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24 Claims.

This invention relates to telephone systems and
more particularly to those systems in which tele-
phone connections are established by means of

sautomatically operative selector switches under
5 the control of a sending mechanism common to
& plurality of subscriber’s lnes.

.It is the object of the invention to improve
the common sending mechanism to render it
more reliable in operation and less expensive to
install and maintaia in efficient operating con-
dition.

Heretofore in sending mechanism of this char-
acter such for exam ple as is disclosed in the Pat-
ent No. 1,862,549, granted June 14, 1932 to R.
Raymond and W. J. Scully, switches of the well-
known sequence switch type have been employed
for performing certain of the operating func-
tions. These switches, of which there are three
in each sender, require the installation of a driv-
ing motor and power shaft on each sender frame.
Since all of the remaining apparatus of the
sender frame is of the relay type, the elimina-
tion of these switches and the substitution there-
for of relays to perform their functions would
considerably’ simplify the maintenance of the
sender and then the entire maintenance of the
sender in good operating condition would be
practically reduced to relay adjustment. The
substitution of relays with their better contacts
for switches having base metal contacts would
give decidedly better circuit operating efficiency.

In accordance with the present invention re-
lays have been provided for performing all of
the functions of the sender, thus eliminating
the sequence switches and the power installa-
tion for driving them. More specifically a train
of sequentially operating relays is employed in
place of the control sequence switch for con-
trolling the selective operations of the selector
switches in accordance with the setting of the
. registers of the sender. A group of transfer re-
" ‘lays and impulse generating relays is employed
for generating and transmitting codes of im-
pulses in accordance with the setting of the
registers of the sender on calls to manual offices
‘equipped with call indicator apparatus and on
calls to tandem offices thus replacing a second
sequence switch which formerly performed these
functions and a group of relays is employed for
performing timing functions to replace a third
sequence switch. The impulse generating re-

10

20

(£
1)

*s
Lt

40

lays not only generate codes of impulses for the -

establishment of manual and tandem -calls, but
also serve for geénerating impulses for timing cer-

55 tain operations of the sender such as a delay

(C1. 179—8.3)

interval during which the calllng subscrlber may
dial a station’s digit and a delay interval for mak-
ing preliminary coin test for the deposit of a
coin if the sender {s equipped to serve calls from
subscriber’s line having coin boxes. 5

A clearer understanding of the inventlon may
be had from a consideration of the following de-
scription in connection with the accompanying
drawings which disclose a complete register send-
er. In general

Fig. 1 shows the coin test circuits, .

Fig. 2 shows the pulse generating relays,

Pig. 3 shows the subscriber class and district
frame recording relays together with certain
general control relays, 15

Fig. 4 shows the timing and monitoring cir-
cuits,

Fig. 5 shows the transfer relays for call 1ndl-
cator pulsing, '

Figs. 6 and 7 show the cross-bar switch used 20
as & dial register,

Fig. 8 shows the incoming recording relays and
the locking relays of the dial register,

Fig. 9 shows the class and compensating re-
sistance registers,

Fig. 10 shows the office registers,

Fig. 11 shows the selection sequence relays, and

Fig. 12 shows the selection control relays and
the counting relays.

This sender is particularly designed to func- 3¢
tion in a telephone. system employing cross-bar
switches. Such a system is disclosed in Patent
No. 2,093,117 granted September 14, 1937 to W.
W. Carpenter, and a general reference is hereby
made to that patent. 85

Ten senders, like the one disclosed, are mounted
on one frame and are associated together in a
group. Of the twenty-nine conductors, by which
the sender is connected to the link circuits, con-
ductors 330 to 350 are multipled to all ten send- 40
ers, whiie conductors 328 to 329 and H2 to 114
are individual to this sender.

‘When the sender is idle, battery is connected
to conductor 328 over the back contact of relay
410 and the outer right back contact of relay 315. 45
When a subscriber originates & call, a line switch.
control circuit and & link control circuit are
taken into use and these circuits function to find
& district circuit or junctor which has access to
a group of. senders, preferably containing more 650
than one idle sender.” The calling line is then
connected to the selected district junctor and .
the sender.

Assuming that the sender dlsclosed has been
seized for service, the link control circult con- 88
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2

" nects ground to conductor 321, completing a di-

10

15

20

25

30

35

40

45

rect circuit for relay 311, and a circuit for relay
312 over the innermost normal contact of relay
315. Relays 311 and 3i2 connect conductors
338 to 349 through to the sender equipment.
‘When the line and link control .circuity operate
the line and link switches, the talking conductors
of the calling line are connected through to con-
ductors 112 and 113, Conductor 112 extends to
ground over the left normal contact of relay 104
and the right back contact of relay 107, while
conductor 118 extends over the right normal con-
tact of relay 109, left normal contact of relay 107,
conductor {15 to battery through the right wind-
ing of relay 310. If the connection over the line
and link switches and the subscriber’s loop is
complete, relay 310 operates, closing a circuit
from ground at the inner right back contact of
relay 309, front contact of relay 310, conductor
351 to the winding of relay 814 and battery. A
circuit also extends from conductor 851 over the
right back contact of relay 815, conductor 827 to
the winding of relay 314 and battery. Relay 314
closes an obvious circuit for relay 3813, which in
turn connects ground from the inner upper back
contact of relay 809, conductor 828, middle right
front contact of relay 313 to conductor 352, there-
by completing a circuit over the front contact of

relay 814 to battery through the winding of relay

815. Relay 815 at its right armature transfers
the circuit of relay 314 from the ground sup-
plied by relay 310 to ground at the contact of
relay 815. Since relay 314 is slow to release, it
maintains its contacts closed during the transfer.
Relay 314 connects ground from its inner right
contact through resistance 365, innermost right
back contact of relay 308, conductor 363, lower
back contact of relay 932 to conductor 114 to
control the district junctor. .

Relay 313 in operating, connects battery
through the winding of relay 315, over the middle
left contact of relay 313 and the second lower
contact of relay 311 to conductor 336 as an indi~
cation to the link control circuit that the line
conductors have been closed.  Ground from the
Hnk control circuit operates relay 315 which locks

- over its third left contact to ground. at the inner

50

56

65

70

. 330 to 333,

75

left contact of relay 313. Relay 315 disconnects
battery from conductor 325 to remove the idle
indication, and closes at its middle right front
contact a point in the all-senders-busy chain cir-
cuit. It also conects ground over its second left
contact to conductor 350 to hold the line and link
switches operated, independent of the line and
link control circuits. In addition it connects
ground over its innermost left contact and the
lowermost contact of relay 31 to conductor 339
as a release signal to the link control circuit.
Furthermore it opens the circuit of relay 312
which releases, opening conductors 340 to 349.
When the link control circuit releases in response
to the release signal, relay 311 also releases, open-
ing the remainder of the common conductors.
During the time that relays 311 and 3{2 were
operated, s registration was made of the class
of service of the calling line and the number of
the district frame involved. This information
is furnished by the link control circuit in the
form of ground to one of the class of service leads
one of the frame tens leads 334 and
335 and one of the frame units leads 340 to 349.
Assuming, for example, that the link control cir-
cuit grounds conductors 331, 335 and 346, relays
303 and 307 will operate and lock over conductor

2,108,360

353 to ground at the inner right front contact of
relay 318.
The frame units indication is registered on the

" cross-bar type dial register 600. To indicate the

relationship between the select magnets and the s

_ switch structure, they have been numbered 610

to 619 although they appear in Figs. 2 and 3.
With conductor 348 grounded, select magnet 613
operates, preparing the contacts of the No. 3 level
of the register. Magnet 613 also extends its op- 10
erating ground over its local contact, and con-
ductor 218 to the winding of relay 8if and bat-
tery. Relay 811 closes a circuit from battery
through the winding of the frame hold magnet
701, inner back contact of relay 801 to ground at 18
the outer left front contact of relay 8(1. Mag-
net 701 operates, closing a locking circuit for
itself through the winding of relay 801, lower con~
tact of magnet 104 to grounded conductor 353.

‘It also closes a circuit from battery through the 20

winding of relay 826, left back contact of relay
825, to ground at the upper front contact of mag-
net 101. Magnet 101 closes the contacts of cross-e«
point 712, at the No, 3 level prepared by the op-
erated select magnet 613. The cross-point con- 25
nects ground to conductor 711, which extends over
the outer right back contact of relay 309 and the
third left contact of relay 316 to the winding of
relay 315 and battery, locking relay 3{5. .

When relay 312 released as previously de- 30
scribed, the circuit of select magnet 613 was
opened and that magnet released in turn releas-
ing relay 811 and permitting relay 801 to.operate
in the locking circuit of hold magnet 701. Cross-
point 712 is maintained closed as long as magnet 35
7101 remains operated.

When relay 314 operated, a circu1t was closed
from ground at its outer right contact through
condenser 354, left winding of relay 310, outer
Tight back contact of relay 405 to the source of 49
dial tone. A tone is thereby induced in the sub-
scriber’s dialing circuit and is heard in the sub-
station receiver as an indication that dialing may
start.

Call to panel office

Assume for the purposes of this description that
the wanted number is Chelsea 3-5678. When the
subscriber dials the first letter C, which is the
equivalent of the digit 2, the circuit of relay 310
is opened twice, causing relay 310 to close its 50
back contact twice. Relays 814 and 815 also re-
lease. Relay 814 is fast both to operate and re-
lease in order that it may follow relay 310 as
closely as possible. Relay 815 is also fast to
release. ' 55

At the first release of relay 814, a circuit is
closed from battery through the winding of relay
825, back contact of relay 8i4 to grounded con-
ductor 352. Relay 8256 operates and is suffi-
ciently slow to: release to remain operated
throughout the impulsing for the digit, in spite
of the repeated momentary breaking of its op-
erating path. Relay 825 in operating, opens the
circuit of relay 826 which releases, remaining re-
leased throughout the reception of the digit 69
impulses.

Relays 816, 817 and 8l8 serve to transmit the
dial pulses over conductors 829 and 830 alter-
nately to the pulse counting or recording relays
819 to 824. At its first release, relay 310 connects
ground from the inner right back contact of re-
lay 308, over the back contact of relay 310 and
the left front contact of relay 314 to conductor
355, right back contact of relay 818, winding of
relay 816 to battery. Relay 816 operates, closing 75
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& circuit from battery through its winding, left
winding of relay 818, back contact of relay 817,
front contact of relay 8186, over the front contact
of relay 825 or the inner right back contact of
relay 826 to grounded conductor 352. This cir-
cuit also extends to grounded conductor 352 over
the outer right back contact of relay 826 and the
normal contacts of relays 811 and 812. Relay
818 does not operate, being shunted by the oper-
ating circuit of relay 816. When relay 310 re-
operates at the end of the first pulse, relay 818
operates, closing a circuit from grounded con-

~ductor 352, inner right back contact of relay

826, left front contact of relay 818, conductor
830, left back contact of relay 826, right back
contacts of relays 822 and 820, winding of relay
819 to battery. Relay 819 locks over its inner
right front contact, normal contacts of relays

- 820, 821, 822, 823, 8i2 and 81 to grounded con-
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ductor 352, thereby recording one pulse.

Relay 818 in operating prepares a circuit from
battery through the winding of relay 817, right
winding and right front contact of relay 818 to
conductor 355. When relay 310 releases in re-

5 sponse to the second pulse, grounding.conductor

355, relay 818 is held operated and relay 811
operates, opening the holding circuit for relay
816 which now releases. At the end of the sec-
ond pulse relays 817 and 818 also release closing
a circuit from grounded conductor 352, inner
right contact of relay 826, left back contact of
relay 818, conductor 829, right back contacts of
relays 823 and 821, outer right front contact of
relay 818, to the winding of relay 820 and bat-
tery. Relay 820 locks over its left alternate con-
tact and the normal contacts of relays 821, 822,
823, 812 and 811 to grounded conductor 352. Re-
lay 820 also opens the locking circuit of relay
819 so that relay 820 alone of the pulse counting
relays remains operated at the end of the digit.
While relay 310 remains operated between digits,
relays 814, 815 and 826 remain operated and re-
lay 825 releases.

The cycle of operations described above for

5 relays 816, 81T and 818 repeats for every two

pulses of a digit. If the number of pulses is even,
as above, the last pulse leaves the three relays
normal. If the number is odd, relay 817 is left
normal and relays 816 and 818 release after re-
lays 815 and 826 have reoperated and relay 826
has released to break all ground connections
which could hold them operated. This triple,
parallel ground serves to establish locking
ground for relays 816 and 818 promptly at the

start of each series of pulses and to hold ‘it -

steadily until well after the end of the series.
When relay 825 closes its left contact follow-
ing the dialing of the first digit, a circuit is

closed from ground at the upper front contact

of magnet 101, left back contact of relay 8285,
left normal contacts of relays 811 and 812, right

- back contact of relay 824, inner right front con-

tact of relay 820 to the winding of select magnet

. 612 and battery. Magnet 612 operates, prepar-

70
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5 ing the No. 2 level of contacts and extends its

operating ground over conductor 218 to the
winding of relay 811 and battery. Relay 811
closes a holding circuit for itself over its right
front contact, normal contact of hold magnet
702 and in parallel therewith over the back con-
tact of magnet T10, front contact of relay 801 to
ground. At the same time it closes a. circuit
from ground over its outer left contact, inner
front contact of relay 801, upper back contact
of relay 802, windings of magnet 102 and auxil-

3

iary magnet 710 to battery Magnet 102 closes

a locking circuit for itself, and the auxiliary hold

magnet 710, through the winding of relay 802,
upper front contact of magnet 102, outer front

contact of relay 881 to ground. The operation .
of relay 811 opened the operating circuit of se-

lect magnet 612 but that magnet is held over
the locking circuit of relay 8fl.
closes the cross-point 713 prepared by magnet
612 and when fully operated opens its normal
contact releasing relay 8(1 and magnet 6i2. The
operation of relay 81! also releases relay 820,
restoring the pulse recording relays, ready for

Magnet 702

10

the next digit. Auxiliary hold magnet 110 closes

cross-point 114 in the correspending vertical. In
addition magnet Ti10 closes a circuit from ground

at its front contact through the winding of relay -

405 to battery, opening the dial tone circuit,

It will be observed from the foregoing that the
release of relay 825 is ineffective to operate one
of the select magnets 610 to 619 until hold mag-
net 701 has been properly operated by the reg-

istration of the district frame number and there-
fore that the first digit dialed cannot be falsely

registered on the first or frame vertical of the
dial recorder.

15 -

20

25

If a false pulse is transmitted, or the digit one

is mistakenly dialed for the first digit, relays 816-

and 818 are operated as above described, in turn

operating relay 819. When relay 825 falls back,

30

the select magnet circuit is closed as above traced. -

" to the back contact of relay 824 and thence over

the inner left front contact of relay 819 to the . =

winding of the No. 1 select magnet 611. This
megnet extends its operating ground to the
winding of relay 812.
lay 812 extends over the front contact of magnet
7102 and therefore cannot be closed until after
the first digit has been registered. Likewise re-

. lay 812 is ineffective to operate magnets 702 and

110 since the ground supplied to the outer left

The locking circuit of re--

40

contact of relay 812 for the purpose of operating -
the hold magnets is opened at the front con-

tact of relay 801 and is not reclosed until mag-
net 710 has closed one of the. cross-points in-its
vertical. Relay 812 opens the holding circuit for
relay 818 so that relay 818, magnet 611 and relay
812 restore in succession and the circuit is in
condition to record the proper digit. :

It may also be noted that relay 812 is effective
to record the digit one on.the frame. vertical
since a ground for operating the frame magnet
101 is supplied over the back contact of relay 80f.

‘The second letter of the office code, H, is the

equivalent of the digit-4 and the relays 816, 8171.

and 818 perform two complete cycles. Relays 819
and 820 operate in response to the first two pulses
as previously described. After the third pulse

relays 817 and 818 are held operated, grounding

conductor 830 and closing a circuit over the left
back contact of relay 826, right back contact of
relay 822, outer right front contact of relay 820
to the winding of relay 821 and battery. Relay
821 locks over its inner left front contact and
the normal contacts of relays 822, 823, 8(2 and
811 to grounded conductor 352, at the same time

opening the locking circuit of relay 820 which re~
At the end of the fourth pulse relays 818, -

leases.
817 and 818 are normal, connecting ground to
conductor 829, to complete a circuit over the right
back contact of relay 823, outer right front con-
tact of relay 821 to the winding of relay 822 and
battery. Relay 822 locks over its inner left front

contact and the normal contacts of relays 823, 812

and 8{1 to grounded conductor 352, releasing re-
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cuit of relay 811 and magnet 614,

4

relay 825 is released as above described connect-
ing ground from the front contact of magnet 701

over the laft back contact of relay 825, left nor- .

mal contacts of relays 812 and 811, right back
contact of relay 824, inner right front contact of
relay 822, to the winding of select magnet 614 and
battery. Magnet 614 prepares the contacts in
the No. 4 level of the switch and extends its op-~
erating ground over conductor 2{8 to the winding
of relay 811, Relay 811 locks itself and magnet
€14 over its front contacts, normal contact of hold
magnet 103, left back contact of relay 818, lower
front contact of relay 802 to ground. At its nor-
mal contacts it opens the locking circuit of relay
821 and the operating circuit of magnet 614 and at
its outer left front contact closes a circuit from
ground, over the inner front contact of relay 801,
upper front contact of relay 802, right back con-
tact of relay 813, back contact of relay 803 to the
winding of hold magnet 703 and battery. Mag-
net 103 closes a locking ecircuit for itself through
the winding of relay 803, front contact of mag-
net 703, left back contact of relay 813, front
contact of relay 802 to ground. When magnet
703 has fully operated it opens the locking cir-
Magnet 703
holds cross-point 620 closed.

In recording the third code digit three, relay
821 is operated and locked, and, on the release
of relay 825, operates select magnet 613 which
prepares the No. 3 level of contacts. Magnet 613
operates relay 811 which, since relay 803 is oper-
ated, locks under the control of magnet 704 and
operates that magnet. Magnet 704 locks in se-
ries with relay 804, locking cross-point 715 and
releases relay 811 and magnet 613.

For the thousands digit 5, relays 819, 820 and
821 are operated and released as before by the first
four pulses, the fifth pulse operating relay 823

. over conductor 830 and the front contact of re-

45
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lay 822. Relay 823 locks in a circuit from bat-
tery through its winding, back contact of relay
819, inner left front contact of relay 823, normal
contacts of relays 812 and 811 to grounded con-
ductor 352. Relay 823 also releases relay 822
and when relay 825 falls back operates select
magnet 615. Relay 811, hold magnet 705 and
relay 805 function to close cross-point 621.
When the hundreds digit 6 is recorded, the first
five pulses cause the successive operation and re-
lease of relays 819, 820, 821, and 822, relay 823,
being operated alone at the end of the fifth pulse.
The, sixth pulse causes the grounding of con-
ductor 829, operating relay 824 over the front
contact of relay 823. Relay 824 locks over its
outer left contact and the normal contacts of

relays 812 and 81f to grounded conductor 352.

