding 
of down-drive magnet 454, lower right con- 

5 tact of cam 412, left front contact of relay 
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499 to ground. The district finder is re- 
stored to its lowermost position under the 
control of magnet 454, at which time a cir- 
cult is closed from eround over brush 453, 
bottom segment 455 of the district finder 
‘commutator, lower right contact of cam 456 
to resistance.411, shunting and releasing re- 
lay 409 which restores the test circuit and 
he circuit of wp-drive magnet 447.. When 
brush 451 encounters terminal 450 to which 
conductor 366 extends, the test circuit is com- 
“pleted and relay 415 ‘operates quickly as in 
the previous case. Relay 415 locks through 
its right winding, the upper contacts of cam 
421, to ground at its lefé front contact, open- 
ing the circuit of relay 417 to deenergize 
magnet 447 and bring the district finder to 
rest on the terminals of the district. With 
relay 415 operated and relay 417 released, a 
circuit is closed from ba Lttery through the 

-winding of sequence switch magnet 400, 
lower left contact of cam 47 6, contact 427 
of jack 428, back contact of relay 413, right 
front contact of relay 415, upper 3 right con- 
tact of cam 416, contacts ‘ot jacks 449 and 
448 to conductor 392. Sequence switch 400 
advances to position 8 in this circuit. 

Relay 415 is held operated in. pesition 8 
from battery at the district over terminal 
450, brush 451, contact of jack 449, upper 
left and lower right. contacts of cam 419, 
back contact of relay 409, left winding of 
relay 415, lower right and upper left con- 
tacts of cam 421, to ground at the left front 
contact of relay’ 415. With relay 415. oper- 
ated, a circuit is closed from ground at the 
left contact of cam 416, right “front. contact 
ot relay 415, upper left contact of cam 429), 
brush. 478, terminal v7, conductor 375, up. 
per left, contact of cam 716, lower right con- 
tact of cam 715, left winding of relay 714 to 
battery. Relay - 714 operates rand closes | a Cir- 
cuit from battery through the winding of se- 
quence switch magnet. 7 700, lower left contact 
of cam T17, outer “left front contact of relay 
714, outer rig ht back contact of relay 302, to 
eround at the upper left contact of cam 705. 
Sequence switch T00 advances to position 2 
in this circuit, releasing relay 714. The ad- 
vance to position 2 removes ground from 
conductor 892 and battery from conductor 
366. ‘The removal of battery from conduc- 
tor 366 opens the circuit of relay 415, and 
that relay releases, closing a circuit from 
battery through the winding of sequence 
swited magnet 400, upper left contact oF 
am 476, right back. contact of relay 415, 

oround at the lower left contact of cam ue 
Sequence switch 400 advances to position 9. 

the link 

; interrupter 7 

7 

The link circuit remains in this position 
until the link circuit standing next.to it in 
the series is advanced from ‘position 1 for 
the purpose of selecting a sender. Link 
cireulé 260 occupying that relationship to 

circuits of Pig. 4, a circuit may be 
traced from ground over the lower contact 
of cam 261, upper right contact of cam 262, 
conductor 263, contact 460 of jack 428, upper 
vight contacts of cams 461 and 462, winding 
of sequence switch magnet 400 to battery, 
advancing the link circuit to position 10 
which is the equivalent of position 1, so that 
the link cireuit is ready to operate in re- 
sponse to the next call in the group. of lines 
served thereby. 

Charge calls initiated by substation 100. 
Ys 
aU will first be assumed that the call which 

has been completed is of such a character 
that a charge should be made for. it, For 
this call, therefore, the district sequence 
switch 700 has been set into position 14 
When the called subscriber responds, clr- 
cuit is compieted for relay 729 extending 
from the tip brush 730, over the upper con- 
tacts of cam 768, the upper right winding of 
repeating coil 760, winding “of relay 799, 
lower right winding of coil. 760, lower eon. 
tacts of cam -770, to the brash 731. Relay 
729 energi 
relay 722 as soon as interr rupter 732 closes its 
lower contact, from battery through the left 
winding of relay 722, the lower contact of 

