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This invention relates to automatic telephone Figs. 14 to 17 show connection control eguip-
systems and has for its object to maintaln the ment;
efficiency thereof by providing test equipment .Fig. 7 shows a coin type district;

which causes the sutomatic apparatus to func- Fig. 8 shows in diagrammatic form a coin con-
5 tion as in service and reacts thereto to detect ftrol circuit;
faults in such functions. Fig. 13 shows a schematic marker, sender and

More specifically, originating telephonic con- swifches for connecting the junctors therewith
nections in the cross-bar system are extended and with the test lines;
through district junctors which control the con- Fig. 18 shows a message rate type district, and
10 hection in the originating office. They vary in ~ Fig. 19 shows the manner in which the other
accordance with the manner in which calls are figures should be arranged.
to be charged, being associable with different Briefly, the operation of the test circuit is as
charging means and controlling the charging follows: In accordance with the type of test to
means in a variety of ways. be made, one or more of the keys of Fig. 9 is op-
15 Testing systems have been designed heretofore erated, each key representing a particular test.
for testing similar circuits in the panel system. The start key is then operated, causing the
The present invention is concerned with tests switches 1500, 1600 and 1610 to advance to select
particularly applicable to the cross-bar system. the first cross-bar junctor switch and the first
In accordance with the present invention, the level and the first horizontal position thereof.
20 test circuit is associated with the junctors to be Thereupon, the cross-point leading to the first
tested over a set of cross-bar switches and means district junctor is closed. In general, the junc-
is provided for progressively operating the cross- tor is given a busy test and if idle, is directed to
points of the switches, together with means for a test line. Then the supervisory relays are test-
insuring the release of one junctor before the ed and finally the charging equipment. The test
o5 next junctor is seized. class switch 900 is then advanced to the next
The district junctors maintain a busy condition class of test and that test is made on the same
as long as the junctors are in use and in accord- junctor. After the tests corresponding to all
ance with the present invention the test circuit operated keys have been made, the switch 1600
maintains a continuous test for this busy condi- is advanced to release the cross-point and then
30 tion while testing other features of the junctor, further advanced to operate the next cross-
as well as testing for its absence before starting point. After the ten cross-points in the first level
tests. . In a similar manner, district junctors as- have been used, switch 1610 is advanced t{o re-
sociable with linés having message registers, lease the select magnet of the first level and is
maintain a guarding condition on the charging then stepped to the next position where it oper-
35 circuit except when the circuit is in use, and the ates the select magnet of the second level, and
test circuit also makes a continuous test for this switch 1800 is reoperated to close the cross-points
guarding condition. of that level in succession. - When the last junc-
Charge current must be applied for a minimum tor accessible through the first cross-bar switch
length of time in order to insure the operation is tested, switch 1800 is advanced to select an-
40 of the register or coin box. The test circuit of other switch.
the present invention tests for a sufficient dura- As above indicated the keys of Fig. 9 determine
tion of charge current and varies the action of the tests to be made and the off-normal positions
the timing means in accordance with the type of switch 800 correspond thereto. The tests
of junctor being tested. which may be made, with the key and position of
45 These and other features of the invention will switch 900, are as follows:
be more apparent from a consideration of the
following description in connection with the at-
- tached drawings, in which:
Figs. 1 to 6, 8 to 12 and 14 to 17 disclose the
$0 test circuit;
Figs. 1 and 2 show & dial pulsing circuit;
Figs. 3 and 9 show a class circuit;
Figs. 4, 5 and 6 show charge testing equipment;
Figs. 10, 11 and 12 show supervisory test
s equipment;

Position Key | Lamp + Test

920 | Local charge.
Free call,

922 | Call to operator
923 | Disconnect,

924 | Condenser test,
925 | Automatic release.

Zone.
Tip party charge.
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The tests made in positions 13 and 15 are ap-
plicable only to certain types of junctors and
therefore these keys should not be operated alone.

Relays 313 to 326 are individual to the vari-
ous types of district junctors and are operated
under the joint control of the group relay and the
level switch, cross-connections being provided to
accommodate the test circuit to the arrangement
of the particular office in which it is installed.
Elach relay has a corresponding lamp 380 to 312
which is lighted to indicate the type of district
junctor under test. For zone and two party tests
it is necessary that the proper district class relay
be operated to permit the test to be made.