Since relay 823 locked over the back contact of
relay 819 it is also operated when relay 825 re-
leases at the end of the digit and a circuit is
closed from ground at the upper front contact of
magnet 101, back contact of relay 825, left nor-
mal contacts of relays 812 and 8{1, right front
contact of relay 824, outer left front contact of
relay 823 to the winding of select magnet 616
which prepares the contacts of the No. 6 level of
the register. Magnet 706 and relay 806 are op-

. erated under the control of magnet 646 and relay

70
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811 to close cross-point 622,

In recording the tens digit 7, relays 819 to 822
are operated and released and relays 823 and
824 operated and locked by the first six pulses
as for the hundreds digit. The seventh pulse
teoperates relay 819 over the back contacts of

2,106,360
lay 821. Since this is the last pulse of the digit,

relays 820 and 822. Relay 819 releases relay 823
and locks over the normal contacts of relays 820
to 823 as before. S8ince relay 824 locked inde-
pendently of the other counting relays it re-
mains operated, and when relay 828 releases, the
select magnet circuit extends over the right front
contact of relay 824 and the outer left front con-
tact of relay 819 to the winding of select magnet
611. Magnets 617 and 181 and relays 811 and

- 807 cooperate to operate and lock cross-point

623.

To record the units digit 8, relays 819 to 823
are operated and released and relay 824 locked.
Relays 819 and 820 are reoperated and relay 819
released for the second time. With relays 820
and 824 operated, select magnet 618 is operated
and cooperates. with hold magnet 708 to lock
cross-point 624. When the seventh and last digit
has been recorded, hold magnets 701 to 108 and
118 are operated and locked through locking
relays 801 to 808. Magnet 708 in opersating closes
a circuit from ground at its lower front contact

through the winding of relay 403 to battery. The-

function of relay 403 will be described
after.

When the office code had been completely re-
ceived, as indicated by the operation of magnet
104, the sender is ready fo summon a decoder.
For this purpose, magnet 7104 closes a circuit
from ground at its lower front contact, conductor
989, winding of relay 930, normal contact of re-
lay 932, lower back contact of relay 933 to bat-

herein-

-tery. Relay 930 connects battery directly to

conductor 940, and over thie normal contact of
relay 931 to conductor 941. The decoder con-
nector responds to this signal to connect the
sender with the decoder over a large number of
conductors as indicated. Conductors 940, 941,
970 and 971, and 321 are contrel conductors.
Conductors 322 to 324 and the conductors shown
at the upper left corner of Fig. 6 are for trans-
mitting to the decoder the code, subscriber class
and frame identification which has previously
been recorded in the sender. Conductors %44 to
948, 951 to 957 and 961 to 963 and the group
shown on Fig. 10, are for receiving the decoded
information from the decoder. The decoder and
decoder connector function as described in the
above identified Carpenter patent.

Since subscriber class relay 303 and frame tens
relay 307 were operated, ground is connected to
conductors 323 and 324 to transmit this informa-
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tion to the decoder. With cross-points 712, 713,

620 and 715 closed in the dial register, conductors
631, 632, 642, 653, 661 and 662 are grounded to
transmit the units digit of the frame indication
and the code designation to the decoder. It isto
be noted that the ungrounded conductors are
connected by the relay or cross-point to one of
conductors 625, 626 and 627. These conductors
are used by the decoder in making a test- of the
continuity of all of the registering conductors
each time that the decoder is used.

Assuming that the wanted number represents
a subscriber’s line in a panel type office reached
by direct trunks from the originating office, after
the decoder has completed its decoding opera-
tion, class relay 921 is operated. None of the
office register relays of Fig. 10 will be operated, but
conductors 947 and 948 will be grounded by the
decoder, operating the skip office relays 937 and
938. Since short direct trunks are to be used,
compensating resistance relays 903, 904 and. 905

are operated. Since this call is to a full me--

chanical office, no fifth digit or stations digit is
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to be expected and relays 934 and 938 are oper-
ated. ) .
Thé decoder from the frame indication received

from the sender establishes a connection with

the district frame and then connects ground to
conductor 32i operating relay 301. Relay 301
extends this ground over its left front contact
to conductor 328 leading through the link switches
to the district junctor where it operates & relay
which in turn extends the lead through the dis-
trict frame connector to another point in the
decoder where another ground is applied to it.
‘This second ground holds relay 301 operated after
the direct connection with the decoder, by way
of conductor 321, has been broken,

Having closed this indirect holding circuit for
relay 301, the decoder connects ground to’'con-
ductor 870, closing a circuit through the winding

of relay 881 to battery at the inner upper front-

contact of relay 930. Relay 931 locks to ground
at its inner upper front contact and at its upper
normal contact opens the ground connected to
start conductor 941, thereby permitting the re-
lease of the decoder connector and in turn of

the decoder. At its lower front contact relay 931

connects ground to conductor 872 which supplies
locking ground for the class and a part of the
compensating resistance relays, for the office
register relays of Fig. 10, and over the bac¢k con-
tact of relay (117 for compensating resistance re-
lays 906 and 807. In addition, ground over con-
ductor 972 extends over the back contact of re-
lay 11f to the right winding of relay (08 which
operates and locks to conductor 972 independent
of relay I{l. The closure of these locking cir-
cults is thus delayed so that the register relays
may be released and set up in a different pattern
if the decoder reroutes the call.

The selection of an outgoing trunk and the
connection of the district junctor to that trunk
take place under the control of the decoder, as
described in the above identifled Carpenter pat-
ent, and when these functions are completed the
decoder removes the ground by which relay 301
was held operated. While relay 301 was operated
it connected ground to conductor 856, front con-
tact of relay 931, conductor 874, winding of re-
lay 1106, conductor 918, to battery at the outer
upper contact of relay 830." Relay {106 operates
in this ‘eircuit and closes a locking circuit for it-

- self through the winding of relay 1118, outer low-

er front contact of relay 1408, to ground at the
upper back contact of relay fili. Relay 1116
does not operate, being shunted by the operating
circuit of relay 1106, When the decoder releases
relay 301, it {s an indication that the connection
has been completed as far as the outgoing trunk
and that the sender may assume control of the
further extension of the connection. Relay (116
then operates to close the fundamental circuit
for trunk test.

When relay 830 operated. connecting battery to
conductor 978 as above described, relay 1218 oper-
ated from ground at the lower back contact of
relay 1212; relay (211 operated from ground at
the lower back contact of relay 1210; relay 1209
operated from ground at the outer upper back

" contact of relay (208 and relay 1285 operated

over the back contact of relay 1232 from ground
at the inner upper back contact of relay 1208.
For a call to a panel type office, the trunk test
circuit should not be closed until after the
thousands digit has been registered and there-
fore, the operation of relay 1106 prepares a cir-
cuit from battery, through the winding of relay

S
1207, inner upper front contact of relay 1106,
conductor 1122, fourth right contact of relay 308,

conductor 368, lower back contact of relay 808
to ground, holding relay 1207 operated until relay

- 805 has been operated. With relay 1207 operated,

an obvious circuit is closed for relay 1208 which
holds the fundamental circuit open until the
thousands digit. has been recorded. Relays 1208
and (285, are also released as long as relay 208
is held operated.

After relay 301 releases, relay 1116 operates
and when the thousands digit has been recorded,
the fundamental circult is closed from the funda-
mental tip. conductor 328, left back contact of

relay 301, conductor 357, lower back contact of -
‘relay 1208, upper front contact of relay 1208,

‘conductor 1240, outer upper front contact of
relay 1106, conductor 1120, inner upper back con-
tact of relay 924, conductor 918, outer upper back

- contact of relay 1208, winding of marginal trunk

test relay 1200, conductor {24t, lower front con-
tact of relay 908, conductor 911, right back con-
tact of relay 215, conductor 219, resistance 918,
outer upper back contact of relay 924, conductor
919, inner upper Iront contact of relay (118,
conductor i2{," front contact of relay 804,
through resistances 811 and 910, front contact

‘of relay 808, conductor 980, right back contact

of relay 30{ to the fundamental ring conduc-
tor 829. o » '

When. this circuit is established and the trunk
and incoming selector are ready, relay 1200 op-
erates, connecting ground over conductor 1242
to the winding of relay 209 and battery. Relay
209 in turn closes a circuit from battery through
the winding of relay 208, left front contact of
relay 209, outer left back contact of relay 215,
conductor 220 to ground at the inner lower con-
tact of relay (209. Relay 208 at its contact
closes & holding circuit for relay 209 to ground
at the left back contact of relay 309. Relay 209
also closes a circuit from battery at the outer
upper contact of relay 930, conductor 975, wind-
ing of relay 1222, windings of relays 1220 and
1221 in parallel, conductor 1243, inner lower back
contact of relay 924, conductor 981, inner lower
front contact of relay 1106, conductor 1123, in-
ner right front contact of relay-209, conductor

6
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221, back contact of relay 1203, conductor 1244

to ground at the outer right front contact of
relay 8315. Relays 1220, 1221 and 1222 lock over

‘the front contact -of relay 1222 to ground at the

outer lower contact of relay 1209. Relay 1221
in operating closes a circuit from battery on
conductor 9716, winding of relay 1101, lower back
contacts of relays #1041, 1112, 11i8, (i14 and
1115, back contact of relay 1204, inner. upper
back contact of relay 1210, front contact of relay
1221 to ground over conductor 1244. Relay 1101
closes a locking circuit for itself through the
winding of relay (Iil, lower front contact of
relay 1101, to ground at the upper back contact
of relay #1112, but relay 1111 does not operate,
being shunted by the operating circuit of relay
1101. Relay 1101 closes a circuit from battery
through the winding of relay 1208, upper front
contact of relay {101, outer upper front con-

tact of relay 1116, to ground at the upper back

contact of relay 1118. Relay 1208 opens the

circuit of relay 1209 which releases, opening the:

fundamental circuit at its upper front contact,
thereby releasing relay - 1200 and opening the
operating circuit of relay 209. At its inner lower
contact relay 1208 opens the circuit of relay 208
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which releases relay 208. At its outer lower con-
tact relay 1208 opens the locking circuit of re-
lays 1220, 1221 and 1222 releasing them.

The release of relay 1221 permits relay (1] to
operate in the locking circuit of relay 1101. Re-

lay {111 in operating opens the locking circuit of

relays 1106 and (116 and these relays release.
‘When relay 116 opens its outer upper front
contact relay 1208 releases, permitting relay
1209 to reoperate. Relay I111 also closes a cir-
cuit from ground at its inner lower front con-
tact through the winding of relay 1206 to hattery
over conductor 915. Relay 1208 locks to ground
on its upper front contact and closes an obvious
circuit for relay 1205. These relays prepare the
sender for incoming and final selections.

With relays 1209 and 1206 operated, the funda-

mental circuit is closed for incoming brush selec-"

tion and extends from the fundamental tip con-
ductor 328 to the upper front contact of relay
1209 as previously traced and thence through
the lower winding of polarized relay §203, wind-
ing of stepping relay 1202, back contact of relay
1220, outer upper front contact of relay 205,
econductor 1§21 and thence to the fundamental
ring conductor 329 as before.

Relay 1202 operates in series with the selec-
tor relay, but the current flow is not in the di-
rection to operate polarized relay 1203. In ad-
dition the winding of relay 1203 is shunted by
a circuit over conductor 1240, upper back contact
of relay 1106, conductor 1124 and resistance 1246.

- The counting relay circuit for incoming brush
selection, closed by relay 1202 extends from
ground over the contact of relay 1202, front con-
tact of relay 1211, back contacts of relays 1233
and 1223, conductor 1248, inner upper front con-
tact of relay (111, over conductor 1125 to the
first left contacts of the thousands vertical of
the dial register 600, over the contact- closed at
cross-point 621, conductor 672, back contact of
relay 1225, winding of relay 1226, to battery over
conductor - 9715. Relay 1226 operates, locking
through the winding of relay 12285, front contact
of relay 1226, back contact of relay 1234 to
ground at the inner lower contact of relay 1209,
but relay 1225 does not operate.

When the selector at the terminating office
sends back the first revertive pulse by shunting
the sender relay, stepping relay 1202 releases
permitting relay 1225 to operate and transfer
the counting relay circuit over the front con-
tacts of relays 1225 and 1235 to the winding of
relay 1224 and battery over conductor 978.
When the revertive pulse ends and relay 1202
reoperates, relay 1224 operates and locks through
the winding of relay 1223 to ground at the outer
lower contact of relay 1209. The second re-
vertive pulse permits relay 1223 to operate. The
counting relay circuit then extends as traced to
the back contact of relay 1233, front contact
of relay 1223, conductor 6710, middle lower front
contact of relay 1205, conductor 1247, outer-
most right contact of relay 308, conductor 359,
lower back contacts of relays 1105 and {104,
conductor 1126, winding of relay (222 and to
battery over conductor 9715. Relay 1222 locks
through the windings of relays 1220 and 1221
in parallel, front contact of relay 1222 to ground
at the outer lower contact of relay i209. When
relay 1202 releases in response to the third re-
vertive pulse, relays 1220 and 1221 operate.

Relay 1220 opens the fundamental circuit to
terminate the brush selecting operation of the

- tacts of relays {118,
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incoming selector. Relay 1224 closes a circuit
from grounded conductor 1244, front contact of
relay 1221, inner upper back contact of relay 1210,
lower back contact of relay 1204, lower back con-
f1i4, 1113 and 1112, outer
lower front contact of relay (111, winding of re-
lay 1102 to battery on conductor 915. Relay
1102 locks through the winding of relay 112,
lower front contact of relay 1102, to ground at the
upper back contact of relay 1113. Relay 1102
also closes a circuit from ground at the outer
upper front contact of relay 111, conductor 1121,
upper front contact of relay 1102, winding of re-
lay 1208 and battery. Relay 1208 releases relay
1209 and these relays further open the funda-
mental circuit. . Relay 1209 also opens the lock-
ing circuits for the counting relays, which there-
upon release, The release of relay 1221 permits
relay (112 to operate in the locking circuit of
relay 1102,
of relays 1101 and (I1l and these sequence re-
lays release. Relay 1102 prepares an additional
circuit for relay 1208 which extends from con-
ductor 1127 over the middle right back contact

of relay 308, conductor 360, back contact of re- :

lay 806 to ground, if the hundreds digit has not
yet been recorded to operate relay 806.

With relay 1111 released and relay 806 oper-
ated, relay 1208 releases, permitting relay 1209
to reoperate and the fundamental circutt is
closed for incoming group selection. In this case
the counting relay circuilt extends from ground
at the front contact of stepping relay 1202 to
conductor 1248 as before and thence over the
inner upper front contact of relay 1112, conduc-
tor 1128, to the left row of contacts of the hun-
dreds vertical, over the contact closed at cross-
point 622, conductor 680, third left contact
closed at cross-point 62f, conductor 618, back
contact of relay 1221, winding of relay (228 to
battery on conductor 975. Relays 1228 and 1221
respond to the first revertive impulse while re-
lays 1226 to 1220 respond to the next three im-
pulses in the same manner as for incoming brush
selection.

Relay {112 opens the locking circuit :

<
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When relays l220 1221 and 1222 operate, the

fundamental circuit is opened as previously de-
scribed. Since relay 1112 is now operated, re-
lay 1221 operates relay 1103 which in turn locks
through the winding of relay 113 to ground at
the back contact of relay 114. Relay 1103 closes
a circuit from ground at the upper front con-
tact of relay 1112, lower front contact of relay
1103, to the winding of relay 1207 and battery.

Relay 1207 in turn operates relay 1208 which re- ;

leases relay 1209, thereby releasing the counting
relays and permitting relay (113 . to operate.
With relay (113 operated, relays 1102 and i1i2
release in turn releasing relays 1207 and 1208 and

- reoperating relay 1209 to establish the circuits

for final brush selection.

For this selection, the counting relay circuit
extends to conductor 1248 as before, over the
inner upper front contact of relay (113, con-
ductor 1129, second left contacts of the hun-
dreds vertical, contact closed at cross-point 622,
conductor 671, front contact of relay 1235, wind-
ing of relay 1224 to battery on conductor 875.
Relays 1220 to 1224 function as previously de-
scribed in response to two revertive pulses.

Relay 1220 opens the fundamental circuit to
stop the final selector. Relay 122{ operates re-
lay 1104 which locks through the winding of re-
lay 1114 to ground at the upper back contact
of relay 1115. Relay (104 operates relay 1208

[+
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" pulse, therefore, operates relays 1234 and 1233,
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which releases relay 1209 to further open the

fundamental circuit and release the counting re-
lays. With relay (221 released, relay-1114 oper-
ates, releasing relays 1103 and 1113. A further
holding circuit for relay 1208 may be traced from
the outer upper front contact of relay 1104, inner
lower front contact of relay 1205, conductor 1249,
second right contact of relay 308, conductor 361,
lower back contact of relay 8071 to ground.
Therefore, the circuit for final tens selection can-
not be established until the tens digit has been
recorded.

When the fundamental circuit is reclosed for
this selection, relay 1202 reoperates closing the
counting relay circuit which extends as previous-
ly traced to conductor 1248, inner upper front
contact of relay ifi4, middle upper front con-
tact of relay 1205, conductor 1250, to the left
contacts of the tens vertical, contact closed at
cross-point 623, conductor 672, back contact of
relay 1225, winding of relay 1226 to battery on
conductor 9715. The first two revertive pulses
operate relays 1226, 1225, 1224 and 1223. Relay
1223 extends the counting relay circuit over its
front contact, conductor 670, middle lower front
contact of relay 1205, conductor 1241, outermost
right contact of relay 308, conductor 359, lower
back contact of relay 1105, lower front contact
of relay (108, conductor 1130, second left row
of contacts of the tens vertical, contact closed at
cross-point 623, conductor 676, winding of re-
lay 1234 to battery on conductor 915. The third

and locks them to ground at the inner lower con-
tact of relay 1209. Thereupon the counting relay
circuit is extended over the front contact of re-
lay (233 to the back contact of relay 1231 and
the winding of relay 1232. In addition, the op-
eration of relay 1234 opens the locking circuits
of relays 1225 and 1226 and these relays re-
lease. The next pulse operates relays 1232 and
1231, which lock to ground at the inner upper
contact of relay 1208. Relay 1232 opens the
circuit of relay 1235 which releases. The next
three pulses operate relays 1230 to 1225, inclu-
sive, and since relay 1235 is released, relay 1225
extends the counting relay circuit over its front
contact and the upper back contact of relay 1235
to the winding of relay 1222. 'The eighth rever-
tive pulse operates relays 1220 and 1221 in the
locking circuit of relay 1222, terminating the
tens selection.