32, "he lower left and upper 
right contacts of cam 718, the front contact 
of relay 729, to ground at the upper right 
contact of cam 720, Relay 722 upon ener- 
gizing locks to ground at cam 720 over its 
inner left contact, independently of imter- 
rupter 732, and at ‘its outer lett contact pre- 
pares a circuit for advancing the timing 
switch 650 of the registra ation controlling 
circuit. This cizeuit may be traced from 
battery through the winding and armature 
contacts of magnet. 655, the No. 1 terminal 
and brush 654 of switch 650, conductor 610, 
the outer left contact of rela 2 722, the upper 
contact of interrupter 732, thence to ground 
at the upper contact of cam 720. The tim- 
ing switch advances to position 2 in which 
position ground on conductor 610 is extended 
over brush 654 and conductor 611, to battery 
reali the winding of relay 609 and ia 
avallel therewith over conductor 612 .to 

hattory through the winding of charging re- 
lay 335.0 

Relay 335 upon energizing locks over its 
inner right contact to “ground at the left 
contact of cam 720, and at its intermediate 
right contact extends its locking ground 
chr ough the winding of relay 311, ener giz- 
ing the latter relay. This locking ground 
also holds relay 609 energized after the tim- 
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ing switch advances out of position 2. Re- 
lay 609 upon energizing closes a circuit. for 
further advancing the timing switch into 
position 4 under the control of the fast in- 
terrupter 613 which may be traced from 
battery, winding of magnet 655, brush 651 
in. positions 2 and 3, the right front contact 
of relay 609, the upper contact of interrupter 
613 to ground. As soon as the timing switch 
reaches position 4 it is more slowly ad- 
vanced under the control of the slow in- 
terrupter 617 in a circuit which may be 
traced froin battery, through the winding of 
magnet 655, brush 651 and strapped ter- 
minals 4 to 2 22, conductor 614, the outer right 
front contact of relay 707, “conductor 61 6, 
contacts of interrupter 617, conductor 618, 
upper contacts of cam 726 to ground at the 
upper right contact of cam 727. The inter- 
rupter 617 is designed to advance the switch 
650 back to normal in approximately five 
minutes, 

As the timing switch takes its initial steps, 
it advances the recording switch 600 off 
normal over'a path extending from battery, 
winding of stepping magnet 625, conductor 
619, brush 653 in position 3, brush 603° in 
position 1, the outer right back contact of 
relay 615, to ground at the inner left front 
contact of relay 609. When the recording 
switch teaches position 2 it automatically 
advances into position. 8 over a circuit ex- 
tending from battery, through the winding 
and interrupter contacts of magnet 625, 
inner left back contact of relay 615, No. 2 
terminal and brush 603, right back contact of 
relay 618, to ground at the inner left front 
contact of relay 609. 

Hf the conversation continues, the timing 
switch 650 starts a. second revolution and 
again in passing throug zh position. 3 advances 
the reco srding switch 600 into position 4 over 
a circuit ex xtending from battery, winding of 
magnet 625, conductor 619, brush 653. in 
position 3, brush 603 in position 2, the right 
back contact of relay 615 to ground at the 
inner left contact of relay 609. From posi- 
tion 4 the recording switch is automatically 
advanced into position 5 over a circuit ex- 
tending from battery, winding and inter- 
vupter ‘contacts of magnet 625, the outer left 
back contact of relay GL, terminal No. 4 on 
brush 603, thence to eround at the inner 
lefé contact of relay 609, and. into position 6 
over a circuit extending ‘from battery, wind- 
ing and interrupter contacts of magnet, 625, 
the inner left back contact of’ relay G15, 
terminal No. 5 and-brush 603 to ground at 
the inner left. contact of relay 609. 

It will first. be assumed that the conver- 
sation is terminated during the second revo- 
lution of the timing switch and that there- 
fore the recording switch remains standing 
in position 6.. When the calling subscriber 

1,725,757 

hangs up to terminate the conversation relay 
830 deenergizes, opening the energizing cir- 
cuit of relay 707. Relay. 707 is, however, 
held energized over its inner right front 
contact, contact. 736 of interrupter 735, the 
upper contacts of cam 726 to ground at, the 
upper right contact of cam 727 until the 
interrupter opens the contact 786. With re- 
lay V0 released the disconnect relay. 317 
energizes as soon as interrupter 785 again 
makes its contact 787, over a circuit extend- 
ing from battery, lower winding of relay 
BIT, upper contacts of cam 710, “outer lett 
back contact of relay 707, contacts 737 and 
736. of interrupter 735 to ground over the 
upper contacts of cam 726 and the upper 
right contact of cam 727. The interrupter 
735 in conjunction with relay 707 introduces 
a delay in the operation of relay 317 of ap- 
proximately 0.25 seconds so that should the 
calling subscriber accidentally depress the 
switchhook the connection will not be wiped 
out. The operation of relay 317 discon- 
nects the tip and ring conductors of the 
subscriber’s line from the repeating coil 760 
and closes'a circuit for advancing sequence 
switch 700 to position 16... This circuit may 
be traced from battery, winding of magnet 
700, lower contacts of cam 721, innermost 
upper front contact of relay 317 to ground 
at the uper left contact of cam 727. 