Switch 800 also controls the dial pulsing cir-
cuit by operating one of the relays 100, 11{, 112,
or 113 to control the code transmitted, in order
to give the marker the proper indication.

For convenience, only two types of district
junctors have been shown, namely, that of Fig. 18
which is arranged for use with two party lines
having message rate local and overtime service
but no zone service and that of Fig. 7 which is
arranged for use with lines equipped with coin
boxes and is also arranged for collecting for over-
time calls.

The district junctor of Fig. 18 is marked idle
by battery on conductor 1827 and holds the line
switches by connecting ground to conductor 1787
and the district and office switches by connecting
ground to conductor 1328 under the control of
the incoming supervisory relay 1806. 'The out-
going supervisory relay 1811 controls the charg-
ing by means of cams 1820 and 1821 and controls
the automatic release by means of interrupters
1825 and 1826. During the establishment of a
connection the junctor is connected with a
marker and relay 1805 is operated to permit a
record to be made for controlling the charge. In
the message rate district the charge is made at
the beginning of each conversational periocd.

In the coin junctor of Fig. 7, relays 730, 719
and 729 have the same functions as relays {806,
1811 and 1805, respectively. In this junctor the
coin is collected near the termination of the
conversational period.

Connection with district junctor

An automatic test of all of the district junctors
in the cross-bar office is started by the operation
of the start key 1422. The operation of this key
closes a circuit from battery through the wind-
ing of relay 1421, right back contact of relay
1420 to ground at the left contact of key 1422.
Relay 1421 operates in this circuit and ex-
tends this same ground over its left con-
tact, left back contact of relay 1548 to the
winding of relay (409 and battery. Relay 1409
locks over its middle left front contact to ground
over the left contact of start key 1422 and also
prepares a holding circuit for itself under the
control of relay 1023 by which it is prevented
from releasing prior to the completion of a test
call. The operation of the start key 1422 also
closes a circuit over the right back contact of
relay 1417 to the winding of relay 1414 and bat-
tery, in which circuit relay 1414 operates.

The district junctors are connected to the test
circuit by means of the cross-points of cross-bar
switches such as switch 1700. In order to control
the successive closure of the various cross-points,
and thereby the successive seizure of the district
junctors, three control switches 1500, 1600 and
1610 are provided. At the beginning of the test
these switches should be in normal position and

2,227,380

the operation of rclay 1409 advances these
switches into position to control the selection of
the first district junctor to be tested. To this
end the operation of relay. 1409 closes three cir-
cuits, namely, from ground at its inner right
contact to conductor {426 and thence in parallel
over the normal contact of brush 1502 to the back
contact and winding of stepping magnet 1507 and
battery; over the normal contact of brush 1602
to the back contact and winding of magnet 1605
and battery; over the normal contact of brush
1612 and the back contact and winding of magnet
1616 and battery. Due to the closure of these
circuits, switches 1500, 1600 and 1610 are simul-
taneously stepped to their first working posi-
tions.

Switch (508 controls the selection of a group
of district junctors by the selection of a par-
ticular cross-bar switch having access to that
group of junctors. In its first off-normal posi-
tion a circuit is closed from ground at the second
right front contact of relay 1409, conductor 1428,
brush 1503 and its first off-normal contact, con-
ductor 1554, to the winding of multicontact group
relay 1150 and battery. This relay is associated
with cross-bar switch 1700 to which the first
group of one hundred district junctor circuits are
connected for test. In other positions of group
switch 1530 other group relays, such as relay
1169, are operated, which relays are each associ-
ated with cross-bar switches to which other
groups of district junctor circuits are conneected.

With relay 758 operated, a circuit is closed
from ground over the first off-normal contact of
brush 613 to lamp (640 and battery and in par-
allel therewith over armature 17170 of relay (750
to the winding of select magnet 1720 and battery.
The select maznet (720 operates, preparing the
first row of cross-points of switch {790. As an
indication that the cross-points have been pre-
pared, magnet 1720 also closes its left contact,
completing a circuit over armature 1711 of relay
1750, winding of relay 1606 and battery. Relay
1606 operates, closing a circuit over its front con-
tact and brush 1603 in its first off-normal posi-
tion to lamp 1620 and battery, and in parallel
therewith over armature 1772 of relay 1150 to the
winding of hold magnet 1730 and battery. ‘Mag-
net 1730 closes cross-point {740, thereby con-
necting the first district junctor circuit which
is shown in Fig. 18 to the test circuit in prepara-
ion for test.