Relay 1221 operates relay (105, which locks

" through the winding of relay {5, inner lower

GO

front contact of relay 1105, upper back contact
of relay 1116, to ground at the upper back con-
tact of relay ({13. Relay 1105 operates relay
1207 which in .turn operates relay 1208, releasing
relay 1209 and the counting relays. The release
of relay (221 permits relay (115 to operate and
release relays 1104 and 114, Relay 1207 is held
operated after relay 1114 releases over the inner
upper front contact of relay 1205, conductor 125f,
outer left back contact of relay 308, conductor
362, outer lower back eontact of relay 924, con-
ductor 981, lower back contact of relay 809 to
ground if registrations have not been completed.

It will be remembered that magnet 708 in op-
erating operated relay 403, and that the decoder
operated delay relays 934 and 835, indicating that
neither five digit numbers nor stations letters
were to be expected. Therefore, as soon as relay
403 operated, a circuit was closed from battery
through the windings of relays 509 and 519 in
series, over the upper front contact of relay 934,

7

conductor 982, fourth left contact closed at cross-

“point 621, conductor 681, inner left front contact

of relay 403, conductor &14, outer lower back
contact of relay 921, outer upper front contact
of relay 931 to grounded conductor 1244. Relays
509 and 519 lock over the outer lower front con-
tact of relay 508 to grounded conductor 1244 and
close a circuit from battery through the winding
of relay 8089, conductor 831, inner lower front con-
tact of relay 5§09 to ground. Therefore, relay 809
operates to permit the closure of the fundamental
circuit for final units selection as soon as the units
digit is registered. Relay 809 also removes the
ground from.conductor 352 to prevent false regis-
tration in case of belated dialing or switchhook

_ manipulation.
The counting relay circuit for final units selec--

tion exténds to conductor 1248, inner upper front

10

contact of relay (115, outer lower front contact .

of relay 1205, conductor 1252, left contacts of
the units vertical, contact closed at cross-point
624, conductor 613 back contact of relay 1221,
winding of relay (228 to battery. Relays l228
to 1223 are operated under the control of the first
three revertive pulses. Relay (223 extends the
counting relay . circuit as traced for final tens
selection to conductor 358, over the outer lower
front contact of relay IIOS, conductor {134, sec-
ond left contact of the units vertical closed at
cross-point 624, to conductor 616. The follow-
ing six pulses operate relays 1234 to 1225, and re-
lays 1222, 1221, and 1220 as previously described.

Relay 1221, when operated, closes a circuit from
grounded conductor 1244, front contact of relay
1221, inner upper back contact of relay 1210,
lower back contact of relay 1204, outer lower front
contact of relay 1115, conductor 913, front con-
tact of relay 938, conductor 974, Windlng of relay
1106 to battery on conductor 915. Relay 1106
operates and closes a circuit for relay (207 over
its inner upper front contact, lower back contact
of relay 1103 to ground at the outer upper front
contact of relay ({15. Relay 1207 operates relay
1208, releasing relay 1209 and the counting relays,
thereby permitting the operation of relay (116
in the locking circuit of relay 1106, releasing re-
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lays 1105, 115, 1201 and 1208 a.nd reoperating

relay 1209.

When relay (208 releases and relay 1209 re-

operates to reclose the fundamental circuit, the
incoming selector at the terminating office trans-
mits a single long pulse of reversed battery over
the fundamental -circuit to the sender. Relays

1202 and 1203 are both operated in response-to

the reversed battery. Relay.1203 locks over its

‘upper front contact to grounded conductor (244,
It also extends this locking ground over the lower-

front contacts of relays 1116 and 1206 to the

. winding of relay {204 and battery. - With relay

1204 operated, the operation of relay (202 closes
a circuit from ground over the front contact of
relay 1202, front contact of relay 12t1,
upper front contact of relay 1204, conductor
1126, winding of relay 1222 to battery on con-
ductor 975. Relay 1222 locks through the wind-
ings of relays 1220 and 1221, front contact of
relay 1222 to ground at the outer lower contact

outer

60

of relay (209. Slightly after the closure of the- -
circuit of relay 1222, relay 1204 closes a circuit :

from ground at the upper back contact of relay
1212, inner upper contact of relay 1204, conduc-
tor 1253, outer upper contact of relay ’90

.ductor 1243, to the windings of relays 1220 lzil

and 1222. The purpose of this circuit is to insure
the operation of these relays in case the reverse
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battery impulse is too short to permit relay 222
{0 operate in the manner above described. It is

also carried over the contact of relay 905 so as

to be ineffective for calls over long trunks where
relay (202 may operate late.

At an interval following the reverse battery
pulse from the incoming selector, direct battery
is connected to the trunk and the selector awaits
+=unk closure by the district junctor. The re-
moval of the reverse battery releases relay 202
permitting relays 1220 and 122( to operate. Re-
lay 1220 opens the fundamental circuit in the
sender to prevent a false trunk closure signal.
Relay 1221 closes a circuit from ground on con-
ductor 1248, front contact of relay 1224, inner
upper back contact of relay (210, lower front
contact of relay 1204, conductor 1254, winding

of relay 809 to battery. Relay 309 locks over

its left contact to grounded conductor 383, mark-
ing the completion of the sender’s function on the
call.

Relay 309 at its inner right contact closes a
shunt around resistance 365, thereby operating
a marginal relay in the district junctor, which
establishes the talking circuit and holding circuits
for the line switches, district and office switches.

Relay 309 also disconnects ground at its inner

.right back contact from the armature of relay

310, thereby releasing relays 814, 815, 314 and
313. Relay 314 disconnects ground from con-
ductor fi4. With relay 309 operated and relay
313 released, relay 318 also releases, opening the
link in the senders-busy chain, disconnecting
ground from conductors 353 and 1244, thus re-

3 moving the off-normal grounds and releasing

the locked relays of the sender. It likewise re-
connects the idie battery to the fourth lower con-
tact of relay 31l1. Furthermore, it disconnects
ground from conductor 350 and the lowermost
contact of relay 311. The disconnection of ground
from conductor 358 releases the sender link
switches and so disconnects the sender from the
district junctor.

Call to cross-bar office

This type of call differs from the call to a
panel type office in only a few minor details since
the incoming sender in a cross-bar office trans-
mits simulated revertive pulses, which cause the
subscriber’s sender to function in the same man-
ner as do the selectors of the panel office, For a
call to a cross-bar office, class relays 921 and 923
are operated. Relay 908 is not operated and
therefore the trunk test employs relay 1201 in-
stead of relay 1200.

The call also differs in that trunk test may not
be made until the hundreds digit has been re-
corded. It will be remembered that relays 1108
and 1116 are operated for trunk test. With class
relays 921 and 923 operated the operation of re-

lay 1108 closes a circuit from battery through the

winding of relay 1201, inner upper front contact
of relay 1106, conductor 1122, fourth right back
contact of relay 308, conductor 358, middle upper
front contact of relay 821, inner lower contact
of relay 923, conductor 983, upper back®contact
of relay 1102, conductor 1127, third right back
contact of relay 308, conductor 380, lower back
contact of relay 808 to ground. Relay 1207 holds
relay (288 operated and the fundamental circuit
open until after the hundreds digit has been re-
corded.
Since relay 921 is operated, a circuit is closed,
‘when relay 93f operates on the release of the
decoder, from grounded conductor (244, outer

2,106,360

upper front contact of relay 931, outer lower front
contact of relay 921, windings of relays 513 and
503 in series to battery. With these relays oper-
ated an additional holding circuit exists for re-
lay 1207 extending from conductor 358 over the
left front contact of relay 826, which is held
operated between digits, conductor 882, inner
lower. front contact of relay 921, outer lower
contact of relay 923, conductor 4i4, outer lower
contact of relay 603, outer upper front contact of
relay 33( to grounded conductor 1244, The trunk
test circuit, therefore, cannot be established until
after the first pulse of the tens digit has been re-
ceived to operate relay 825 and release relay 820

Call through tandem office

In tracing the operation of the sender in con-
trolling the completion of a call through a tandem
office, it will be assumed that the call originates
at a substation equipped with a coin box, that
the wanted office is reached through two distant
office selectors, that the wantfed office employs
party line designations and five-digit numbers
between 10,000 and 10,499 and that Walker 5-1078
is the number of the wanted subscriber.

The seizure of the sender results in the oper-
ation of relays 811 and 312, whereupon the frame
relay and the subscriber class relay are oper-
ated. Frame relay 308 and class relay 305 may

be assumed to be operated. When the tip and

ring conductors are completed through the line
and link switches relay 310 operates, in turn
operating relays 814, 314, 3{3 and 815. Relay
318 is operated over conductor 336 and locks un-
der the control of relay 313. Relay 3158 releases
the link control circuit, holds the link and line
switches and releases relay 312, relay 31i being
released by the link. The units digit of the dis-
trict frame is recorded as previously described,
and assuming it to be the same as before, re-
sults in the closure of cross-point 712 and the
operation and locking of magnet 701 and relay
8681 and the operation of relay 828.

15
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The recording of the wanted number takes '

place in the manner previously described, re-
sulting in the closure of cross-points 690, 71§,
691, 711, 118, 623, 624 and 682 accompanied by
the operation and locking of magnets 701 to 708
and 710 and relays 801 to 808, inclusive. Relays
405 and 403 are operated by magnets 110 and
708, respectively. The seizure of a decoder and
the transfer of the recorded information also
take place as previously described.

Under the conditions assumed, the decoder
grounds certain conductors so that neither of

the stations delay relays 934 and 935 are oper-

ated; compensating resistance relays 902, 903
and 807 may be operated, but relay 908 is not
operated, being used only with calls to panel
offices. Class relay 922 is used for this type of
call. Relay 936 is operated but relays 831 and
838 are not operated. Por controlling. selections
by the distant office selectors, relays 1001, 1013,
1022, 1031, 1032 and 1034 may be operated. These
relays lock under the control of relay 93( with
the exception of relay 907 which is further con-
trolled by relay 111, With class relay 922 oper-
ated, relay 924 operates over the lower front
contact of relay 922 and grounded conductor 872.

Since the stations delay relays indicate that
a fifth digit may be expected, but none is actu-
ally dianled, the operation of relay 809 to indicate
that dialing has been completed is delayed. When
relay 93( is operated by the release signal from

_the decoder, a circuit is closed from grounded
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conductor 1244, outer upper front contact of re-
lay 931, outer lower back contact of relay 921,
conductor 414, inner right front contact of relay
403, conductor 415, outer upper back contact of
relay 889, conductor 833, winding of relay 201 to
battery. Relay 207 starts relays 200 and 201 to
pulsing slowly to measure a three to five second
interval for the reception of the possible fifth
digit.

Relay 200 is a non-biased, condenser-timed
polarized. relay . which closes its front contact

when energized in one direction, closes its back

contact when energized in the other direction,
and leaves either contact closed when not en-
ergized. When current is first passed through
the right winding in either direction, its force
is neutralized by an opposing current in the left
winding caused by the discharge of the timing
condenser 222 and its recharge in the opposite
sense. When the condenser has been discharged
and recharged, current ceases to flow in the left
winding and the right winding causes the arma-
ure to move over from one contact to the other.
The alternate back and forth movement of the
armature can be retarded as desired by selecting
the proper condenser and resistances. Both ends
of both windings are normally connected to bat-
tery, the inner ends in common through contact
223 of jack 212 and resistance 224. The outer
end of the right winding is connected to battery
by way of contact 225 of jack 212, left back con-
tact of relay 213, and resistance 226, back con-
tacts of relays 201 and 208, and resistance 228,
while the outer end of the lefi winding 1s con-
nected to battery by way of contact 229 of jack
212, condenser 222, right back contact of relay
213, and resistances 230 and 228. By shunting
one or the other battery connection with ground,
current is caused to flow through the right wind-
ing of relay 200 in one direction or the other, and
in the left winding always in the opposing direc-
tion. With relay 2i3 normal, the presence of
resistances 226 and 238 causes relay 200 to oper-
ate very slowly for timing stations delay and coin
test. With relay 213 operated, relay 200 oper-
ates quickly "for transmitting call indicator
pulses. With relays 200 and 20 normal, resist~
ance 227 is shunted as above traced, with either

relay operated the resistance is introduced in

series with the right winding of relay 200 to de-
lay the closure of its back contact and thus to
equalize the alternate pulses. The constants for

the pulsing arrangement would be chosen to give.

an average pulse of .065 second for call indicator
pulsing and .5 to .75 second for timing. Jack

212 affords a mean§ for testing the windings of .

relay 200 separately. s

Relay 207 in operating, connects its operating
ground over its inner right front contact, to the
armature of relay 200 and the left armature of
relay 20{, thereby connecting -ground over the
back contacts of these armatures in shunt of bat-
tery through resistance 228.
200 closes its front contact, extending ground
to the winding of relay 201. :Relay 20! in oper-
ating disconnects ground from in shunt of bat-
tery through resistance 228 and connects ground
over its left front contact and the inner left front
contact of relay 207 in shunt of battery through
resistance 224. This reversal of current flow
causes relay 200 to open its front contact and
close its back contact, releasing relay 2001 which
in turn closes its back contact and the cycle re-
peats. Relay 213 is not operated, and therefore
pulsing continues at the slow speed.

Therefore, relay -

9

Relay 201 at each operation completes a cir-
cuit from ground over (ts right contact, conduc-
tor. 231, right back contact of relay 411, conductor
416, inner left back contact of relay 215, to con-
ductor 282. This circuit extends at the first op-
eration of relay 201 over the upper back contact

of relay 516 to the winding of relay 506 and bat-

tery. Relay 506 operates, locking through the

winding of relay 516, inner lower contact of re-
lay 506, conductor 528, right back contact of re-
lay 825, conductor 352, middle right front con~
tact of relay 313, connector 828, inner upper back
contact of relay 809 to ground. Relay 516 re-
mains unoperated, being shunted by the operat-
ing ground for relay 506 until relay 201 releases.
At the second operation of relay 201, relay 507
operates, locking through the winding of relay.
5171 and the inner lower contacts of relays 507
and §06 to ground as traced over conductor 520.
Relay 5§17 operates on the subsequent release of
relay 20f. Similarly the third cycle of operations
by relays 200 and 201 operates and locks relays
508 and 5i8.

With relay 518 operated, the operating circuit
is extended from conductor 232 over the front
contacts of relays $16, 517 and 518, conductor
521, right back contact of relay 108, conductor
{16, upper back contact of relay 519, winding of
relay 509 to battery. Relay 509 operates in re-

-sponse to the next timing impulse and locks

through the winding of relay 519, outer lower
front contact of relay 509 to grounded conduc-
tor 1244, and at the end of the impulse relay
519 operates.- Relay 509 in operating closes a
circuit from battery through the winding of relay
809, conductor 831, inner lower front contact of
relay 509, 'which closes shortly after the locking
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contact closes, to ground. Relay 809 opens the

locking circuit for relays 506 to 508 and 516 to
518 permitting these relays to release, Relay 809
also opens the circuit of relay 201 which releases,

removing ground from the armatures of relays

200 and 20! and stopping the timing pulses.

40

If relay 934 had been operated and relay 935 °

unoperated, indicating that five digit numbers
might be expected, but no stations letters were
used, relays 6509 and 519 would have been oper-
ated as soon as the units digit was received, since
the closure of cross-point 623 (or any one of the
cross-points in the fifth to ninth levels of the
tens vertical) completes a circuit from battery
through the windings of relays 509 and 519 in
series, upper front contact of relay 934, conduc-
tor 982, cross-points 623, 7118 and 7117, conductor
681, inner left front contact of relay 403, con-
ductor 414, outer lower back contact of relay 92i,
outer upper front contact of relay 931 to grounded
conductor 1244,

It will be remembered that it was assumed that
the calling substation was one provided with a
prepayment coin box which was indicated by the
operation of relay 305. With relay 305 operated
a circuit is closed from battery through the wind-
ing of relay ti1, conductor 117, outer right con-
tact of relay 305, conductor 364, inner left back
contact of relay 102, to ground at the right back

contact of relay 105. Relay {11 connects ground

over its right contact to conductor 981 in par-
allel with the back contact of relay 809 to hold
relay 1201 operated and prevent the closure of
the trunk test circuit until the coin test has been
satisfled. Relay 11 also opens the circuit previ-
ously traced for operating relay 105 when the
decoder releases. :

When relay 809 operates to indicate that dial-
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lay 108,

10

test, since relay 105 is unoperated, a circult is
closed from ground at the lower front contact
of relay 8089, conductor 834, left contact of relay
108, through the winding of relay {07 to battery.
The contacts of relay {07 are so arranged that
it first connects ground through resistance {{8
to conductor (18 at its left make-before-break
contact to provide a holding circuit for line relay
310, then disconnects relay 810 and ground from
the subscriber’s line, and then closes ground over
its right and inner left following contacts to the
winding of relay 108, operating that relay. Re-
lay 108 connects the tip conductor of the sub-
seriber’s line over conductor 112, left normal
contact of relay (04, inner left contact of relay
108, middle winding of relay 103, right back con-
tact of relay (02, through the right winding of
relay 108 to ground through resistance 119, It
also connects the ring conductor over conductor
113, right normal contact of relay 109, inner right
front contact of relay 108, right winding of relay
103, outer left back contact of relay 102, left
winding of relay 108, resistance 120, middie right
front contact of relay 108, to the coin collect bat-
tery. If the resistance to ground at the sub-
station is sufficiently low, relay 108 operates, lock-
ing in a circuit from the coin collect battery
through its left winding as traced over its left
front contact, inner right back contact of relay
104, to ground at the right back contact of re-

The line {s then tested to see whether the
ground detected by relay 108 is or is not a di-
rect ground applied for the purpose of obtaining
a free call. Relay (06 closes a circuit from bat-
tery over its right contact through the winding
of relay 102 to ground at the right back contact
of relay 105. Relay 102 disconnects the line con-
ductors from relay (08 and extends the tip con-
ductor 112 over its outer right front contact to
the left winding of relay 101, and ground at the
right back contact of relay (08, It also extends
the ring conductor 118 over its inner right con-
tact through the right winding of relay {01 to
the middle right front contact of relay 108 and
the coin collect battery. If the ground at the
substation is the high resistance one due to a
coin In the box, relay 10 will not get enough
current to operate, but it does operate if a direct
ground is present. Relay (02 opens the operat-
ing circult of relay (11 which releases, in turn
releasing relay 1207 and closing a circuit from
battery through the right winding of relay 108,
back . contact of relay I(ff, conductor 8712, to
ground at the inner lower front contact of relay
931. Relay 105 locks over its right front con-
tact to grounded conductor 872, at its right back
contact releases relays 102 and {08 and at its
left contact opens the circuit of relay (07 which
releases in turn releasing relay 108.