A test is now made to determine if the 
ground placed on the tip and ring conductors 
of the calling line at the substation 100 has 
been removed as it should be when the call- 
ing subscriber restores. his receiver ‘to the 
switchhook.. With sequence switch 700 in 
position 16, a circuit is established from 
battery, lower winding of relay 306, inner 
left front contact of relay 811, lower right 
contact of cam 738, to ground "at the lower 
left contact of cam 708. Relay 306 ener- 
gizes extending its operating ground from 
cam 708 over its inner lower front contact 
to the left winding of relay 309 which relay 
operates. At its “outer right front contact 
relay 309 closes. an obvious holding cireuit 
through the upper winding of relay : 306, and 
its inner left contact, closes a locking circuit 
for both itself and relay 309, extending 
through ‘the left normal ‘tontacts of relay 
314 and the inner left normal contacts of 
relay 302, the right contacts of cam 706, to 
ground over commutator segment 312 and 
brush 313. Relay 309 closes a cireuit for 
relay. 707 extending from battery, through 
its winding, the next to outer right front 
contact of “relay 809, the upper contacts of 
cam 706, to ground. over segment 312 and 
brush 318 as soon as the sequence switch 
700 reaches position 16. Relay 309 at its 
inner left and right contacts a also connects 
the winding of relay 308 to the tip and ring 
brushes 334 and 331 of the line finder and 
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thence to the tip and ring conductors of 
the calling line. Relay 308 should not oper- 
ate at this time. 

Relay 306 upon energizing connects ground 
from the lower right contact of cam 705, con- 
ductor 725, inner upper contact of rolay 306, 
conductor 724, over the lower contact of 
interrupter 723, to battery through the right 
winding of relay 7 722. Relay 7 723, locks over 
its inner right contact to ground over the 
circuit just traced, independently of the con- 
tact of interrupter 723, and when the inter- 
rupter closes its upper contact extends the 
ground on conductor 724 over the outer 
right contact of relay 722 to battery, through 
the winding of relay 302. Relay 302 ener- 
gizes opening the locking circuit of relays 
309 and 306 which release in turn releasing 
relay 722. With relay 309 released, a cirenit 
is closed to advance sequence switch 700 to: 
position 17 extending from battery, winding 
of magnet 700, the lower left contact of cam 
718, the outer left back contact of relay 714, 
the inner right back contact. of relay 309, 
to ground at the upper right contact of cam 
705. As the sequence switch enters position 
1624 the holding ground extending to the 
contact 328 of relay 317 is extended over the 
lower left contact of cam 742, the outer right 9 
front contact of relay 311, the intermediate 
right front contact of relay 310 to battery 
through the right winding of relay 300. 
Relay 300 upon energizing extends this 
operating ground over “its right contact to 
battery, through the left winding of relay 
301, causing relay 301 to energize. At its 
outer right back contact relay 300. discon- 
nects battery through resistance 323 from 
the sleeve conductor 112 of the subscriber’s 
line thereby releasing the cut-off relay 102, 
and at its outer right front contact connects 
the sleeve multiple of the calling line 
through the winding of.relay 3387 to ground 
at the upper left contact of cam 727 so that 
should a final selector test the multiples of 
the calling line at this time, the relay. 327 
will be operated to open the message reg- 
istering circuit which, as will hereinafter be 
explained, extends through the back contacts 
of this relay. False vegistr ation is thus pre- 
vented. Relay 102 upon deenergizing con- 
nects the message register 105 assigned to 
the calling substation 100 over the vioht back 
contact of rela vy 102 and the inner right back 
contact of relay 101 to conductor 114. 
When the sequence switch 700 left posi- 

tion 16 relay 707 released. With relay 301 
operated a circuit is now closed to operate 
reliy 615 extending from battery, winding 
of relay 615, conductor 620, outer. left con- 
tact of relay 301, conductor 621, outer left 
front contact of "velay 609, conductor 703, 

- upper contacts of cam 702, upper contacts 
of cam 710, outer left back ‘contact of relay 
707, contact of interrupter 735, upper con- 
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tacts. of. cam 726, to ground at the upper — 
right contact of cam 727. Relay 615 upon 
energizing also closes an obvious circuit for 
relay 607 which also ener eiZes. 