Magnet 1739 also connects ground over its front
contact, armature 1715 of relay 1750, conductor
1776, winding of relay 1408 to battery, as an in-
dication that the cross-point has been closed.
With relay 1408 operated, a circuit is closed from
ground at the outer right front contact of relay
1409, inner left back contact of relay | 445, right
front contact of relay 1408, right back contact
of relay 1413, left normal contact of relay 1419
to the winding of relay 1407 and battery. Relay
1407 operates, closing a circuit from grounded
conductor 1426, over the normal contact of test
switch brush 1002, conductor 10317, front contact

of relay 1407, right back contact of relay 935 to.

the winding of relay 1420 and battery. With
relay (420 operated, the circuit is ready to make
the busy test of the selected district junctor.

Busy test of district junctor:

In order not to interfere with service connec-
tions, a test can only be started while the district
junctor is idle, and the test circuit having
selected a district junctor, first makes a test to
determine whether that junctor is free.
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The junctor of Fig. 18 which has been selected,
if idle, 1s so marked by the presence of battery
on conductor 1827, connected thereto over the
normal contact of the make-busy jack 1808, left
back contact of relay (809, right back contact of
With
cross-point 1740 closed, this battery is extended
over the uppermost contact of the cross-point,
armature {101 of relay 1750, conductor 17118, left
winding of relay 147, outer right front contact
of relay 1420 to ground at the left contact of
start key 1422,

The operation of relay 1428, in addition to
completing the busy test circuit above traced,
opens the circuit of relay (421 which is slow to
release. If the district junctor tested is busy, so
that battery is absent from the circuit of relay
1417, relay 1421 releases completely, lighting the
busy lamp 1425 over the outer right back contact
of relay 1421, middle left contact of relay 1410,
outer left front contact of relay 1420, to ground
at the outer right back contact of relay 141{6.

- Relay {421 also prepares a circuit for causing the
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test circuit to release the busy junctor and select
the subsequent junctor under control of the pass
busy key 1428 as will be hereinafter described.
Assuming that the junctor is idle, however, the
operation of relay {417 connects ground over its
inner left front contact to the winding of relay
1421 to prevent its release. At its right back
contact, relay 1417 opens the circuit of slow-re-
lease relay 1414, which, after an interval, closes
a circuit for causing the sender control circuit
1607 fo select an idle sender and connect it with
the district junctor to be tested. This circuit
may be traced from battery through the winding
of relay 1418, outer right front contact of relay

1417, left back contact of relay 1414, outer left .

back contact of relay (410, second right front
contact of relay 1420, conductor (430, armature
717 of relay 1150, conductor 17102, to the sender
link control circuit (607. This circuit extends in
the sender link control circuit to a relay which
operates as a signal for setting up a connection
between the district junctor circuit under test
and a subscriber’s sender. Relay 1418 operates
in this circuit, closing a locking circuit for relay
1417 from battery through the right winding and
inner right contact of relay 147 to ground at the
left contact of relay 1418. The test circuit indi-
cates to the sender link control circuit 1607 the
identity of the district selector with which the
sender is to be connected by grounding conductor
1630, over brush 1611 of switch {810 to identify
the group of district junctors and by connecting
battery through resistance 1608 over brush 1601
to conductor 1631 to indicate the particular junc-
tor in the group above ldentified. In response
to these three signals the sender link control cir-
cuit {607 causes a connection to be established
from the district junctor of Fig. 18 through pri-
mary sender selector 1303 and secondary sender
selector 1304, to an idler sender indicated by
rectangle 1318. : -

Upon the establishment of this connection thi
operation of primary sender selector hold mag-
nets connects ground to conductors 132{ and
1322, Ground on conductor 1321 operates relay
1809 which disconnects battery from conductor

1827, removing the idle indication from the junc--

tor., Ground connected to conductor 1322 com-
pletes & circuit which may be traced over the left
back contact of relay 1813, resistance {807, to
conductor 1787 to mark the junctor busy.

When the control circuit 1607 has completed

3

its functions it connects ground to conductor
1632, completing a circuit over the third left front
contact of relay 1420 to the winding of relay (419
and battery as an indication to the test circuit
that the sender is ready.