The operation of relay 105 indicates the com-
plete satisfaction of the coin test and sender
functions may now proceed. The operation of
the colin test circuits under unstandard conditions
will be described hereinafter.

During the coin test, at which time relay 310
which controls the release of the sender is held
operated in the local circuit above traced, the

release of the sender is maintained under con-

trol of the switchhook by the use of relay 103.
This relay is polarized by a circuit from coin
collect battery, middle right front contact of re-
lay 108, resistance 121, lett winding of relay 103
to ground through resistance 118. Wwith the re-

2,108,360
ing has been completed and the lne free for coin -

ceiver off the switchhook, relay 108 operates in
any of the coin test circuits above traced. If
the receiver is restored to the switchhook, relay
103 releases connecting battery through re-
sistance 122 over the back contact of relay 103
and the second left contact of relay 108 to con-
ductor 118 in shunt of ground through resistance

118, thereby releasing relay 310 to cause the re- .

lefase of the sender as will be deseribed herein-
after.

In the meantime, office selections may be in
progress under the control of the office registra-
tions set up in the sender by the decoder. When
the decoder operated relay 301, since the skip
office relay 837 had not been operated, a circuit
was closed from ground at the middle right front
contact of relay 301, conductor 386, back con-
tact of relay 931, conductor 984, winding of re-

10
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lay (103 to battery over conductor 975. Relay .

1108 locks in a circuit through its winding and

the winding of relay (113, inner upper contact of

relay 1103, to ground at the upper back contact

of relay ti114. Relay 1113 remains unoperated,
being shunted by the operating circuit of relay
1103 until the decoder releases relay 30f as a

"signal that the connection with the first distant

office selector has been established. :
With relay {113 operated, the fundamental cir-
cuit extends from conductor 328, left back con-
tact of relay 801, conductor 387, lower back con-
tact of relay 1208, upper front contact of relay
1209, conductor 1240, outer upper contact of re-
lay 1108, conductor 916, outer upper back con-
tact of relay 1208, winding of relay 1201, shunted

by resistance 1280 and condenser 1282, conductor !

1288, back contact of relay 908, conductor 971,
right back contact of relay 218, conductor 218,
resistance 978, conductor 885, inner lower front
contact of relay 118, conductor 132, upper back
contact of relay 808, upper front contact of relay
902, resistance 908, upper back contact of relay
901, resistance 812, upper front contact of relay
807, conductor 880, right back contact of relay
301 to conductor 328. :

If the outgoing trunk and office selector are
normal, relay 1201 operates, closing a circuit from
ground over its contact, conductor 12586 through
the winding of relay 208 to battery. Relay 208
closes & circult from battery through the winding
of relay 208, contact of relay 208 to ground at the
left back contact of relay 309. Relay 209 closes
a holding circuit for relay 208 over the left front
contact of relay 209, outer left back contact of
relay 2186, conductor 220 to ground at the inner
lower contact of relay 1209 which operates as

previously described when the decoder is re--

leased. Relay 209 also closes a circuit from bat-
tery on conductor 915, winding of relay 1222,
windings of relays 1221 and 1220 in parallel, con-
ductor 1248, lower back contact of relay {108,
conductor 1128, inner right front contact of relay
209, conductor 221, back contact of relay (203,
to grounded condugtor 1244. Relays 1220, 1221
and 1222 lock over the front contact of relay 1222
to ground at the outer lower contact of relay
1209. Relay 1221 closes a circuit from ground on
conductor 1244, contact of relay 122{, inner up-
per back contact of relay (210, back contact of
relay 1208, lower back contacts of relays (118
and (114, outer lower front contact of relay 11183,
winding of relay 1104 to battery over conductor
975. Relay 1104 locks through the winding of

‘relay 1114, inner upper contact of relay (104, to’

ground at the upper back contact of relay 118,
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but relay 1114 does not operate, being shunted by
the operating circuit of relay 1104,

Relay 1104 closes a circuit from battery through
the winding of relay 1208, outer upper contact of
relay 1104 to ground at the outer upper front con-
tact of relay 1113, Relay 1208 releases relay (209
and both relays open the fundamental cireuit re-
leasing relay 1201. Relay 1209 also opens the
locking circuit for relay 208 which in turn releases
relay 209 and the locking circuit for relays 1220,
1221 and 1222. The release of relay 1221 permits
relay {114 to operate and prepare the sender for

“first office brush selection, Relay (14 opens the

locking ecircuit of relays (103 and 113 which re-
lease, in turn releasing relay 1208 which permits
relay 1209 to reoperate and reestablish the funda-
mental circuit, : ’
The fundamental circuit for fifst office brush
and group selections extends as previously traced
to conductor 1240, through the lower winding of
relay 1203, winding of relay 1202, back contact

of relay 1220, outer upper back contact of relay’

1205, inner lower front contact of relay t1{4, or
for the subsequent selection over the similar con-
tact of relay 1115, to conductor 1132 and thence,
as traced, for the first office test. Relay 1202 oper-

. ates, closing a counting relay circuit under the
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control of first office brush register (020 which
may be traced from ground at its contact, front
contact of relay 1211 which was operated as pre-
viously described, back contacts.of relays 1233 and
1223, conductor 1248, inner upper front contact
of relay i114, inner upper back contact of relay
1205, conductor 1257, inner upper back contact
of relay {1071, back contact of relay 1023, upper
front contact of relay 1022, lower back contact of
relay (02!, conductor 612, back contact of relay
1225, winding of relay 1228, to battery over con-
ductor 875. In the manner previously described,
the first two revertive pulses cause the operation
of relays 1226, 1225, 1224 and 1223. With relay
§223 operated, the counting relay circuit is ex-
tended from the back contact of relay 1233 over
the front contact of relay §223, conductor 670,
inner lower back contact of relay 1205, upper back
contact of relay {105, conductor {126 to the wind-
ing of relay 1222, The third revertive pulse,
therefore, results in the operation and locking of
relays 1220, {221, and 1222 and the termination
of the selection. Since relay 1114 is operated,
relay 221 operates relay 105 which locks
through the winding of relay {15. Relay (185
operates relay {207 which in turn operates relay
1208, releasing relay 1299, after which the count-
ing relays release, permitting relay t{15 to oper-
ate, release relays 1104 and 1114, 1207 and 1208
and reestablish the fundamental circuit,

For first office group selection, the counting
relay circuit is under the control of register 1030
and extends as previously traced to conductor
1248, over the inner upper front contact of relay

1118, outer lower back contact of relay 1205, con-

ductor 1258, lower back contact of relay i117,
back contact of relay 1833, upper front contact
of relay 1032, outer lower front contact of relay
1031, conductor 613, back contact of relay 12217,

‘winding of relay 1228 to battery over conductor

918.: Three revertive pulses operate relays 1228,
1227, 1226, 1225, 1224 and 1223 in succession, re-
lays 1225 to 1228 locking ‘under the control of
relay 1234 and relays (223 and 1224 to a contact
of relay 1209. With relay 1223 operated, the
counting relay circuit is extended as above to
conductor 670 and thence over the inner lower

‘back contact of relay’ 1205', outer upper front

11

contact of relay 1108, outer upper back contact

“of relay (107, upper front contact of relay 1034,

conductor 678, winding of relay 1234 to battery
on conductor §75. The next or fourth revertive
bulse operates relay 1234 which locks through the
winding of relay 1233 to ground at the inner lower
front contact of relay 1209. Relay 1234 opens the
locking circuit of relays 1226 to {228 and these

relays release. Relay 1233, which operates at the .

end of the pulse, transfers the counting relay cir-
cuit from the armature of relay 1228 to the arma-
ture of relay 1231 and the next four pulses oper-
ate relays 1232 to (225 in turn. Relays (231 and
1232 lock to the inner upper back contact of

relays 1208 and relay 1232 releases relay $235.

Relays 1230 to 1225 lock over the back contact
of relay 1235 to ground on conductor 220. With

10
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relay 1235 released, the operation of relay 1225
extends the counting relay circuit to relay 222 .

to terminate the selection after the reception of

the ninth revertive pulse. ) ,
Since relay 938 is not operated, indicating that
second office selections are to be made, the oper-

ation of relay 1221 in the locking eircuit of relay 85

1222 completes a circuit which extends as pre-
viously traced to the outer lower armature of
relay 1115, over the front contact of that arma-
ture, conductor 973, back contact of relay 938,

conductor 986, winding of relay 1107 to battery ‘s

over conductor 975. Relay 1107 closes s locking
circuit through the winding of, relay {111 to
ground at inner lower front contact of relay 11071
and at its outer lower front contact connects

ground over the outer upper back contact of relay _
85

1117 to the winding of relay 1103. Relay (103
operates and closes the previously traced lo¢cking
circuit through the winding of relay 1113.

Relay 1103 closes a circuit from battery through
the winding of relay 1201, lower front contact

of relay 1103 to ground at_the outer upper front:

contact of relay 1115. Relay 1207 operates relay
1208 and releases relay {209 to further open
the fundamental circuit which was first opened
by relay 1220, Relay 1209 releases the counting

relays permitting relays (11T and (113 to operate.:

Relay ({18 opens the locking circuit for relays
1105 and {1(5 and they release. Relay {115 re-
leases relays {207 and 1208 in turn operating re-
Iay {209 and reestablishing the fundamental cir-
cuit for the second office test. Relay I1i7 closes
a circuit from battery through the lower winding
of relay 938, inner upper front contact of relay
{17 to grounded conductor 912, At the same
time, relay 1147 opens the locking circuit of re-
lays 906 and 807 and they release.

The second office test takes place in the same
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manner as the first office test above described

except that, since relay 907 is released; resistance
812 is not included in the fundamental circuit.

As the resuit of this test relays 1104 and I1(4~gg

operate.

Second office brush selection takes place with
relays 1104 and 114 operated and differs from
the first office brush selection only in that the
counting relay circuit extends from conductor

" 1267 over the inner upper front contact of relay

r107 to register 10060 and thereover the back con-

tacts of relays 1003-and 1002, upper front con-

tact ‘'of relay 1081, conductor 671, front. contact

‘85

of relay 1235 to the winding of relay 1224..4¢

Therefore, two pulses satisfy the condition set
up on register 1000. Relays 1105 and {115 then
operate in the manner previously described.

" Similarly, second office group selection takes

place with relays (105 and {115 operated, with:

515
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the counting relay circuit extending from con-
ductor 1288 over the lower front contact of re-
lay 1§17 to register 1010 and thereover the upper
front contact of relay 1013 to conductor 874, back
contact of relay 1229 to the winding of relay 1230.
Por this selection, when relay 1223 operates in
response to the fourth revertive pulse, thie count-
ing relay circult is extended over conductor §76
and the inner lower back contact of relay 1208 as
before, and thence over the outer upper front
contact of relay 1108, outer upper front contact

. of relay 1107, back contact of relay 10f4 to con-
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ductor 1128 and the winding of relay 1222 to
complete the selection. .

Since relay 838 has now been operated, the
operation of relay 122(--closes a circult from
ground on conductor (244 to the outer lower
armaturec of relay 1118 as previously traced and
thence over the front contact of that armature,
conductor 973, upper front contact of relay $38,
conductor 974, winding of relay (108 to battery
over conductor 976. Relay 1108 locks through
the winding of relay {16, outer lower front con-
tact of relay 1106 to ground at the upper back
contact of relay 1i1i. Relay (108 closes & cir-
cuit from battery through the winding of relay
1207, inner upper front contact of relay 1168 to
conductor 1122 which receives ground over the
back contact of relay {103 and the outer upper
front contact of relay 1118, Relay (207 functions
in the usual manner releasing the counting re-
lays and permitting relay {116 to operate. Relay
{118 releases relays 1108 and (116 removing
ground at this point from conductor 1122. If at
this time dialing has been completed as evidenced
by the operation of relay 809 and the coin test
above described has been satisfled as indicated
by the operation of relay (06, the auxiliary
grounds supplied by these relays are removed and

relay 1207 may release to permit the closure of

the fundamental circuit for trunk test.

The fundamental circuit for trunk test in the
case of & call indicator call extends as previously
traced from conductor 328 to conductor 1246,
through the lower winding of relay 1203, inner
upper back contact of relay 1208, winding of re-
lay 1201, conductor 1288, back contact of relay
805, conductor 911, right back contact of relay
218, conductor 219, outer upper front contact of
relay 824, conductor 979, inner upper front con-~

“tact of relay 11§86, conductor {121, back contact

of relay 904, resistance 910, front contact of re~
lay 903, conductor 880 and back to conductor
329. Since relay (106 is operated, the shunt
through resistance 1248, closed around the wind-
ing of relay 1203 during selections, is opened.
Relay 1201 operates from battery and ground at
the tandem office, in turn operating relays 208
and 209 which lock under the control of relay
1208.

When relay 403 operated under the control of
magnet 708 in résponse to the registration of the
units digit, & circult was closed from battery
through the winding of relay 481, back contact of
402, conductor 417, back contact of relay (10,
conductor 123, outer left front contact of relay
403, left front contact of relay 498, back contacts
of timing relays 406, 407, 408 and 409 to grounded
conductor 353. Relay 481 closes a locking eircuit
for itself which extends over the operating circuit
to conductor 123 and thence over the outer right
contact of relay 401 directly to grounded con-
ductor 353. Therefore, when relay 209 operates,
it closes a circuit from battery through the wind-
ing of relay 213, conductor 233, left front contact

9,106,360
of relay 481, conductor 418, outer upper front

contact of relay 922, inner lower front contact

of relay 924, conductor 887, inner lower front’

contact of relay 1108, conductor 1123, inner right
front contact of relay 209, conductor 22/, back
contact of relay 1203 to grounded conductor 1244,
Relay 213 closes a locking circuit for itself ex-
tending over conductor 233, left contact of relay
404, conductor 418, inner left front contact of
relay 213 to ground at the left back contact of
relay 309. Relay 213 removes resistances 226 and
220 from the circuits of relay 200 preparing it to
operate at its fast rate. Relay 213 also closes
an obvious circuit for relay 244 which ia turn
operates relay 2(8. Relay 21§ opens the locking
circuit for.relays 208 and 209 but these relays
remain operated under the control of relay 1204.

Relay 218 also opens the fundamental circuit as

above traced but, as soon as relay 214 operated,
a substitute circuit was closed extending from
conductor 817 over the outer right front contact
of relay 209, inner left front contact of relay 214
to conductor 121, holding relay 1201 operated
under the control of the distant tandem selector,
Relay 215 also closes a shunt around the winding

_of relay 1203 which may be traced from the inner

upper back contact of relay 1208 over the outer
upper back contact of that relay, conductor 976,
right front contact of relay 218, conductor 1120,
outer upper front contact of relay {1068 to con-
ductor (240 so that relay 1203 may not respond
to false pulses of current. To prevent the re-
lease of relay 209 and the start of pulsing before
the proper condition has been established, & hold-
ing circuit is provided for relay 208 over the left
front contact of relay 209, left back contacts of
relays 207 and 202, outer left front contact of
relay 214 to grounded conductor 220.

Relay 214, in operating, connected ground over
its inner right contact to the armatures of relays
200 and 20(1 and over its middle right contact
and the right back contact of relay 207 in shunt
of battery through resistance 228. This connec-
tion operates relay 208 to close its front contact,
operating relay 20f. Since relay 207 is not oper-
ated at this time, the operation of relay 201 is in-
effective to release relay 280 and relays 200 and
201 remain operated ready to start pulsing. Since
relay 215 is operated, the circuit closed at the
right contact of relay 281 extends from ground
at that contact, conductor 231, right back con-
tact of relay 411, conductor 418, left front con-
tact of relay 218, left normal contact of relay
202, winding of relay 202 to battery through re-
sistance 231. The circuit also extends to the
winding of relay 203 but this winding is shunted
over its back contact so that relay 202 operates
alone, locking over its alternate contact to ground
at the inner right contact of relay 2{4. With
relay 208 operated and either relay 210 or 203
non-operated, a circuit is closed from ground
over the front contact of relay 200, outer right
back contact of either relay 210 or 203 through
the winding of relay 211 to battery.

When the distant tandem selector and sender
are ready to receive the wanted number, battery
and ground are removed from the fundamental
circuit and & dry bridge through the usual set
of recelving relays is substituted therefor. Relay
1201 releases, in turn releasing relays 208 and
208. With relay 2{4 operated and relay 209 re-
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leased, the fundamental tip conductor is extended

from conductor 328, left back contact of relay
381, conductor 387, middle left contact of relay
214, inner left back contact of relay 209, left
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back contact of reiay 210 to conductor 235. The
fundamental ring conductor extends from con-
ductor 329, right back contact of relay 80(, con-
ductor 980, upper front contact of relay 903, re-
sistance 919, back contact of relay 904, conductor
1121, inner left contact of relay 214, right back
contact of relay 209, inner right back contact of
relay 210 to conductor 236.

The release of relay 209 also closes a circuit
from ground at the inner right contact of relay
214, outer left back contact of relay 209 to the
winding of relay 207 and battery. Relay 201
locks to the inner right contact of relay 2i4.
Relay 20T removes the shunt from battery
through resistance 228 and connects the left front
contact of relay 20{ over the inner left contact
of relay 207 in shunt of resistance 224, thereby
starting relays 200 and 20 to pulsing as pre-
viously described. Relay 200 opens its front con-
tact, releasing relay 201 which opens the shunt
around the winding of relay 203 and that relay
operates. . When relay 20§ next closes its right
contact, it connects ground over the left front
contact of relay 203 to resistance 237 in shunt
of the winding of relay 202. Relay 202 releases
but relay 203 is held operated over the make-
before-break contact of relay 202 first to the lock-
ing ground of relay 202 and then to ground.at
the contact of relay 20f. When relay 201 re-
leases, relay 203 also releases. Relays 202 and
203 repeat this cycle of operations under the con-
trol of relay 201 until the designation has been
completely transmitted. Each complete cycle
generates four pulses to transmit one digit, as

follows:
Palse | “Relay 201 | Relay 202 | Relay 203
1 Operated | Operated | Released
2 Released | Operated Operated
. 8 Operated | Released erated
4 Released | Reloased | Released

Relay 28{ operates in parallel with relay 281,
being operated for the odd pulses and released for
At each operation, relay 21{1(
closes a circuit from battery through the wind-
Ing of relay- 288, left contact of relay 214, outer
right contact of relay 207 to ground at the middle
right contact of relay 214. Relay 21 1 serves to
alternately connect ground to the fundamental
ring conductor for the odd pulses and to the fun..

damental tip conductor for the even pulses. Dur-"

ing the odd pulses, the connection of the fun-
damental- tip conductor to the armature of re-
lay 217 becomes effective to supply-either mo-
mentary ground from the back contact of relay
206 or battery under the conirol of the dial reg-
ister to that conductor. During the even pulses,

"the connection of the fundamental ring con-

ductor to battery through. high resistance 234

" becomes effective by the removal of the shunting

76

ground at the contact of relay 2f1. An addi-
tional connection to battery through low resist-
ance 233 is supplied by the operation of relay 216
under the control of the dial register according
to the code to-be transmitted.