A circuit is now closed to advance the re- 
cording switch 600 to position 7 extending 
from, battery, winding of magnet 625, inner 
left front contact of relay 607, conductor 
628, brush 608 in position 6, right front con- 
tact of relay 615, to ground at the lower 
contact of interrupter 613. With the re- 
cording switch in position 7 a cireuit for 
operating the calling subscriber’s message 
register 105. may be traced from oround 
through the winding of message register 
105, right back contact of cut-off relay 102, 
right back contact of relay 101, conductor 
114, terminal 380,. brush 881, conductor 624, 
brush 605, in position 7, conductor 626, 
right front contact of relay 607, conductor 
627, back contact of relay 337, outer left 
front contact of charging relay 335, resist- 
ance 3389 to battery. From position 7 switch 
600 is advanced into position 10 over a cir- 
euit extending from battery, winding of 
magnet 625, left front contact of relay “6L5, 
brush 603 and strapped terminals 7,8 and 
9, outer right front contact of velay 615 to 
eround at the lower contact of interrupter 
613. As the brush 605 passes position 9 the 
circuit previously traced through the mes- 
sage register is. again closed operating the 
register” a second time. Since relay 615 is 
now operated, the circuit extending from 
rmaagnet 625 over its interrupter contacts, the 
inner back contact of relay 615, No. 10 ter- 
minal, and. brush 603, right pack contact otf 
relay 615, to ground at the inner left front 
contact of relay 609, is open at the contacts 
of relay 615, and the recording switch is 
held in position: 10, and no further charging 
takes place. 

To prevent the subscriber: at substation 
100 from interfering with the operation of 
the message register - 105 during registration 
through’ the operation of line relay. 101, since 
at this time the cut-off relay 102 is deener- 
gized, the line relay 101 is shunted down in 
a circuit extending from battery through re- 
sistance 340, left. contact of relay 310, outer 
left front contact of relay 300, brush 831, 
terminal 832, conductor 116, thence to the 
inner left back contact of relay 102. It is 
thus not possible for the subscriber to oper- 
ate line relay 101 at this time. 
With relay 607 operated a circuit is 

closed from battery, winding of relay 302, 
conductor 608, outer left front. contact of 
relay 607, brush 603 in position 10, outer 
right fr ont contact of relay 615, to eround 
at the lower contact of interrupter 618. Re- 
lay 302 energizes, advancing sequence switch 
700 into position 18 ever a ‘circuit extending 
from battery, winding of magnet 700, upper 
left contact of cam 718, outer + right front con- 
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tact of relay 802 to ground at the upper left 
contact of cam 705. As soon as the sequence 
switch advances out of position 17, relays 
607, 609, 615, 300, 801, 810, 311 and 335 re- 
lease. 

With the sequence switch 700 in position 
18 a circuit is established for the down drive 
magnet 769 of the district selector, extend- 
ing trom battery through the winding of 
magnet 769, upper right ‘and lower left con- 
tacts of cam 715 to ground over the lower 
contacts of cam 708. When the district se- 
lector shaft reaches its normal position, 
brush 743 engages commutator segment 744 
establishing a circuit extending from ground 
at the upper right contact of cam 727, brush 
743, sexment Ad, conductor 745, the inner 
right back contact of relay 609, "brush 602 
and the str apped terminals of its bank, the 
interrupter contacts and winding of step- 
ping magnet 625 to battery. The recording 
switch 600 restores to normal by this cir- 
cuit. With the switch 600 in normal posi- 
tion, ground on conductor 745 is transferred 
over brush 602 and its normal terminal, over 
brush 652 and the strapped terminals of its 
bank through the imterrupter contacts and 
winding of stepping magnet 655 of the tim- 
ing switch, restoring it to normal, All ap- 
paratus of the register controlling. circuit 
of Fig. 6 is now in normal position. 
When the timing switch 1650 reaches nor- 

mal, the ground on conductor 745 is trans- 
ferred over brushes 603 and 652, both in 
normal position, conductor 628, the lower 
right contact of cam 717 to battery through 
the sequence switch magnet 700. The se- 
quence switch advances into position 1 and 
the line finder is restored in the well-known 
manner, 

Should the called subscriber hang up at 
any time during the conversation the tim- 
ing switch 650 will stop upon again reach- 
ing its normal position, since the cirewit 
previously traced for advancing it out of 
normal position to start a new timing cycle 
is dependent on contacts of relay 729 which 
relay is deenergized when the called sub- 
scribed hangs up. 