In general, relay 217 is operated in a circuit

from hattery through its winding, inner right -

front contact of relay 313 to the inner right
armature of relay 203. With this relay released
either before pulsing or in the fourth pulse period,
the circuit extends over conductor 240 to con-
tacts in the No. 1 and No. 6 levels of the dial
register to operate relay 211 in readiness to send

13

out a positive pulse in the first pulse period as -

called for by the code for these digits. With re-
lay 203 operated in the second pulse period, the

circuit extends over conductor 241 to contacts -

in the No. 4 level to operate relay 217 in readi-
ness to send out a positive pulse in the-third pulse
period. "Similarly, the circuit for relay 216 ex-
tends over the outer right front contact of re-
lay 313 to the right armature of relay 202. Re-
lay 202 being operated in the first pulse period,
the circuit of relay 246 is extended over conductor
242 to contacts in the No. 2 and No. 7 levels to
prepare for sending a heavy negative pulse in the
second -pulse period. When relay 202 releases
in the third pulse period, the circuit of relay 218
extends over conductor 243 to contacts in the No.
5, No.-6, No. 7, and No. 8 levels. .
To save contacts on the dial register, when a
heavy negative pulse follows a positive pulse di-
rectly as in the codes for the digits three, eight
and nine, relay 204 is operated over conductor
245 and contacts of levels No. 3 and No. 8 and
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relay 203 is operated over conductor 244 and con-

tacts of level No. 9 to supply the circuits for
operating relays 216 and 217. »

It may be noted that conductors 240 to 243 also
extend to contacts in levels other than those
mentioned above. These contacts occur in the

~ thousands and statfons vertical which are Cross- |

connected according to a different code arrange-
ment as will appear from the following table, in
which “n” represents a light negative pulse, “N”

& heavy negative pulse, “p” a positive pulse, and

“—" a blank pulse:

Thousands | Stations
dlgit digit | aigit | Code
(1} 0 [1} —n—n
1 2 1 po—n
2 4 W9 —N—n
3 [ R(7 pPN—n
4 8 J(5 -—npn
5 1 B3(6) —n—N
8 I R, pn—N
7 - 2 PO —N—N
8 7 pN-—N
9 t R SR —npN

Since the first digit to be transmitted is 9,

30

35

Corresponding to the code letter W, no circuit -
is provided for operating relay 217 for the first

bulse period and with relay 211 operated for
that perlod, the fundamentsl ring conductor is
connected to ground over the front contact of
relay 2i{ while the tip conductor extends over
the back contact of relay 217 to ground-at the
back contact of relay 206 until that relay oper-
ates, thereby discharging the cable conductors at
the beginning of a blank pulse.

Since during the first pulse period no circuit
is provided for relay 216, during the second pulse
period the fundamental ring conductor extends
to battery through high resistance 234 and the
fundamental tip conductor extends to ground at
the normal contact of relay 211, transmitting a
light negative pulse to the tandem office, .

When relay 214 operated, it closed 2 circuit
from ground at its outer right contact, con-

.ductor 522, lower back contacts of relays 513 and

511, cross-point 692, conductor 244, winding of
relay 205 to battery. Relay 205 operates connect-
ing ground to conductors 241 and 243. There-
fore, when relay 203 operates for the second pulse
period, relay 21T operates, connecting battery
through high resistance 246 to conductor 235.
Since relay 211 is not operated during the second
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pulse period, this battery is shunted by ground

_ at the normal contact of relay 211 and is, there-
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fore, ineffective at this time.

For the third pulse period, relay 211 reoper-
ates, grounding the fundamental ring conductor,
shunting the battery through resistance 234, per-
mitting the connection of battery to the funda-
mental tip conductor to become effective and
transmitting & positive pulse to the tandem office.
During this period relay 202 releases, connecting
the winding of relay 218 to conductor 243 which
is grounded by relay 208, Relay 216 connects
battery through low resistance 239 .in parallel
with battery through resistance 234 to conductor
238. Since relay 211 is operated, this battery is

shunted by ground at the front contact of that -

relay and is ineffective. When relay 202 releases
for this period, it closes a circuit from battery
through the winding of relay %01, upper back
contact ef relay 5§11, upper back contact of relay
513, conductor 5§23, outer left front contact of
relay 207, back contact of relay 202, outer left
front contact of relay 214 to grounded conductor
220. Relay 501 operates and locks in a circuit
through its winding and the winding of relay 111}
in serles, inner lower front contact of relay 501,
inner lower front contact’of relay 8§09 to ground.
Relay Bil does not operate at this time being
shunted by the operating circuit of relay 501.
Relay 501, in operating, disconnects conductor
522 from the auxiliary A vertical of the dial reg-
ister and connects it over the upper front contact
of relay 501 and the upper back contact of relay
502 to the B vertical, preparing the circuits for re-~
lays 204, 216 and 217 for the first two pulse peri-
ods of the next digit. ‘
At the fourth pulse period, relay 211 is agaln
released, grounding the tip conductor and the
battery through resistances 284 and 239 in par-
allel becomes effective to transmit a heavy nega-
tive pulse to the tandem office. During this pe-
riod the pulse for the first period of the second
digit is prepared, and at the end of the period re-~
lay 202 is reoperated to permit relay 511 to oper-
ate in the locking circuit of relay 501 and trans-
fer the connection of conductor 522 under its

. control from the auxiliary A vertical to the back

50

66

65

70

({]

contact of relay 512 and the B vertical, preparing
the circuits which control the third and fourth
pulse periods of the second digit.

Since the second digit to be transmitted is 2
corresponding to the code letter A, no circuit is
provided for operating relay 211 for the first
pulse series and with relay 211 operated for that
period the fundamental ring - conductor is con-

nected to ground over the front contact of relay -

211, while the tip conductor extends over the
back contact of relay 217 to ground at the back
contact of relay 206 until that relay operates
thereby discharging the cable conductors at the
beginning of a blank pulse. During the first
pulse period a circuit is established for relay 216
extending over the front contact of relay 202,
conductor 242, the fifth contact at cross-point
116, upper back contact of relay §02, upper front
contact of relay 501, upper back contact of relay
503, then to ground on conductor §22, and thus
during the second pulse period the fundamental
ring conductor extends to battery in parallel
through high resistance 234 and low resistance
239 and the fundamental tip conductor extends to
ground at the normal contact of relay 211, trans-
mitting a heavy negative pulse. During the sec-
ond pulse period there is no circuit provided for
relay 217 and thus during the third pulse period

2,106,880

whe‘n'rela& 211 operates, the fundamental ring

conductor is grounded at its contacts in shunt

of battery through resistance 234 and the funda-
mental tip conductor is connected to ground over
the back contact of relay 217 and the back con-
tact of relay 206 until that relay operates, thereby
discharging the cable conductors at the beginning
of the blank ptilse.

During this period, relay 202 releases and
establishes a circuit from ground over its left

_back contact, thence as traced to conductor 523

over the upper back contact of relay 5i3, the
upper front contact of relay 811, the upper back
contact of relay §12 through the winding of relay

"B02 to battery. Relay 802 operates and locks '

through the winding of relay 512, inner lower
front contact of relay §02, lower front contact of
relay 801 to ground, relay 612 not operating at
this time as it is shunted by the operating circuit
of relay 502. Relay 802 in operating discon-
nects conductor 522 from the B vertical of the
dial register and connects it over the upper back
contact of relay 503 and the upper front contacts
of relays 501 and 802 to a C vertical, preparing
the circults which control the first and second
pulse periods of the third digit.

At the fourth pulse period relay 211 is again
released grounding the tip conductor and, since
no circuit was made effective over the cross-point
116 for relay 218, the ring conductor is connected
to battery through high resistance 234 to trans-
mit 8 light negative pulse. At the end of the
fourth pulse period relay 202 is reoperated thus
permitting relay 812 to operate and transfer the
connection of conductor 5§22 from a B vertical to
a C vertical over the lower back contact of relay
§i3 and the lower front contacts of relays L 1R}
and 512, preparing the circuits which control
the third and fourth pulse periods of the third
digit. . : .

The third digit to be transmitted is 5 and
since no circuit is effective over cross-point 691
for relay 217 for the first pulse period, both the
tip and ring conductors of the fundamental cir-
cuit are grounded as previously described result-
ing in a blank pulse. Since, during the first pulse
period, there is no circuit effective for relay 218
over cross-point 69§ when relay 202 operates, re-
lay 21§ upon releasing during the second pulse
period connects ground to the fundamental tip
conductor and since the ring conductor is con-
nected to battery through high resistance 234 2
light negative impulse is transmitted. During
the second pulse period, no circuit is effective over
cross-point 881 for relay 217 and thus during the
third period when relay 211 operates, the funda-
mental ring conductor is grounded at its contact
in shunt of battery through resistance 234 and
the tip conductor is connected to ground over the
back contact of relay 217 and the back contact
of relay 206 until that relay operates whereby the
third pulse is blank.

During this period relay 202 releases and con-
nects ground over its back contact to conductor
523 and thence over the upper back contact of

relay 513, the upper front contacts of relays 6i1-

and 512, through the winding of relay 503 to
battery. Relay 508 operates and locks through
the 'winding of relay 813, inner lower front con-
tact of relay 503 and the lower front contact of
relay 512 to ground, relay 513 not operating at
this time as it is shunted by the operating circuit
of relay 503. Relay 803 in operating disconnects
conductor 522 from the C vertical of the dial

register and, since the numerical designation Is
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less than ten thousand and relays 504 and 514
have not been previously operated, connects con-
ductor 522 over the upper front contact of relay

503, the upper back contact of relay 504 to a sta- '

tions vertical of the dial register, preparing the
circuits which control the first and second pulse
periods of the fourth or stations digit.

During the third pulse period with relay 202

released, a circuit is established from the wind-
ing of relay 216, thence as traced over the back
contact of relay 202, conductor 243, the sixth
contact of cross-point 681, thence over the lower

~ front contacts of relays 512 and 5i1, the lower
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back contact of relay 513 to ground on conductor
§22. Relay 216 operates connecting battery
through low resistance 239 in parallel with bat-
tery through high resistance 234. Therefore,
during the fourth pulse perlod when relay 21{
releases, ground is connected over its normal con-
tact to the tip conductor of the fundamental cir-
cult and battery through resistances 234 and 239
being connected to the ring conductor, a heavy
negative impulse is transmitted. At the end of
the fourth pulse period relay 202 is reoperated
thus permitting relay 8§13 to operate and trans-
fer the connection of conductor 522 from a C
vertical of the dial register to a stations vertical,
over the lower front contact of relay 813 and
the lower back contact of relay 8§14, preparing
the circuits which control the third and fourth
pulse periods of the fourth or stations digit.
Since no stations diglt was recorded, no Cross-
point on the stations verticals was closed and
therefore no circuits are effective for relays 204,
208, 218 and 217 during the next four pulse periods
and-only two light negative impulses, character-
istic of the digit zero are transmitted. During

the third of these pulse periods with relay 202 -

released, ground is connected to conductor 523
and thence over the upper front contact of relay
813 and the upper back contact of relay Bi4 to
battery through the winding of relay 504. Relay
504 operates and locks In a circuit through the
winding of relay 5{4, inner lower contact of re-
lay 504 to ground on conductor 1244 and dis-
connects conductor 522 from a stations vertical of
the dial register and connects it over the upper
front contacts of relays 503 and 504 and the upper
back contact of relay 508 to & thousands vertical
of the dial register. At the end of the fourth
pulse period relay 202 reoperates thus permitting
relay 514 to operate in the locking circuit of re-
lay 504. Relay 514 upon operating disconnects
conductor 522 from s stations vertical of the dial
register and connects it over the lower front con-
tacts of relays 513 and 514 and the lower back
contact of relay 515 to a thousands vertical. 'The
circuits are now prepared which control the pulse
periods of the fifth or thousands digit.

The fifth digit to be transmitted is the thou-
sands digit 1 and since no circuit was made ef-
fective over cross-point T§71 for relay 217 when
relay 203 released during the previous fourth
pulse period, both the tip and ring conductors
are grounded during the first period through the
operation of relay 211 as previously described re-
sulting in a blank pulse. Since during the first
pulse period there is no circuit effective for relay
216 over cross-point 71T when relay 202 operates,
relay 211 upon releasing during the second pulse
period connects ground to the fundamental tip
conductor and since the ring conductor is con-
nected to battery through high resistance 234 a
lght negative impulse is transmitted. During
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the second pulse period no circuit is effective over
cross-point Ti7 for relay 217 and thus during the
third pulse period when relay 211 operates both
the tip and ring conductors are grounded re-
sulting in a blank pulse.

During the third pulse period relay 202 releases
and connects ground over conductor 523, thence
over the upper front contact of relays 513 and
814 and the upper back contact of relay 515 to
battery through the winding. of ‘relay 505. Re-
lay 808 operates and locks In a circuit through
the winding of relay 5{5, the inner lower front
contact of relay 505 and the lower front contact

. of relay 504 to ground and disconnects conductor

522 from a thousands vertical of the dial register
and connects it over the upper front contacts of
relays 503, 504 .and 508 and the upper back con-
tact of relay 808 to a hundreds vertical of the
dial register, preparing the circuits which con-
trol the first and second pulse periods of the
sixth or hundreds digit. Relay 202 upon releas-
ing also establishes a circuit from the winding of
relay 218, thence as traced over the back contact
of relay 202, conductor 243, the upper front con-
tact of relay 808, conductor 528, sixth contact on
cross-point 711, thence over the lower back con-
tact of relay 818, the lower front contacts of
relays 54 and 513 to ground on conductor 522.
Relay 218 operates connecting battery through

low resistance 288 in parallel with battery

through high resistance 234. Therefore, during
the fourth pulse period when relay 211 releases,

ground is connected over its normal contact to

the tip fundamental conductor and battery be-
ing connected through resistances 234 and 239
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to the ring conductor, a heavy negative impulse _

is transmitted.

At the end of the fourth pulse period relay
202 is reoperated thus permitting relay 515 to
operate in the locking circuit of relay 505 and
transfer the connection of conductor 522 from a
thousands vertical of the dial register to & hun-
dreds vertical over the lower front contacts of re-
lays 513 to B15, inclusive and the lower back
contact of relay 516, preparing the circuits which
control the third and fourth pulse periods of the
sixth or hundreds digit.

Since the hundreds digit registered was the
digit zero and the cross-point contacts 718 are
operated, there are no circuits effective for the
relays 204, 208, 218 and 217 during the next four
pulse periods and only two light negative impulses
characteristic of the digit zero are transmitted.
During the third of these pulse periods with relay
202 released, ground is connected to conductor
523, thence ‘over the upper front contacts of re-
lays §13 to 618, inclusive, the upper back con-
tact of relay 66 to battery through the winding
of relay §06. Relay 506 operates and locks in &
circuit through the winding of relay 616, the in-
ner lower contact of relay 806, and the lower
contact of relay 505 to ground and disconnects
conductor §22 from a hundreds vertical of the
digit register and connects it over the upper front
contact of relays 503 to 506, inclusive, and the up-
per back contact of relay 507 to a tens vertical -of
the digit register. At the end of the fourth pulse
period, relay 202 reoperates thus permitting relay
616 to operate in the locking circuit of relay 506.
Re'ay 516 upon operating disconnects conductor
522 from a hundreds vertical of the digit register
and connects it over the lower front contacts of
relays 513 to 516 inclusive, and the lower back
contact of relay 511 to a tens vertical of the dial
register, The circuits are now prepared which
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control the pulse periods of the seventh or tens
digit.

The seventh digit to be transmitted is the tens
digit 7 and since no circuit was made effective
over cross-point 623 for relay 217 when relay 203
released during the previous fourth pulse period,
both the tip and ring fundamental conductors are
grounded, during the first period through the
operation of relay 211 as previously described re-
sulting in a blank pulse. During the first pulse

period a circuit is established by the operation .

of relay 202 for relay 216 which extends from bat-
tery through the winding of relay 216 thence as
traced over the front contacts of relay 202 to
conductor 242, the fourth contact at cross-point
623, the upper back contact of relay 507, the
upper frent contacts of relays 506, 505, 504 and
503 to ground on conductor 522. With relay 216
operated, battery through low resistance 239 is
connected to the ring conductor of the funda-
mental circuit in parallel with battery through
high resistance 234 and thus during the second
pulse period this parallel battery connection is
maintained and relay 21| upon releasing connects
ground to the tip fundamental conductor result-
ing in the transmission of a heavy negative pulse.
During the second pulse period no circuit is effec-
tive over cross-point 623 for relay 217 and during
the third pulse pericd when relay 241 operates
both the tip and ring conductors of the funda-
mental circuit are grounded resulting in a blank
pulse.

During the third pulse period relay 202 releases
and connects ground over conductor 523 thence
over the upper front contacts of relays 513 to 516,
inclusive, the upper back contact of relay 517 to
battery through the winding of relay 507. Relay
507 operates and locks in a circuit through the
winding of relay 517, the inner lower contact of
relay 507 and the lower contact of relay 506 to
ground and disconnects conductor 522 from a
tens vertical of the digit register and connects it
over the upper front contacts of relays 503 to
507, inclusive, and the upper back contact of re-

5 lay 508 to a units vertical thus preparing the cir-

cuits which control the first and second pulse
periods of the eighth or units digit. Relay 202
upon releasing also establishes a circuit from the
winding of relay 216 thence as traced over the
back contact of relay 202, conductor 243, the fifth
contact at cross-point 623, thence over the lower
back contact of relay 571 and the lower front
contacts of relays 516, 515, 514 and 513 to ground
on conductor 522. Relay 216 operates connecting

5 battery through low resistance 239 in parallel with

battery through high resistance 234. Therefore,
during the fourth pulse period when relay 211 re-

leases, ground is connected over its normal con- |

tact to the tip fundamental conductor and bat-
tery being connected through resistances 234
and 239 to the ring conductor, a heavy negative
impulse is transmitted.

At the end of the fourth pulse period, relay 202
is reoperated thus permitting relay 517 to operate
in the locking circuit of relay 507 and transfer
conductor 522 from a tens vertical -of the dial
register to a units vertical over the lower front
contacts of relays 513 to 511, inclusive, and the
lower back contact of relay 518, preparing the
circuits which control the third and fourth pulse

periods of the eighth or units digit.

The units digit recorded was 8 and thus the
contacts at cross-point 624 are operated. There-
fore, during the previous fourth pulse period a
circuit is established from battery through the
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winding of relay 211, the back contact of relay
203 to ground at the left contact of relay 204,
relay 204 having operated in a circuit over con-
ductor 245, the third contact of cross-point 624,
the upper back contact of relay 518, the upper
front contacts of relays 511, 5186, 515, 514 and 513
to ground on conductor 522. Therefore, during
the first pulse period with relays 2{1 and 211

- operated, ground is connected to the ring funda-

mental conductor in shunt of battery through re-
sistance 234 and battery is connected through
high resistance 246 over the front contact of re-
lay 217 to the tip conductor resulting in the trans-
mission of a light positive pulse.

During the first pulse period a circuit is es-
tablished by the operation of relay 202 for relay

216 which extends from battery through the -

winding of relay 216, thence as traced over the
front contact of relay 202 to ground at the right
contact of relay 204. With relay 216 operated the
pulse transmitted during the second pulse period
is heavy negative. During the second pulse
period no circuit is effective over cross-point 624
for relay 241 and thus during .the third pwse
period when relay 241 operates both the tip and

20

o
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ring fundamental conductors are grounded re- -

sulting in a blank pulse,

During the third pulse period relay 202 re-
leases and connects ground over conductor 523
thence over the upper front contacts of relays 513
to 511, inclusive, the upper back contact of relay
518, to battery through the winding of relay 508.
Relay 508 operates and locks in a circuit turough

30.

the winding of relay 518, the lower contacts of -

relays 508 and 507 to ground, and disconnects
conductor 522 from a units vertical of the digit
register but since relay 509 is operated, conductor
§22 is not further extended. Relay 202 upon re-
leasing also establishes a circuit for relay 216
which extends as previously traced to ground at
the right contact of relay 204. With relay 216
operated the pulse transmitted during the fourth
pulse period is heavy negative.

At the end of the fourth pulse period, relay 202
is reoperated thus permitting relay 518 to oper-
ate in the locking circuit of relay 508 and dis-
connect conductor 522 from: & units vertical and
since relays 509 and 519 are aslready operated, it
closes a circuit from grounded: conductor $22,
lower front contacts of relays 513 to 518,
inclusive, conductor 524, winding of relay 210
to battery. With relay 210, operated, the
fundamental tip conductor is extended over
the outer left front contact of relay 210 to
battery through resistance 234 and over the

35,

40

45

50

(1)
[

inner left front contact of relay 210 to battery

through resistance 239 thereby preparing a heavy
pulse in the positive direction. Relay 210 also
connects the fundamental ring conductor to con-
ductor 235. Since relay 211 is operated during
the first pulse period, ground over the front con-
tact of that relay shunts the battery from the
fundamental tip conductor and the fundamental
ring conductor receives only the momentary
ground supplied by relay 206 to discharge the
circuit before the open pulse. During the second
pulse period, the heavy positive pulse is trans-
mitted to the tandem office to control the two
wire office selectors included in the connection.
The circuit of relay 241 is carried over the back
contacts of relays 203 and 210 in parallel. With
relay 210 operated, relay 203, which is operated
during the second and third pulse period, holds
open the circuit of relay 211, prolonging the final
pulse.
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When relay 202 releases at the beginning of the
third pulse period, it connects ground to con-
ductor 523 as before, the circult extending over

" the upper front contacts of relays 5{3 to 518, con~

10

N

e
wl!

a0

60

63

=

-1
wt

ductor 521, right back contact of relay 108, con-
ductor 116, upper front contact of relay 519, con-
ductor 1254, winding of relay 309 and battery.
Relay 309 locks to grounded conductor 353 and
initiates the series of operations for releasing the
sender which was described under the panel type
call. In addition, it opens the locking circuit of
relay 213, which in turn releases relay 214. Relay
214 opens the fundamental circuit, releases relays
207 and 2i5, removes ground from the pulsing

5 relays 200 and 201, releases relay 210 and opens

the holding circuit for relays 292 and 203, thereby
restoring the pulsing circuits to normal. When
relay 315 releases in response to the operation of
relay 309, the transfer relays of Fig. 5 release.

Call to local call indictor office

For this call assume that the wanted subscriber
is located in a manual office reached over a single
distant office selector. Therefore, only one office
brush and one office group selection is made, and
only the numerical part of the designation is
transmitted by call indicator pulses. To further
illustrate the operation of the sender, assume
that the wanted number is Main 3-10,457 and that
no stations digits are used. 'The calling line may
be a non-coin line,.

The seizure of the sender and the registration
of the wanted number take place in the same
manner as for other calls, as does the seizure of
the decoder and the interchange of information
therewith. The same compensating resistance
relays may be operated as well as relay 1023 in
office brush register 1020 and relays 1032 and 1034
in office group register 1030. Since only one dis-
tant office selector is employed, skip second office
relay 938 must be operated. For this class of call
the decoder operates class relays 92! and 922.

Stations delay relay 934 is operated but relay 935
is not. Relay 936 is also operated but its function

will be described in another connection. When
relay 93! operates at the release of the decoder,
these register relays are locked and relay 924 is
operated as for the tandem call. Relay 931 also
operates relay 105 to cancel the coin tests. In
addition it closes a circuit from battery through
the windings of relays 503 and 513 in series, outer
lower front contact of relay 921, outer upper front
contact of relay 931 to grounded conductor 1244.

Relays 1103 and 1113 operate over the back

contact of relay 931 under the control of relay

301 to test the office selector and to start the office
selections, which take place as described for the

_tandem call, except for the actual numerical
values involved. During these selections relays

{104, 1114, 1105 and 1115 are operated. When
relay 1221 operates at the termination of office
group selection, since relay 938 is operated, relay
1106 is operated immediately, without waiting for
the second office selections. Relays (107 and 1117
are, therefore, not used in this case. Since a five-
digit numerical designation is used, when the
fifth digit has been recorded, a circuit is closed
from battery through the windings of relays 504
and 5i4 in series, conductor 525, over the contact
closed in the stations vertical, ccnductor 682, back
contact of relay 935, conductor 988, over the
cross-points at the No. 4 level in the tens vertical,

‘the zero level in the hundreds vertical and the

No. 1 level in the thousands vertical, conductor
681, inner left front contact of relay 403, con-
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ductor 414, outer lower front contact of relay 603,
outer upper front contact of relay 981 to grounded
conductor {244, Relays 508 and 514 lock over the
inner lower front contact of relay 504 to grounded
conductor 1244, )

Trunk test and assignment at the terminating
office take place as described for the call through
the tandem office. Since relays 503, 504, 513 and
614 are operated, conductor 522 is extended over
the upper front contacts of relays 503 and 504,
upper back contact of relay 505 to one set of
contacts in the thousands vertical and over the
lower front contacts of relays 518 and 514 and the
lower back contact of relay 8§18 to another set of
contacts of the thousands vertical for controlling
the operation of relays 204, 205, 216 and 2i7.
Therefore, the first digit transmitted is the ten-
thousands digit which was recorded by the oper-
ation of cross-point T11. When relay 202 re-
leases after the second pulse period of the Arst
digit, connecting ground to conductor 523, this
ground is extended over the upper front contacts
of relays 6{3 and 614, upper back contact of re-
lay 515 to the winding of relay 505 and battery.
Relay 505 locks through the winding of relay
515, over the inner lower front contact of relay
5§05, outer lower front contact of relay 5048 to
ground, relay 615 operating at the end of the
pulse. The thousands, hundreds and tens digits
are transmitted in the usual manner under the
control of relays 606, 5i6, 587, 517, 508 and 518.
With relays 508 and 518 operated conductor §22
is extended by way of the back contacts of relays
509 and 519 to the stations vertical so that the
units digit recorded on the stations vertical is
transmitted last. Relay 548 extends conductor
523 which has been connected to its upper arma-
ture, over its upper front contact, conductor 521,
right back contact of relay 108, conductor 116,
upper back contact of relay 619 to the winding
of relay 509 and battery. Relay 519 locks through
the winding of relay 519, outer lower front contact
of relay 509 to grounded conductor 1244

When relay 519 operates at the termination of
the transmission of the last digit, it operates relay
210 for transmitting the final heavy positive
pulse, and transfers. the circult controlled by
relay 202 to the winding of relay 309 to release
the sender. : ' )

From the description of these two call indi-
cator calls, it is apparent that four-digit num-

‘bers whether or not followed by a stations letter

are transmitted in the order: Stations, (a zero
being sent whereno letteris recorded), thousands,
hundreds, tens and units, whereas, a five-digit
number, which' always consists of the ten-thou-
sands digit one, recorded on the thousands
register, the thousands digit zero, recorded on
the hundreds register, and a hundreds digit less
than flve, is transmitted in the order recorded.
At the manual office, the ten-thousands digit is
recorded on the stations register and the remain-
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ing digits on their corresponding registers. Since, -

as shown in the table of codes given above, the
codes for the thousands and stations digits differ
from the remaining codes, an adjustment must
be made in transmitting five-digit numbers. To
care for the change in the stations code, one set
of contacts in the stations vertical is employed
when relays 509 and 519 are operated as they
are for four-digit numbers, and another set when
relays 504 and 514 are operated for five-digit
numbers. The only thousands digit affected is
the digit one, which calls for a positive pulse in
the first puilse period when it represents a ten-
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sands digit. Therefore, the circuit of relay 211
extends over the back coniact of relay 203, con-
ductor 240 and the lower back contact of relay
509 to cross-point TIT and thence to ground
while the cireuit of relay 216 extends over the
back contact of relay 202, conductor 243, and the
upper front contact of relay 508 to cross-point
11T and thence to ground. Cross-point 117 pre-
pares both circuits and relay 509 discriminates
between them.

Call to operator thrqugh tandem office

This call is very similar to the ordinary tan-
dem call except that only the three digits repre-
senting the operator’s code are dialed. The de-
coder receives this code and transmits the proper
information back to the sender to cause the selec-
Class relays 922 and
823 are operated, in turn operating relay 924.
When relay 931 operates at the release of the de-
coder, a circuit is closed from grounded conduc-
tor 1244, outer upper front contact of relay 931,
outer lower back contact of relay 921, outer lower
front contact of relay 923, inner lower back con-
tact of relay 921 through the windings of relays
519 and 509 in series to battery. These relays
lock as before to grounded conductor 1244 and
relay 509 operates relay 809 to indicate that dial-
ing has been completed and to permit trunk test
to take place as soon as the trunk has been
reached. Otherwise the call progresses in the
manner described for the previous tandem call
except that zeros are transmitted for the digits

_ not dialed. If the call were originated at a sub-
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station equipped with a coin box, since an oper-
ator call is & free call, the decoder would ground
conductor (32, operating relay 105, which locks
to grounded conductor 972, canceling the coin
tests.- :

Calls to local operator restricted code

Codes may be restricted either to all sub-
scribers because unused within the direct dialing
area, or to certain subscribers. When a code is
dialed by a substation which does not have -ac-
cess thereto, the decoder selects a trunk to the
proper operator and returns the corresponding
information to the sender. Since a local trunk
1s used, the skip office relays 937 and 938 are op-
erated, as well as class relay 921 which in turn
operates relay 924. Since the decoder has no
information as to the number of digits to be ex-
pected, delay relays 934 and 935 are not oper-
ated. Therefore, unless five numerical digits are
actually dialed, the operation of relays 508 and
519 is delayed until after a measured time in~
terval as above described. With relay 568 oper-
ated, relay 809 operates to permit the closure
of the fundamental circuit for trunk test since
the coin test would be canceled. Since relay 931
is operated, relays 1106 and 1116 operate under
the control of relay 30i to prepare the sender
for trunk test.

The trunk test circuit for this class of call
extends from the fundamental tip conductor 328
to conductor 1248 as previously traced, lower
winding of relay 1203 unshunted because relay
1106 is operated, inner upper back contact of
relay 1206, winding of relay 1201, conductor 1255,
back contact of relay 905, <onductor 877, right
back contact of relay 215, conductor 218, outer
upper front contact of relay 924, conductor 379,
inner upper front contact of relay (116, conduc-
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thousands digit and a heavy negative pulse in the
_fourth pulse period, when it represents a thou-

tor §{21, through the compensating resistances
as determined by relays 903 and 904 to conductor
980 and thence to the fundamental ring con-
ductor. -
Relay (201 operates from battery at the oper-
ator’s position, in turn operating relays 208 and
209. Relay 209 closes a circuit from battery
through the winding of relay 309, conductor (254,
upper back contact of relay 922, inner lower front

-contact of relay 924, conductor 981, inner lower

front contact of relay 1406, conductor {123, inner
right front contact of relay 209, conductor 22f,
back contact of relay 1203 to grounded conduc-
tor 1244, Relay 309 releases the sender as previ-
ously described.

Official code

This type of call differs in its effect on the
sender only in that class relay 923 is operated
in place of relay 921. With relay 923 operated,
the circuit of relays 509 and 519 is closed over
the inner lower back contact of relay 921, outer
lower front contact of relay 923, outer lower back
contact of relay 92f, outer upper front contact

of relay 931 to grounded conductor (244 as soon 2

as the decoder is released. Therefore, trunk test
may be made without delay, since the coin test
is canceled on calls to operators.

Zero operator

When the digit zero is the first (and only)
digit dialed, cross-points 719 and 120 are closed.
At the second-contact of cross-point 720, ground
is connected to conductor 989 and the winding
of relay 930 which receives battery over the upper
normal contact of relay 932 and the lower back
contact of relay 933. Relay 930 is, therefore,
operated at once to summon the decoder. Other-
wise, the operation is the same as for an official
code. ]

Permanent signal

When the sender is seized and relay 3(5 oper-
ated, ground is connected to conductor 353, from
which it is extended over the left back contact
of relay 405 to conductor 419 to start the timing
interrupter. This interrupter, after starting,
connects ground to conductor 420, for three sec-
onds, removes it for twenty-seven seconds and
repeats this cycle until stopped by the removal
of ground from conductor #19. At the first
ground closure, relay 406 operates, locking to
conductor 419 and extending its locking ground
to the winding of relay 401. Relay 407 is shunted
at its right back contact by ground from con-
ductor 420 until the end of the three-second
interval at which time it operates. With relay
407 operated a circuit is closed from battery
through resistance 423, winding and normal con-
tact of relay 408, left front contact of relay 4071
to grounded conductor 419. Relay 408 locks over
its left front contact to conductor 419 and con-
nects this conductor to the winding of relay 409.
However, relay 409 is shunted by ground over
the left front contact of relay 401 and the left
back contact of relay 409. At the end of twenty-
seven seconds ground is again connected to con-
ductor 420 and over the right front contact of
relay 407 to resistance 421 in shunt of the wind-
ing of relay 406 which releases. With relay 406
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released, relay 407 is held operated over the nor- |

mal contact of relay 407 until the end of the
three-second grounded interval, when it releases.
In so doing, it permits relay 408 to operate.
If no digits have been dialed at this time, & cir-
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cult is closed from battery through the winding
of relay 443, inner right back contact of relay
405, right front contact of relay 408 to grounded
conductor 353. :

Relay #13 locks over its middle left front con-
tact direct to conductor 383. It also connects
ground from conductor 383, over its inner left
front contact to conductor 989 to operate relay
380 and summon a decoder, connects ground over
its inner right contacts to the first and third
wires of the A vertical to transmit a permanent
signal Indication code to the decoder, and at its
outer right contacts closes. the checking circuit.
At its outer left front contact it closes a shunt
around the winding of relay 1208 to prevent that
relay from operating from the reverse battery
returned by permanent signal trunks.

Otherwise the functioning of the sender is the
same as for calls to the zero operator.

‘Two-~digit codes

Throughout the previous description three-
digit codes have been used and the sender has
functioned as a three-digit sender. However, it
is so arranged that codes characterized by a par-
ticular first digit may include only two digits.
For this purpose, cross-connecting rack {00 is
provided. This rack has eight terminals which
are connected to the second contacts of the aux-
iliary A vertical in levels two to nine, inclusive.
Any one or more of these terminals may be cross-
connected to terminal 1i19 which in turn is
connected over conductor 1118 to the winding of
relay 813 and battery. In the drawings only
the terminal connected to the third level is
strapped to terminal €119, Therefore, the codes
beginning with the letters D, E and F, which cor-
respond to the digit three are two-digit codes.
Assume that such a code is being recorded. In
response to the first digit, cross-points 72{ and
722 will be closed and the circuit of relay 813
completed to ground connected te the second
wire of the auxiliary A vertical.

Relay 813 at is inner left and right contacts
supplies the checking circuits for the B vertical
required by the decoder. At its outer right
armature relay 813 transfers the operating
ground from the winding of the B magnet 763 to
the winding of the C magnet 704 and at its
outer left armature transfers the locking ground
from the B magnet to the C magnet. Therefore,
the second code digit is recorded on the C vertical
and the remaining digits on the usual verticals.

Two-digit codes are transmitted to the de-
coder as though the second digit were zero, and
are sent out to tandem offices by call indicator
pulses in the same way. '

Although the present disclosure shows only one

digit indicative of two-digit. codes, probably .

when first installed in an area expanding from
two-diglt codes to three-digit codes, all codes
might be two-digit codes and all the terminals
on rack {100 cross-connected to relay 813, As
growth takes place, one dig't after another might

5 be assighed to represent three-digit codes and

the corresponding terminal disconnected from
relay 813, In the end relay 818 might be dis-
pensed with and the back contacts permanently
connected together. -

Overflow and telltale

An overflow indication is a reversed battery
connected to the fundamental ‘circuit in any
pos'tion of the sender except incoming advance
on a full mechanical call. It may be occasioned

19

by an incoming or final selector at a panel type
office advancing to an overflow terminal because
of an all-trunks-busy condition, or to the telltale
position at the top of the bank because of trouble.
Likewise the decoder may cause such a signal by
establishing a connection to a reverse battery
trunk because it is unable to connect to a trunk
over the route called for by the office code dialed.

It will be remembered that in making trunk
test on call Indicator or operator calls, relay
1201 and the unshunted lower winding of relay
1203 are included in the fundamental circuit.
If, therefore, in hunting for such a trunk to the

terminating or tandem office, the office selector-

goes to overflow, or the decoder establishes a
connection with a reverse battery trunk, relays
1201 and 1203 are both operated in response to
the reverse battery. Relay 1201 operates relays
208 and 209 as usual but these relays have no
function. Relay 1203 locks in a circult from
battery through its upper winding and front con-
tact to grounded conductor 1244. It also closes
a circuit from battery through the winding of
relay (210, lower back contact of relay 12086,
lower front contact of relay |18, front contact
of relay 1203 to grounded conductor 1244, With
relay 210 operated, ground from conductor 1244
is connected over the front contact of relay
1203, inner lower front contact of. relay 1210,
to the winding of relay 1204 and battery. The
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outer upper front contact of relay (204 is in-

effective at this time since relay 1202 is not oper-
ated. However, the circuit closed at its inner

upper front contact from ground at the upper
back contact of relay 1212, over conductor {258,

inner upper front contact of relay 924, and con-
ductor 1243 to the windings of relays 1220, 1221
and 1222 operates these relays and they lock
to. ground at the outer lower front contact of
relay 1209. Relay 1221 closes a circuit from
grounded conductor {244, contact of relay 1221,
inner upper front contact of relay 1210, winding
of relay 1207 to battery. Relay 1207 in turn
operates relay 1208, releasing relay 1209 to open

the fundamental circult and open the locking :

circuit for relays 1220, 1221 and 1222.