In the foregoing description it has been 
assumed that the conversation lasted but 
10 minutes requiring two charges. It will 
now be assumed that the conversation lasted 
25 minutes or the limit for which the cir- 
cuit. is arranged to charge. As before de- 
scribed during two revolutions of the tim- 

_ ing switch 6 50. the recording switch has | been 
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advanced to position 6. At this time rel ay 
609 is energized but since the conversation 
is’ still continuing the relays 607. and 615 
have not yet energized. As the timing 
switch rotates through a third revolution 
the circuit of magnet 625 of the recording 
switch is closed ove er brush 653 as it passes 
position. 8, No. 6 terminal and brush. 608, 
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the right back contact of relay 61 5 to ground 
at the inner left contact of rele y 609, ad- 
vancing the recording switch to position 7. 
From position 7 the recording switch ad- 
vances automatically into position 10 over 
a circuit extending through the winding and 
interrupter contacts of magnet 625, the outer 
left back contact of relay 615, strapped ter- 
minals 7,8 and 9 and brush’ 603 cooperat- 
ing therewith, the right back contact of re- 
lay 615 to ground at the inner left contact 
of relay 609. From position 10 switch 600 
is again advanced into position 11 over a 
cirenit extending from ‘battery, winding and 
interrupter contacts of magnet 625, the in- 
ner left contact of relay 615, the No. 10 ter- 
minal and brush 603 of witch 600 to ground 
at relay 609. 

During the fourth revolution of timing 
switch 650 the circuit previously traced for 
advancing switch 600 out of position 6 is 
closed, advancing the recording switch into 
position 12 from which position it auto- 
matically advances as previously described 
into position 18. During the fifth revolu- 
tion of timing switch 650 the cirewit pre- 
viously traced for adv ancing switch 600 out 
of position 6 is again closed, advancing the 
recording switch into “position 19 from 
which position it automatically advances 
as previously described into normal position 
1 and from position 1 into position 4 of a 
second revolution. The circuit for advanc- 
ing it in its second revolution from position 
1 into position 4 may be traced from bat- 
tery, winding and interrupter contacts of 
magnet 625, the outer left back contact of 
relay 615, the strapped terminals 1 to 8 and 
brush 604 of switch 600, the right back con- 
tact of relay 615 to eroun id at the inner left 
contact of relay 609. In this connection it 
is to be noted that the brushes of the record- 
ing switch 600 are paired, brushes 601 and 
603, 608 and 604, and 605 and 606 being 
paired ¢ and the brushes of each pair being 
staggered 180° from each other on the 
switch shaft. By thus aranging the brushes 
the recording switch is provided with 44 
effective terminals without enlarging the 
size of the individual terminal banks. 
When the recording switch reaches posi 

tion 4 of its second revolution it is advanced 
into position 5 over a circuit extending from 
battery through the winding and interr upter 
contacts. of magnet: 625, the inner lefé back 
contact of relay 615, the No. 4 terminal and 
brush 604, the right back contact. of relay 
615.to ground at the inner: left contact of 
relay 609. When the recording switch 
reaches position 5 it does not advance fur- 
ther because the circuit extending from the 
No. 5 terminal with which brush 604 now 
engages, is open at the inner left contact of 
relay 607 and therefore no circuit for the 
stepping magnet 625 is completed. The 
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timing switch, however, continues to rotate 
through successive cycles until the conver- 
sation is terminated but without further ad- 

‘vancing the recording switch. 
When the calling subscriber hangs up to 

terminate the conversation the district selec- 
tor circuit. functions as previously described, 
relays 607 and 615 operate and the further 
adv ance of the timing switch is arrested. 
With relay 607 operated a cireuit is closed 
for advancing the recording switch 600 ont 
of position 5 into position 6 extending from 
battery, winding of magnet 625, inner left 
front ‘contact of relay 607, conductor 629, 
No.. 5 terminal and brush 604, outer right 
front contact of velay 615, to ground at the 
lower contact of interrupter 613. From po- 
sition 6 switch 600 is advanced into posi- 
tion 15 under the control of interrupter 613 
over a circuit extending from battery, wind- 
ing of magnet 625, left front contact of re- 
lay 615, strapped terminals associated with 
brush 604, brush 604, outer right front con- 
tact of relay 615 to eround at the lower con- 
tact of interrupter 613. As the switch 600 
passes through positions 6 to 14 a charging 
circuit is closed extending from message 
register 105, the left back contact of cut-off 
relay 102, the inner right back contact of 
relay 101, conductor 114, terminal 380, brush 
381, conductor 624, strapped terminals as- 
sociated with brush 606, brush 606, con- 
ductor 626, right front contact of relay 607, 
conductor "607, back contact of relay 33 7, 
outer left front contact of relay 335, re- 
sistance 389 to. battery. This circuit being 
closed by brush 606 as it passes through po- 
sitions 6, 8, 10, 12 and 14, five charges are 
registered for the call, 

‘Char ges for calls lasting for one, three or 
four conversational periods of five minutes 
each are charged in substantially the same 
manner as previously described and it is be- 
lieved that a detailed description of the man- 
ner in which the recording switch functions 
for such calls is unnecesary. For a five min- 
ute call, however, switch 600.is advanced to 
position 3 during conversation, and after the 
cell is terminated, advances to position 5, 
and the charging path j is closed but once over 
brush 605 as it passes position 4. For a fifteen 
minute conversation the brush 600 is ad- 
vanced to position 11 during the conversa- 
tion and upon the termination of conversa- 
tion advances to position 17, closing the 
charging path three times as brush 605 
passes through positions 12, 14 and 16. For 
a twenty minute call switch 600 is advanced 
to position 18 during the conversation and 
rotates into position “4 of its second revolu- 
tion upon the termination of the conversa- 
tion, the brush 605. closing the register cir- 
cuit twice as it passes through positions 19 
and 21 of the first revolution of the record- 
ing switch, and the brush 606 closing the 
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register circuit twice more as it passes 
through positions 1 and 8 of the second revo 
lution. 

Charge call initiated. by subscriber 150. 

Had the party at substation 150 initiated 
the call the circuits would have functioned 
in the manner above described except that 
when relay 308 tested with the sequence 
switch 700 in positions 1034 to 1114, no 
ground would have been found and relays 
308 and 310 would not have operated, and 
aiter the release of relays 306, 809 and 722 
sequence switch 700 would advance to posi- 
tion 17. Under this condition as sequence 
switch 700 enters position 1624 to 17 the 
locking circuit of relay 817 is extended from 
the upper winding of relay 317, the lower 
left contact of cam 742, the outer right front 
contact of relay 311, the middle right back 
contact of rélay 310 to battery through the 
left winding of relay 301. The cut-oif relay 
102 is not released since relay 300 is not 
operated. Relay 801 operates in turn op- 
erating relays 607 and 615 to start charging 
operations. From this point the charging 
takes place as previously described except 
that the ‘charging circuit extends from 
ground through the message register 106 as- 
signed to the substation 150, the right front 
contact of relay 102, the. inner right back 
contact of relay 101, conductor 114, terminal 
880, brush 381, conductor. 624, thence as pre- 
viously described through either brush 605 
or 606 of the recording switch to resistance 
389 and battery. 

No charge call. 

li may be desirable to give free service to 
subser ibers when they call into certain zones 
of the exchange area. For such calls the dis- 
trict sequence switch 700 is set into position 
18 for talking. Under this condition the 
charge relay 335 will operate when the tim- 
ing switch first advances through position 2 
and will lock as previously described over 
the lower left contact of cam 720. During 
the conversation the timing switch advances 
as previously described setting the recording 
switch to record the number of unit periods 
of conversation. When the calling subscriber 
hangs up to terminate the conversation, how- 
ever, the district sequence switch 700 ad- 
vances out of position 13 into position 16 
and in so doing opens the locking circuit of 
charging relay 335 which deenergi: izes in turn 
unlocking relays 311, 301, 607, 609 and 615. 

Since relays 335 and 3i1 are now ceener- 
gized, as the sequence switch. 700 . passes 
through positions 1434 to 1514 no circuit is 
established for relay 306, and therefore. re- 
lays 308 and 309 do not function to test the 
calling line. .A circuit is therefore effective 
to advance sequence switch 700 directly into 
position. 17, this circuit extending from bat- 