Since relay 1210 is now operated, the operation
of relay 1208 closes a circuit from battery on
conductor 915, winding of relay 1212, lower front
contact of relay 1208 to ground at the outer

140

50

lower front contact of relay 1210, Relay 1242

at its lower armature, opens the circuit of relay
1218 and closes & locking circult for itself. At

its upper back contact relay 1212 opens.the en- *

- ergizing circuit of relays {220, 1221 and 1222

which now release. Relay 1221 opens the circuit

of relay 1207 which releases in turn releasing re- -
lay 1208 and permitting relay 1208 to reoperate

and reclose the fundamental circuit to simulate

‘the trunk closure normally performed by the dis-

trict junctor. Since relay 1212 is operated, the
winding of relay 120f is shunted by resistance
1260 and the inner upper front contact of relay

680

1212, thereby reducing the resistance in the -

fundamental circuit sufficiently to permit the
distant apparatus to function for release. When

05

relay 1213, which is slow to release, closes its -

normal contact, a circuit is completed from
ground at the outer upper front contact of relay
1212, normal contact of relay 1218, conductor
1259, inner left back contact of relay 808, con-

. ductor 971, upper back contact of relay 933,

winding of relay 932 to battery through resist-
ance 990. Relay 932 operates, closing a locking
circuit for itself through the upper winding of
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contact, relay 932 opens the circuit of relay 930
which releases, removing battery from conductor
915, thereby releasing the register relays of Fig.
10, the sequence relays of Fig. 11, and the count-
ing relays of Fig. 12 as well as relays 1212 and
1209. Relay (212 opens the energizing circuit
for relay 932, permitting relay 933 to operate
in the locking circuit above traced. Relay 930
also disconnects battery from the winding of
relay 931 causing that relay to release.

Relay 933, when operated, locks independent
of relay 932 in a circult from battery over its
outer lower front contact and lower winding to
grounded conductor (244, At its inner lower
front contact it connects battery over the lower
front contact of relay 932 to the winding of re-
lay 930 causing that relay to reoperate. With
relay 931 released and relay 830 operated, bat-
tery is again connected to conductor 941 to sum-
mon a decoder.

Relay 1203, being locked to the off-normal
ground conductor (244 is held -operated. Relay
1210 released when relay 1§16 released, but re-
operates immediately thereafter over the lower
back contact of relay 1116 and the front contact
of relay 1203. Therefore, ground is connected
over the outer upper front contact of relay 1210
to conductor 1261 notifying the decoder that it is
to establish a connection with an overflow trunk
and disregard the registered code. After the de-
coder has returned the- proper information to
the sender, it connects ground to conductor 970,
operating relay 931 to disconnect the sender from
the decoder.

During the time that relay 932 is operated and
relay 933 unoperated,ground is disconnected from
conductor {14, in order to release a relay in the
district junctor and allow that circuit to start
afresh with the new decoder:

Since an overflow trunk is one leading to an
operator’s position, the remaining operations in
the sender are substantially the same as described
for operator calls.

With relays 1103 and 1113 operated for mak-
ing office test, or with relays 1186 and (116 oper-

-ated for making trunk test on a full mechanical

call, high resistance 9718 is included in the fun-
da.mental circuit.

The lower winding of relay 1203 and. the wind-
ing of either relay 1200 or relay 1281 are also

included in the fundamental circuit, but the

winding of relay {208 is shunted over the upper
back contacts of relay {206 and the outer up-
per front contact of relay 1103 during office test
and by the upper back contacts of relay 1206, the
inner upper back contact of relay 924 and the

outer upper front contact of relay 1186 during -

full mechanical trunk test. This is for the pur-
pose of preventing the. operation of relay 1203
while the resistance of the circuit is too high to
be recognized as a closure by the distant circuit.
If, therefore, the trunk hunting immediately
preceding one of these tests results in the con-
nection of reversed battery to the fundamental
circuit, relay (208 or relay 1201 will operate and
advance the sender to the position for making
office brush selection by operating relays ({04
and (114 or for making incoming brush selec-
tion by operating relays (101 and ii{{l. When
the fundamental circuit is reclosed for either of
these selections, the resistance is reduced to a
value which will be recognized as a closure by
the distant circuit. Relays 1202 and 1203 both
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relay 933, upper front contact of relay 932 to
grounded conductor 1244. At its upper normal .

operate. Relay 1203 operates relay 1240 over
the lower back contact of relay (116. Relay
1210 in turn operates relay 1204 and the opera-
tions continue as described above.

If an incoming selector goes to overflow in
hunting for a final selector, or if an office, in-
coming or final selector runs to telltale; the
sender at that time will be in some selecting po-
sition with one of the sets of relays 1101 and
(11f, 1102 and §112, 1104 and (114 or 1105 and
1115 operated. With relays 1205 and (206 op-
erated for controlling selections at a terminating
office, relays 1103 and 1113 also mark a select-

ing position. For selections, relays 1203 and 1202

are included in the fundamental circuit and op-
erate at once from the reverse battery, initiat-
ing the series of operations above described.

Abandoned calls

Where a calling subscriber hangs up his re-
ceiver at any time. before the sender has com-
pleted its normal functions on a call, the sender
first releases the calling line, then puts the se-
lectors in position to restore to normal and final-
ly releases. The procedure depends upon the
class of call and the stage to which it has ad-
vanced when it is abandoned.

When the subscriber restores his receiver to
the switch-hook, relay 310 releases, in turn re-

leasing relay 814, relay 815 if still operated, re-

lay 314 and relay 313. TUntil the district frame
registration has been made, the release of relay
313 releases relay .315 and restores the sender
to normal. Since relay 315 is held operated
over the district frame vertical, following that
registration, the release of relay 314 at a later
time closes a ecircuit from ground at the inner
right back contact of relay 309, back contact of
relay 310, left back contact of relay 314, outer
left front contact of relay 315, to the winding of
relay 308 and battery.

Relay 308 closes a locking circuit over its mid-
dle left contact and conductor 353 to ground at
the inner right contact of relay 315. Relay 308
connects battery through low resistance 239 over
the middle right back contact.of relay 309,and the
right front contact of relay 308 to conductor 363
which extends over the lower back contact of
relay 932 to conductor 114, thereby operating re-
lays in the district junctor to release the line
switches and in turn free the calling line. The
further operations in the sender depend on the
stage at which the call was abandoned. =

If the call was abandoned before the sender
has engaged a decoder, no connection has been
made through the district and office switches
and the sender may be disconnected at once,
The same is true if a decoder is engaged at the
moment but relay 931 has not yet operated. Even
if relay 931 is momentarily normal in prepara-
tion for a second.trial due to an overflow con-
dition, the sender may be disconnected at once,
since the selectors have been put in condition
to return to normal as previously described.
Therefore, with relay 9%3f normal, relay 308
closes a circuit from baftery through the wind-
ing of relay 309, conductor 1254, lower back con-
tact of relay 931, conductor 991, middle and in-
ner left front contacts of relay 308 to grounded
conductor 3%3. Relay 309 brings about the re-
lease of the -sender as previously described.

In order not to interfere with functions of the
decoder and district junctor, which follow imme-
diately after the release of relay 301, a circuit
is closed from bhattery through the winding of
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relay 814, conductor 827 to ground at the inner
right contact of relay 301. Therefore, if the call
is abandoned while relay 301 is operated, relay
314 walts to release until. the. decoder has re-
leased relay 301. Relay 314 Is slow to release and
therefore delays the closure of the circuit of re-
lay 808 until a sufficient time has elapsed for the
decoder to function in connection with the dis-
trict junctor’ _

If 2 full selector call is abandoned, in order
to restore any distant selectors which have been
seized, the sender is allowed to proceed with its

' regular functions until the first opportunity ar-

rives to force an incoming or final selector to
telltale. The sender completes any distant office
selections which may have been cailed for by
the routing, makes trunk test and attempts in-
coming brush selection, or if the sender had
progressed beyond that point before the call was
abandoned, it attempts the next selection in order.

Neither trunk test, nor any selection is delayed

for dialing or coin test, since the operation of re-
lay 808 opens all the circuits which ordinarily
delay the release of relays 1207 and 1208.

During incoming and final. selections, relay
1208 is operated, and when relay (223 operates
under the control of stepping relay 1202 it ex-
tends the counting relay circuit over its front
contact and the middle lower front contact of
relay 1205 to conductor 1241 and the outer right
back contact of relay 308. The circuits for oper-
ating the zero counting relay (222 over the con-
tacts of cross-points in the zero level of the
numerical verticals also extend over conductor
§287. Therefore, when relay 808 is operated. by
the abandonment of a call, it is impossible for
the selector to operate the zero counting relays

and terminate the selection. It, therefore, con--

inues its upward motion until it reaches the
top of its bank and telltale. The incoming se-

- lector then sends & pulse of reverse battery which

is received as described for an overflow condi-
tion and the sender makes the trunk closure de-
scribed in that connection.

Normally in connection with a tell-tale condi-
tion s decoder is summoned to establish con-
nection to an overflow trunk, but where the call
has been abandoned it is not necessary. There-
fore, when relay {213 releases, following the op-
eration of relay 1212, the circuit previously closed
to relay 832 now extends from ground at the
outer upper front contact of relay 12{2, normal
contact of relay {248, conductor {288, outer left
front contact of relay 3868 to the winding of re-

5 lay 808 and battery, relay 389 releasing the send-

er and switches. ,

Where a call to a call indicator office is aban-
doned, in order to restore any distant office se-
lectors which may have been seized, and to sat-
isfy the operator who may have been signaled,
the sender is allowed to proceed with its regular
functions to the end. The sender completes any
distant office selections required, makes trunk
test, awaits assignment and then sends out the
call indicator pulses and operates relay 209 in
the usual manner. Trunk test is not delayed
for dialing or coin test because the circuits of
relays 1207 and (208 are open at contacts of
relay 308. 'Any digits transmitted following the
release of relays 318 and 314 are sent as zeros,
since relay 313 opens the circuits of relays 216
and 217. If assignment is greatly delayed so
that relay 402 is operated under the control of
the timing circuit as will be described herein-

"after, a circuit is closed for relay 308 over the
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‘inner rlght front contact of relay 402, right back

contact of relay 313, conductor. 418, inner left
front contact of relay 2i3, to ground at the left
back contact of relay 309, thereby releasing the
sender without summoning the monitor.

If a call to an operator is abandoned, the send-
er makes trunk test as usual, operating relay 309
and releasing the sender. Relay 308 being op-
erated, trunk test-is not delayed for either dial-
ing or coin test.

" Moniloring

The operation of the timing relays of Fig. 4 in
connection with a permanent signal conditfon
has already been described.

it will be remembered that the connection of

ground to conductor 363 by relay 318 in response.

to the seizure of the sender, connected ground
over the left back contact of relay 405 to con-

‘ductor 419 to start the timing circuit.

If the subscriber starts to dial promptly, relay
408 operates from the auxiliary A register mag-
net 110, opening this ground’ and restoring the
timing relays to normal. When the timing re-
lays have released, a circuit is closed from bat-

tery through the winding of relay 404, left back

contact of relay 411, inner left back contact of

relay 408, left front contact of relay 485, back "

contacts of relays 406, 407, 408 and 408, to
grounded conductor 388. Relay 404 locks over
the back contact of relay 4il, and the outer
lett front contact of relay 404 to conductor 353.
With relay 404 operated, ground from conductor
353 is extended over the inner left front.contact
of relay 404, outer right back contact of reiay
403 to conductor 419 fo time the reception of
the designation.

When the units digit has been dialed as indi-
cated by the operation of magnet 708 or dial-
ing has been completed as indicated by the op-
eration of relay 889, either of which is followed
by the operation of relay 403, ground is again
disconnected from the timing relays, restoring
them to normal.
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‘When relay 403 operates, a circuit is closed

from battery through the winding of relay 40i,
right back contact of relay 462, conductor 4I1,
right back contact of relay 116, conductor 23,
outer left front contact of relay 403, left front
contact of relay 40%, over the back contacts of
the timing relays to conductor 353. Relay 401
locks over the back contact of relay 110 and the
outer right contact of relay 40 to conductor 353.
Relay 4081 also connects ground from conductor
382 ~ver its inner right contact to conductor 418
to time the release of the sender. :

After the permanent signal relay 413 has been
operated over the front contact of relay 409 to
summon a decoder and establish & connection
with a permanent signal operator, the ground
maintained on conductor 419 causes the reoper-
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ation of relays 406 and 407 after about thirty

seconds. Relay 407 connects ground from con-
ductor 419, over the left front contacts of re-
lays 407 and 409 to resistance 423 in shunt of
the winding of relay 408 which now releases.
Relay 409 is held operated as long as relay 407
remains operated. With relay 408 released, a
circuit is closed from battery through the wind-
ing of relay 402, conductor 428, outer right con-
tact of relay 408, right front contact of relay 408
to grounded conductor 353. Relay 402 locks di-
rectly to conductor 353. With relay 402 operated,
a- circuit is closed from battery . through- the
winding of relay 4il, outer left front contact
of relay 402 to grounded conductor 353. Relay
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411 locks over its inner lett front contact, outer
left back contact of relay 403 to conductor 353.
If dialing is started but not completed promptly,
the operation of relay 409 closes a circuit from
battery through the winding of relay 411, Inner
right ‘back contact of relay 403, right front con-
tacts of relays #05 and 409 to conductor 353.
Relay 411 locks in the circuit above traced.

If release is delayed, with relays 938 and 922
normal, relay 402 operates at the end of thirty
to sixty seconds over conductor #28, back contact
of relay 936, lower back contact of relay 922,

" conductor 992, right front -contact of relay 408,

right front contact of relay 4085, right front con-
tact of relay 409 to grounded conductor 353. If
either of these relays is operated, the operation of
relay 402 is delayed an additional thirty seconds
until relay 408 releases. As before, relay 402
operates relay 411 which locks. Relay 402 also
opens the circuit of relay 481, in turn releasing the
timing relays 406 to 409. Relay 401 also opens
the circuit of relay 243, thereby releasing the call
indicator impulsing relays if operated. Relay 402
also connects ground from conductor 353-over its
middle left contact and the right front contact of
relay 404 to conductor 429 to operate a stuck
sender meter (not shown). If the sender fails
to release following a permanent signal condition,
this meter is not operated since relay 404 is not
operated.

Reley 411, when operated and locked in any
one of the ways above described, opens the lock-
ing circuit of relay 404 thereby releasing the tim-
ing relays if dialing has not been completed, At
its outer left front contact it connects its lock~
ing ground to conductor 833 and the winding of
relay 201. Relay 207 starts relays 200 and 201
to pulsing in the manner previously described.
Since relay 213 is normal, the pulsing takes place
at the slow rate. At each operation of relay 204
ground is connected over the contact of relay
201, conductor 231, outer right front contact of
relay 411, conductor 124, outer right back con-
tact of relay 104, conductor 426 to the monitor’s
position, where it causes the corresponding sender
lamp to flash. ’

Upon observing the lamp signal, the operator
will insert a plug in the jack (not shown) in
which conductors 125, 126 and 127 terminate.
Battery on the sleeve of the plug operates relay
109 which in turn operates relay 104, connecting
ennductors 125 and 126 to the line conductors 112
and 113, respectively, permitting the monitor to

talk to the subscriber if he is still listening. Relay

104 also disconnects the intermittent ground
from conductor 426 as long as the monitor is
connected with the circuit. It also closes & cir-
cult from battery through the right winding of
relay 310, conductor 115, left normal contact of
relay 101, and thence either through resistance
128 and the inner left front contact of relay 104
to ground at the right back contact of relay 107
or over the right front contact of relay 109, re-

sistance 129, conductor 130, outer left front con-

tact of relay 313, conductor 366 to ground at the
right back contact of relay 107.. These circuits
hold relay 310 operated to prevent breaking the
connection between line, district and sender, while
the monitor is connected with the sender.

The monitor will ask the subscriber, if present,
to release the sender by restoring his receiver
to the switch-hook. If this fails, as indicated
by the sender lamp flashing again when the
monitor withdraws her plug, she may frequently
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cause a release by inserting the talking plug in
the priming jack, the tip of which is connected
to conductor 421 and relay 412. If relay 930
has not been operated, because only part of the
code digits have been dialed, relay #12 closes a
circuit from battery through the winding of
permanent signal relay 413, inner left front con-
tact of relay 412, conductor 428, to ground at the
lower back contact of relay 830. A connection
will E:en be attempted with a permanent signal
trun

10

If relay 930 has been operated, ground at-its ‘

.lower front contact extends over conductor 993,

inner right contact of relay 412, outer left back
contact of relay 413, to conductor 1254 and the
winding of relay 309, and from conductor 993
over the outer right contact of relay 412, inner
left back contact of relay 413 to the winding of
relay 308. The calling line and then the sender
are released as on an ahandoned call, the line
seizes another sender and is connected to a
permanent signal trunk. The circuits of relays
308 and 309 are carried over contacts of relay 413

‘to prevent their premature operation when relay

930 is operated in summoning the decoder for a
permanent signal call as previously. described.
Relay 412 also connects ground to the winding
of relay 315 to hold the sender busy if the cord is
not withdrawn to release relay 412 promptly.

Second trial with decoder

It will be Temembered that under an overflow
condition, ground was connected to conductor 974
and the winding of relay 932 to summon a second
decoder. A second trial may also be made under
other circumstances. If the decoder encounters
trouble in receiving information from thé sender,
in decoding that information or in transmitting
the information to the sender, it connects ground
to conductor 81{ so that the sender may release
it and make a second trial.

If the decoder encounters trouble in establish-
ing the connection through the district and office
frames after disconnecting from the sender but
while holding relay 301 operated through the
district junctor, it connects ground to conductor
329 which extends over the outer right front con-
tact of relay 301, to conductor 87( and the winding
of relay 932. i

If the decoding operation is successful on the
second trial in any of these cases, relay 831 is op-
erated as previously described but relays 932 and
933 remain locked up. If, therefore, a failure oc-
curs again on the second trial, the connection of
ground to conductor 871 closes a shunt to battery
through resistance 990, releasing relay 932 which,
in turn, releases relay 930 as well as the decoder
connector if it is engaged at the time. Relay 933
is held operated in an independent locking cir-

cuit and the sender waits until the timing relays-

summon the monitor. :
Coin tests

The progress of a successful coin test, and the
manner in which the coin test is canceled for non-
coin lines or no charge codes has already been
described. The operation of the coin test circuits
when failures occur will now be described.

It will be remembered that, with relay 11 op-
erated to indicate that a coin line is calling, relays
107 and 108 operate as soon as the completion of
dialing is indicated by the operation of relay 809.
With these relays operated, relay 810 is held op-
erated over the outer left front contact of relay

16

20°

30

40

60

75



it

10

20

40

60

70

75

2,106,360

lOT'; the tip conductor 112 is connected over the
left normal contact of relay 104, inner left front
contact of relay 108, middle winding of relay 103,

right back contact of relay 102, right winding of-

relay {06 to ground through resistance ({9; and
the ring conductor fi3 is connected over the right
normal contact of relay 109, inner right front con-
tact of relay (08, right winding of relay 103, outer
left back contact of relay 102, left winding of re-
lay (06, resistance 129, middle right contact of
relay 108 to the source of coin collect battery.
These circuits serve to test for the presence of
ground at the calling substation. If a ground is
present, relay 106 operates as previously described.
If no ground other than the allowable 10,000 chm
leak is present on the line, relay 166 does not re-
ceive sufficient current and does not operate. Re-
lay 103 is operated in either case.

When relay 108 operates at the beginning of
coin test, it closes a circuit from battery through
the winding of relay 207, conductor 833, outer left
front contact of relay (08 to ground. It also con-
nects ground over its third left contact to con-
ductor 528 to provide a locking circuit for relays
506 and §i6. Relay 207 starts pulsing by relays
200 and 20 which operate at the slow rate. Relay
261 at its first operation, connects ground over

“conductor 231, right back contact of relay 4it,

conductor 416, inner left back contact of relay
215, conductor 232, upper back contact of relay
516, winding of relay 506 to battery. Relays 506
to 508 and 516 to BI8 operate under the conirol
of relay 20i to measure off an interval of three
to five seconds. When relay 518 operates it ex-
tends the circuit controlled by relay 201, over con-
ductor 521, outer right front contact of relay 188
to the winding of relay {18. Relay 110 locks to
ground at the right back contact of relay 105,
opens the locking circuit of relay 401 to stop the
timing relays, connects ground from the inner lef
back contact of relay 109 to conductor 134 to sig-
nal the monitoring operator and connects ground
irom the outer left contact of relay 189 to con-
ductor 430 leading to an auxiliary signal.

The monitoring operator plugs into the jack
(not shown) in which conductors 125, 126 and
127 terminate, thereby operating relay 169 which
extinguishes the signal at the monitor’s position
as well as the auxiliary signal. Relay {09 aisc
operates relay (04 which connects the calling line
with the monitor talking conductors and holds re-
lay 103 operated in a circuit from the coin collect
battery source, middie right front contact of re-
lay 108, resistance 120, left winding of relay 106,
outer left back contact of relay 102, right winding
of relay 103, inner right front contact of relay 08,
resistance 128, inner left front contact of relay
104, inner left front contact of relay 108, middle
winding of relay (03, right back contact of relay
102, right.winding of relay 1086, to ground through
resistance 119. This transfer is made in such a
way as to prevent ground from the monitor’s cord
circuit falsely operating the coin test relays.

The operator requests the deposit of 2 coin and
disconnects, relighting the coin lamp and restor-
ing the coin test circuits, If a coin is then de-
posited, relay 108 operates and the test is com-
pleted as described above and the coin lamp is
extinguished to inform the operator that the tests
have been satisfied. :

After relay (06 operates in response to the
ground test, it locks and operates relay {02 which
disconnects the line conductors from relay 06
and extends the tip conductor over its outer right
front contact to the left winding of relay 10 and
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ground at the right back contact of relay 105. It
also extends the ring conductor over its inner
right front contact, right winding of relay 161 to
the coin collect battery over the middle right con-
tact of relay 108.

If there is a solid ground on the line, as might
be used in attempting a free call, relay 101 oper-
ates, in turn operating relay 100 in a circuit from
battery at the right front contact of relay 106,
winding of relay {00, front contact of relay i0{

‘to ground at the right back contact of relay 195.

Relay 100 locks over its inner right contact to
ground at the back contact of relay 105, inde-
bendent of relay 10f. When relay 102 operates, it
cpens the circuit of relay #i1. Relay 111 is slow
to release and if relay 181 is not operated, closes
its left back contact after a short interval. How-

- ever, if relays 101 and 100 are operated by a solid

ground, relay {01 extends its locking ground over
its outer right contact to conductor 364, prevent-
ing the release of relay 141,

Since relay H{ cannot release, relay 110 is op-
erated at the end of the time interval measured
by relays 200, 201, 506 to 508 and 516 to 518 as
above described, signaling the monitor. The re-
sponse of the monitor releases relays 106, 102 and
100 so that the coin test may be restarted at the
beginning, . i

If the coin test is not satisfed, as indicated
by the continued illumination of the coin lamp
at the monitor’s position, she may release the
sender by inserting the plug of her cord .in the
priming jack leading to relay 4i2 as previously
described. . ’

What is claimed is:

1. In a telephone system having selector

switches for extending connections from a sub-'

scriber’s line, a sending mechanism having reg-
isters for registering digits indicative of the
designation of a desired line, other registers,
means under the control of said first registers
for operating said other registers, means for con-
trolling the selective movements of said switches
in accordance with the setting of said registers,
a chain of relays and means for successively and
repeatedly operating said relays to associate said
controlling means sequentially with said regis-
ters. : ’ i

2. In .a telephone system having selector
switches for extending connections from a sub-
scriber’s line, a sending mechanism having reg-
isters for registering digits indicative of the
designation of a desired line, a plurality of sets
of other registers, means under the control of
said first registers for operating said other reg-
isters, means for controlling the selective move-
ments of said switches in accordance with the
setting of said registers, a chain of relays, means
for successively operating said relays to associate
said controlling means sequentially with one of
said sets of registers, and means to determine
whether said. relays shall be reoperated to asso-
ciate said controlling means with another of said
sets of registers. ,

3. In a telephone system having sclector
switches for extending connections from a sub-
scriber’s line, a sending mechanism having reg-
isters for. registering digits indicative of the
designation of a desired line, a plurality of sets of
other registers, means under the control of said
first registers for operating said other registers,
means for confrolling the selective movements
of said switches in accordance with the setting
of said registers, a chain of relays, means for
successively operating a portion.of said relays to
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assoclate said controlling means sequentially with
one of said sets of registers, and means to deter-
mine whether said portion of said relays shall be
reoperated to associate said controlling means
with another of sald sets of registers, or all of
said relays shall be operated to associate said
controlling means with said first registers.

4. In a telephone system having selector
switches for extending connections from a sub-
scriber’s line, a sending mechanism having reg-
isters for registering digits indicative of the
designation of a desired line, other registers,
means under the control of said first registers for
operating said other registers, means for control-
ling the selective movements of said switches in
accordance with the setting of said registers,
a chain of relays, means for successively and re-
peatedly operating said relays and means to
determine whether said relays shall associate said
controlling means with said first registers or with
said other registers.

5. In a telephone system having selector
switches for extending connections from a sub-
scriber’s line, a sending mechanism having reg-
isters for registering digits indicative of the
designation of a desired line, a plurality of sets
of other registers, means under the control of
said first registers for operating said other reg-
isters, means for controlling the selective move-

ments of said switches in accordance with the

setting of said reglsters, a chain of relays, means
for successively operatmg said relays to asso-
ciate said controlling means sequentially with one
of said sets of registers, a relay to determine
whether said relays shall be reoperated to asso-
ciate said controlling means with another of said
sets of registers, and means to operate said deter-
mining relay under the control of said first reg-
isters.

6. In a telephone system having selector
switches for extending connections from a sub-
scriber’s line, a sending mechanism having reg-
isters for registering digits indicative of the
designation of a desired line, a plurality of sets
of other registers, means under the control of
said first registers for operating said other reg-
isters, means for controlling the selective move-
ments of said switches in accordance with the
setting of said registers, a chain of relays, means
for successively operating said relays to asso-
ciate said controlling means sequentially with
one of said sets of registers, a relay to determine
whether said relays shall be reoperated to asso-
ciate said controlling means with another of
said sets of registers, and means for operating
said determining relay either under the control
of said first registers or under the control of said
chain of relays.

7.In a telephone system having selector
switches and trunks for extending connections
from a subscriber’s line, a sending mechanism

having registers for registering digits indicative

of the designation of a desired line, means for
controlling the selective movements of said
switches in accordance with the setting of said
registers, means for testing the operative condi-
tion of said trunks, a chain of relays, and means
for successively operating said relays to render
said testing means effective and to -associate said
controlling means sequentially with said reg-
isters. .

8. In a telephone system . having selector
switches and trunks for extending connections
from a subscriber’s line, a sending mechanism
having registers for registering digits indicative
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of the designation of a desired line, other reg-
isters, means under the control of sald first reg-
isters for operating sald other registers, means
for controlling the selective movements of said
switches in accordance with the setting of
said registers, means for. testing the operative
condition of said trunks, a control circuit ex-
tending from sald sender to said switches and to
said trunks, a train of relays and means for suc-
cessively operating sald relays to associate said
controlling means sequentially with said registers
and to associate said testing means over said
control circuit with said trunks.

9. In a telephone system having selector
switches and trunks for exiending connections
from a subscriber’s line, a sending mechanism

“having registers for registering digits indicative

of the designation of & desired line, other regis-
ters, means under the control of sald first regis-
ters for operating said other registers, means for
controlling the selective movements of said
switches in accordance with the setting of said
registers, means for testing the operative condi-
tion -of said trunks, a control circuit extending
from sald sender to said switches and to said
trunks, a train of relays and means for succes-
sively and repeatedly operating said relays to as-

sociate said controlling means sequentially with .

sald registers and to associate said testing means
over said control circuit with said trunks.

10. In a telephone system, a sending mecha-
nism for controlling the establishment of con-
nections from subscribers’ lines having coin boxes,
said mechanism having registers for registering
the digits of line designations dialed by a call-
ing subscriber, a pulsing relay and a switching
relay for controlling the transmission of code im-
pulses in the establishment of connections to
manual and tandem offices, means controlled by
said pulsing relay and said switching relay for
measuring a delay interval to enable the calling
subscriber to dial and register a stations digit
on one of said registers, means in said sender for
testing for the deposit of a coin in the coin box
of said calling line, means controlled by said puls-
ing relay and said switching relay for measuring
a delay interval to enable the operation of said
testing means, and mesaas operable at the termi-
nation of said delay interval for operating. a signal
if said coin test fails.

11. In a telephone system, a sending mecha-
nism for controlling the. establishment of con-
nections from subscribers’ lines having coin box-
es, said mechanism having registers for regis-

tering the digits of line designations dialed by a

calling subscriber, a pulsing relay and a switch-
ing relay for controlling the transmission of code
impulses in the establishment of connections to
manual and tandem offices, means controlled by
sald pulsing relay and said switching relay for
measuring a delay interval to enable the calling
subscriber to dial and register a stations digit on
one of said registers, means in said sender for
testing for the deposit of a coin in the coin box
of said calling line, means controlled by said puls-
ing relay and said switching reiay for measuring a
delay interval to enable the operation of said test-
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ing means, and means to vary the speed at which

" said pulsing relay operates.

12. In a telephone system, a sending mecha-
nism for controlling the establishment of con-
nections from subscribers’ lines having coin boxes,

. said mechanism having registers for registering
- the digits of line designations dialed by a calling

subscriber, a pulsing relay and a switching relay
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for controlling the transmission of code impulses
in the establishment of connections to manual
and tandem offices, means controlled by said
pulsing relay and said switching relay for measur-
ing a delay interval to enable the calling sub-
scriber to dial and register a stations digit on
one of said registers, means in said sender for
testing for the deposit of a coin in the coin box
of said calling line, means controlled by said
pulsing relay and said switching relay for measur-~
ing a delay interval to enable the operation of
said testing means, and means to vary the speed
at which said pulsing relay operates in accord-
ance with the function to be performed.

13. In a telephone system, a sending mecha-
nism for controlling the establishment of con-
nections from subscribers’ lines having coin boxes,
said mechanism having registers for registcring
the digits of line designations dialed by a calling
subscriber, a pulsing relay and a switching relay
for controlling the transmission of code impulses
in the establishment of connections to manual
and tandem offices, means controlled by said
pulsing relay and said switching relay for meas-
uring a delay interval to enable the calling sub-
scriber to dial and register a stations digit on
one of said registers, means in said sender for
testing for the deposit of a coin in the coin box
of said calling line, means controlled by said
pulsing relay and said switching relay for meas-
uring a delay interval to0 enable the operation of
said testing means, and means effective when
said pulsing relay and switching relay are used
for measuring time intervals to decrease the speed
at which said pulsing relay operates.

14. In a telephone system, s sending mecha-
nism for controlling the establishment of con-
nections from subscribers’ lines having coin boxes,
said mechanism having registers for registering
the digits of line designations dialed by a calling
subscriber, a pulsing relay and a switching relay
for controlling the transmission of code impulses
in the establishment of connections to manual
and tandem offices, means controlled by said

5 pulsing relay and said switching relay for measur-

ing a delay interval to enable the calling sub-
seriber to dial and register a stations digit on
one of said registers, means in said sender for
testing for the deposit of a coin in the coin box

.+ of said calling line, means controlled by said puls-

ing relay and said switching relay for measuring
a delay interval to enable the operaiion of said
testing means, a circuit for said pulsing relay,
resistances for insertion in said circuit, means
effective when said pulsing relay and switching

‘relay are used for measuring delay intervals to

include said resistances in said circuit to cause
said pulsing relay to pulse slowly, and means
effective when sald pulsing relay and switching
relay are used to transmit code impulses to short-
circuit said resistances to cause said pulsing re-
lay to pulse at a higher speed.

15. In a telephone system, a calling subscrib-
er’s line, selector switches for extending a con-
nection from said line, a register sender for con-
{rolling said switches, a dial associated with the
calling line for setting the registers of said
sender in accordance with the designation of a
desired connection, and an all relay time meas-
uring device in said sender for measuring time
intervals within which dialing should be initiated,
within which dialing should be completed, and
during which the sender should be released.

16. In & teiephone system, & calling subscrib-
er’s line, selector switches for extending a con-
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nection from said line, a register sender for con-
trolling said switches, a dial associated with the
calling line for setting the registers of said sender
in accordance with the designation of a desired
connection, an all relay impulse generator in
said sender, an all relay time measuring device
controlled by said impulse generator, a signal
and means controlled by sald timing device to
operate said signal if said calling subscriber fails
to complete dialing within a predetermined in-
terval.

17.In a telephone system having selector
switches and trunks for extending. connections
from a subscriber’s line, a sending mechanism
having a unitary registering device for register-
ing the digits indicative of the designation of the
desired line, means for recording each digit as
dialed, means including a relay for successively
transferring the recorded digits to said unitary
registering device, a separate relay for use in
transferring the digit 1 from sald recording
means to sald registering device, and means to
render said separate relay effective before and
after the registration of the first code digit.

18. In a telephone system having selector
switches and trunks for extending connections
from a subscriber’s line, a sending mechanism
having a unitary registering device for register-
ing the digits indicative of the designation of
the desired line, means for recording each digit
as dialed, means including a relay for successively
transferring the recorded digits to said unitary
registering device, a separate relay for use in
transferring the digit 1 from said recording
means to said registering device, and means to
render said separate relay ineffective during the
reception of the first code digit.

19. In a telephone system having selector
switches and trunks for extending connections
from a subscriber’s line, a sending  mechanism
having a unitary registering device for register-
ing the frame designation of one of said selector
switches and the digits indicative of the designa-
tion of the desired line, means for recording each

-digit as dialed, means including a relay for suc-

cessively transferring the recorded digits to said
unitary registering device, a separate relay for
use in transferring the digit 1 from said record-
ing means to sald registering device, means to
render said separate relay effective to record said
frame designation, to render said relay ineffective
during the registration of the first code digit and
to render it again effective to register the re-
maining digits.

20. In a telephone system havlng selector .

switches and trunks for extending connecticns
from a subscriber’s line, & sending mechanism
having & unitary registering device for register-
ing the digits indicative of the designation of the
desired line, means to record the frame designa-
tion of one of said selector switches, means for
recording each digit as dialed, means for succes-
sively transferring said frame designation and
said recorded digits to said unitary registering
device, and means to prevent the transfer of any
one of said recorded digits to said unitary regis-
tering device if said frame deaignatjon has not
been recorded.

21. In a telephone system having selector
switches and trunks for extending connections
from a subscriber’s line, a sending mechanism
having means for registering digits indicative of
the designation of a desired line and registers for
coutrolling said selector switches, a decoder,

.means for establishing a direct cohnection with
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said decoder, means for operating said decoder
under the control of sald digit registering means
and means for operating said selector controlling
registers from said decoder, means for establish~
ing an indirect connection with said decoder and

for releasing said direct connection and means .

controlled over said indirect connection for re-
leasing sald selector controlling registers.

22. In a telephone system having selector
switches and trunks for extending connections
from g subscriber’s line, a sending mechanism
having means for registering digits indicative of
the designation of a desired line and registers
for controlling said selector switches, a decoder,
means for establishing a direct connection with
said decoder, means for operating said decoder
under the control of said digit registering means
and means for operating said selector controlling
registers from said decoder, means for establish-
ing an indirect connection with said decoder,
and means controlied over said indirect connec-
tion for initiating the control of selections.

23. In a telephone system having selector
switches and trunks for extending connections
from a subscriber’s line, a sending mechanism
having means for registering digits indicative of
the designation of a desired line and registers
for controlling said selector switches, a decoder,
means for establishing a direct connection with
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sald decoder, means for operating said decoder
under the control of said digit registering means
and means for operating sald selector control-
ling registers from said decoder, means for es-
tablishing an indirect connection with said de-
coder, and means responsive to one signal over
sald indirect connection to initiate the control
of said selectors and means responsive to a dif-
ferent signal over said indirect connection to re-
lease said selector controlling registers.

24. In a telephone system having selector
switches and trunks for extending connections
from & subscriber’s line, a sending mechanism
having means for registering the designation of
desired lines, other registers for controlling sald
selectors, a decoder, means for establishing con-
nection with said decoder, means for operating
said selector controlling registers from said des-
ignation register by means of sald decoder,
means for releasing sald decoder, a control cir-
cuit for controlling said selectors, means respon-
sive to a premature reverse battery signal over
sald control circult for releasing said selector
controlling registers, means for connecting with
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another decoder, and means for transmitting a 2

signal to sald second decoder indicating that
such a reverse battery signal has been received.

RALPH RAYMOND.