8 

90 

100 

105 

115 

120 

125



ei
t 

10 

20 

ihe
] 

is
 

40 

60 

63 

12 

tery, winding of magnet 700, the lower left 
contact of cam 713, the outer left back con- 
tact of relay 714, the right back contact of 
relay 309, to eround at the upper right con- 
tact of cam 705, In position 17, relay 302 
energizes over a circuit extending through 
its winding, the right back contact of relay 
dil, the lower left contact of cam 742, the 
inner upper front contact of relay 317 to 
ground at the upper left contact of ¢ eam 727. 
Relay 302 upon. energizing advances the se- 
quence switch 700 into position 18 as -previ- 
ously described. In position 18 the district 
selector restores and upon reaching its nor- 
mal position connects ground te conductor 
745 as previously described returning both 
switches 600 and 650 to normal. The other 
operated apparatus restores as previously de- 
seribed. Efowever, since the charging velay 
385 and relay 607 are not ener wired at the 
time the calling subscriber restores his re- 
ceiver to the switchhook and message regis- 
tration would normaly be effected, no chare- 
ing path is completed to the calling subserib- 
er’s message register.and ther efore no charge 
is made for the call. 
What is claimed is: 
1. In a telephone system, a calling line, 

a called line, means for extending the call- 
ing line to said called line, a call charging 
device for said calling line, a recording 
switch, means operative upon the response 
of the called subscriber and until the calling 
subscriber hangs up for periodically advance. 
ing. said switeh, means operative when the 
calling subseriber he anes up to advance said 
switch. to normal, and a. circuit controlled 
by said switch in its advance to normal for 
operating said charging device a number of 
times which is a measure of the elapsed 
period of conversation. 

2. Ina telephone exchange system, a call- 
ing line, a called line means for extending 
the calling line to said called line, a call 
charging device for said calling line, a re- 
cording ” sywiteh, means operativ ve upon the 
response of the called subscriber and until 
the calling subseriber hangs up for advanc- 
ing said switch ag a measure of the elapsed 
predetermined unit periods of conversation, 
means operative when the calling subscriber 
hangs up to advance said switch to normal, 
and a circuit controlled by said switch in its 
advance to normal for operating said charg- 
ing device once for each elapsed unit period 
of conversation. 

3. Ina telephone exchange system, a call- 
ing line, a called line, means for extending 
the calling line to said called line, a call 
charging device for said calling line,. a re- 
cording switch, means operated upon the 
response of the called subscriber for advane- 
ing said switch, means for thereafter suc- 
cessively measuring off predetermined unit 
periods of cony ersation until the calling sub- 
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seriber hangs wp, means for further advanec- 
ing said switch at the commencement of 
each unit period, means operated when the 
calline: subscriber hangs up to advance said 
switch to normal, and a cireuit controlled 
by said switch in "its advance to normal for 
operating said charging device once for each 
elapsed unit period of conversation. 

4, In a telephone exchange system, a call- 
ing line, a called line, means ior extending 
the calling line to said called line, a call 
charging device for said calling Une, a re- 
cording “switch having a plur ality of stop- 
ping positions, means “operated upon the re- 
sponse of the called subscriber for advancing 
said switch out of its normal position into 
its first stopping position, means for there- 
after successively measuring off. predeter- 
mined unit periods of conversation until the 
calling subscriber hangs up, means for ad- 
vancing said switch to successive stopping 
positions at the commencement of each unit 
period, means operated when the calling sub- 
seriber hangs up to. advance said switch to 
normal, and a circuit controlled by said 
switch in its advance to normal for operat- 
ing said charging device once for each 
elapsed unit period of conversation. 

5. In a telephone exchange system, a cail- 
ing line, a called line, means for extending 
the calling line to said called line, a call 
charging device for said calling line, a re- 
cording “switch havi ing a plurality ot stop- 
ping positions, means operated upon the re- 
sponse of the called subscriber for advancing 
said switch out of its normal position into 
its first stopping position, means for there- 
upon automatically advancing said switch 
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into its first stopping position, means for - 
successively measuring off predetermined 
unit periods of conversation until the call- 
ing subscriber hangs up, means for advane- 
ing said switch out-of successive stopping 
positions at the commencement of each unit 
period whereupon said switch is automati- 

lly advanced to its next stopping position, 
means operated when the calling subscriber 
hangs up to advance said switch to normal, 
and a circuit contr olled by said switch in its 
advance to. normal for operating said charg- 
ing device once for each position in which 
said switch has been arrested during the 
conversational period. 

6. In a telephone exchange system, a call- 
ing line, a called line, means for extending 
the calling line to said called line, a call 
charging device for said calling line, a re- 
cording» switch having a plurality of stop- 
ping positions, means operated upon the 
response of the called subscriber for advanc- 
ing said switch out of its normal position 
into its first stopping position, means for 
thereafter successively measuring off prede- 
termined unit periods of conversation nntil 
the calling subscriber hangs up, means for 
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advancing said switch to successive stopping 
positions at the commencement of each unit 
period, means operated when the calling 
subscriber hangs up to further advance said 
switch through one or more cycles to nor- 
mal, and a circuit controlled by said switch 
in its advance to normal for operating said 
charging device once for each position in. 
which said switch has been arrested during 
the conversational period. 

7. In a telephone exchange system, a call- 
ing line, a called line, means for extending 
the calling line to said called line, a call 
charging device for said calling line, a tim- 
ing switch, a recording switch, means op- 
erated upon the response of the called sub- 
seriber to start said timing switch, means 
for continuing the advance of said timing 
switch through successive cycles until the 
calling subscriber hangs up, each cycle of 
said timing switch measuring a predeter- 
mined conversational period, means con- 
trolled by said timimg switch during each 
cycle for advancing said recording switch, 
means operative when said calling “subserib- 
er hangs up to advance said recording switch 
to normal, and a circuit controlled ‘by said 
recording ‘switch in its advance to normal 
for operating said charging device. 

8. In a telephone exchange system, a call- 
ing line, a called line, means for extending 
the calling line to said called line, a call 
charging device for said calling line, a re- 
cording switch having two sets of terminal 
banks arranged in pairs and a brush for 
each bank, the brushes associated with paired 
banks being disposed 180° apart on the 
switch sha 1, one set of said banks and 
brushes being normally effective, means op- 
erative upon “the response of the called sub- 
seriber and until the calling subscriber 
hangs up for periodically advancing said 
switch, means operative upon a predeter- 
mined advance ot said switch to render the 
first set of banks and brushes ineffective 
and to render the second set of brushes ef- 
fective, means operative when the calling 
subscriber hangs up to advance said switch 
to normal and a cireuit controlled by said 
switch when it is advanced to normal for 
operating said charging device a number of 
times which i is a measure of the elapsed pe- 
riod of conversation, 

9. In a telephone exchange system, a call- 
ing line, a called line, selector switches for 
extending the calling line to said called line, 
means for selectively operating said switches, 
a call charging device for said calling line, 
a recording switch, means operative upon 
the response of the called subscriber and 
until the calling subscriber hangs up for 
periodically advancing said switch, means 
oper ative when the calling subscriber hangs 
up to advance said switch to normal, and 
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a circuit controlled by said switch in its 
advance to normal for operating said charg- 
ing device a number of times which is a 
measure of the elapsed period of conversa-: 
tion. 

10. In a telephone exchange system, a call- 
ing Ine, a called line, selector switches for 
extending the calling line to said called line, 
means for selectivel ly operating said switches, 
a call charging device for said calling line, 
a recording switch, means operative upon 
the response of the called subscriber and 
until the calling subscriber hangs up for 
advancing said switch as a measure of the 
elapsed predetermined unig periods of con- 
versation, means operative when the call- 
ing subscriber hangs up to advance said 
switch to normal, and a circuit controlled by 
said switch in its advance to normal for op- 
erating said charging device once for each 
elapsed period of conversation. 

Ii. In a telephone exchange system, a 
calling line, a called line, selector switches 
for extending the calling line to said called 
line, means for selectively operating said 
switches, -a call charging device for. said 
calling line, a recording ‘switch, means op- 
erated upon the response of the called sub- 
seriber for advancing said switch, means 
for thereafter successively measuring ‘off pre- 
determined unit periods of conversation un- ! 
til the calling subscriber hangs up, means 
for further advancing said switch at the 
commencement of each unit period, means 
operated when the calling subscriber hangs 
up to advance said switch to normal, and a 
circuit controlled by said switch in ‘its ad 
vance to normal for operating said charg- 
ing device once for each elapsed period of 
conversation. 

12. In a telephone exchange system, a 
calling line, a called line, selector switches 
for extending the calling line to said called 
lime, means “for selectively operating said 
switches, a call charging device for said 
calling line, a timing switch, a recording 
switch, means operative upon the response 
of the called subscriber to start said timing 
switch, means for continuing the advance of 
said timing switch through successive cycles 
until the calling subscriber hangs up, each 
yele of said timing switch measuring a pre- 

determined conversational period, means 
controlled by said timing switch during each 
cycle for advancing said recording switch, 
means operative when said calling subscriber 
hanes up to advance said recording switch 
to normal, and a circuit controlled by said 
recording ‘switch in its advance to normal 
for operating said charging device. 

In testimony whereof, I have signed my 
name to this specification this 10th day of 
November, 19927. 

WILLIAM T. HAINES. 
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