Relay 1419 operates in this circuit and locks
over its.left alternate contact, right back contact
of relay {413, right front contact of relay 1408,
inner left contact of relay 1845 to ground at the
outermost right contact of relay $409. 'The
opening of the left normal contact of relay 1419
opens the circuit of relay 1407 which releases, in
turn releasing relay 1420. With relay 1420 re-
leased, the circuit of relay (821 is reclosed under
the control of start key 1422 in preparation for
testing the next district junctor, and relays 1418
and {417 are released. Relay 1419 also closes
a circuit from battery through the winding of
relay 1416, conductor {431, outer right back con-
tact of relay 1032, conductor 1038 to ground at
the third right front contact of relay (419. In
addition, relay 1419 connects ground to conduc-
tors 1432 and 1433 to prepare the class and test
circuits for operation, while relay 1416 prepares
the circuits between the district selector and the
supervisory test equipment. In addition, the op-
eration-of relay 1416 extends the ground con-
nected to conductor {187 over the cross-point
1140, contact 1703 of group relay 1150, conductor
17184, inner left front contact of relay 1416, con-
ductor 1438, left back contact of relay 1032 to
the winding of relay 103! and battery. Relay
1031 operates and locks to conductor 1438 inde-
pendent of relay 10632, Since the ground is main-
tained on conductor 1322 as long as connection
between the district junctor and the sender 1318
is maintained, the operation of relay 1831 is an
indication to the test circuit of that fact.

As above described, the terminals over which
the brush 1614 moves are cross-connected over
the contacts of the group relays to the class re-
lays of Fig. 3 to indicate the type of district
connected to the level indicated by the position
of switch 1600 in the cross-bar switch identified
by the operated group relay. The district junc-
tor shown in Fig. 18 to which this test circuit
has been connected is one which is capable of
serving two-party message rate lines with over-
time registration on non-zone messages. There-
fore, it may be assumed that armature 1718 of
group relay 1750 is cross-connected to conductor
1719 so that with brush 1614 in position | a circuit
is completed from ground over brush (614, arma-
ture 1718, conductor 17179, through cable 17180,
to the winding of relay 322 and battery. Relay
322 is operated, lighting lamp 306 to indicate the
type of district undergoing test and closing other
circuits for modifying the testing circuits in ac
cordance therewith.. o

Under the assumption that it is desired to make
all possible tests, each of the test class keys 918

‘to 81T will be operated. Therefore when relay

822 is operated following the selection of a district
junector, a circuit is closed from battery through
resistance 932, winding of relay 93f, brush 903
in normal position, over the right closed contact
of any of the keys 810 to 917, conductor 1442,
outer left front contact of relay 1409, normal
contact of key 1432, conductor 1434 to ground at
the middle right front contact of relay 322. Relay
931 operates in this circuit, locking to ground
over conductor (442 independent of switch 908
and the test class key. Relay 931 closes a circuit
from ground over its outer left front contact,
brush 902 in normal position, back contact and
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winding of stepping magnet 306 and battery.
Magnet 906 advances switch 980 to position . In
this position, lamp 920 is lighted in a circuit from
battery through the lamp 920, brush 901 in posi-
tion |, to ground over conductor {428 as an indi-
cation that a local charge test is to be made of
the selected district junctor.

With relay 93t operated, ground connected to
conductor 1433 by relay 1419, is extended over
the right front contact of relay 931, brush 904
in position 1, conductor 936 to the winding of
relay 112 and battery, operating relay {12 to con-
trol the transmission of an office code to the
sender attached to the district junctor which will
be characteristic of a call for which a charge
would be made. A branch of this circuit extends
over conductor 937, brush 1081 in normal posi-
tion, through the winding of relay {023, con-
ductor 1039, left back contact of relay fli! to
battery through resistances (104 and 1103.

Relay 1023 operates in this circuit to indicate
the start of the testing operation and locks to
battery over its inner right contact and to ground
over its inner left contact and conductor 1432.

. At its outer left contact relay 1023 closes a lock-

ing circuit for relay 1409 to hold that relay oper-
ated until the completion of the test, should the
start key be opened while the test is in progress.
In addition, relay 1023 closes a circuit from bat-
tery through the winding of stepping magnet
£005, which controls the test switch 1000, back
contact of magnet 1005, conductor 1041, outer
right back contact of relay 1418, conductor 1435,
brush 1004 in its normal position to ground at
the middle left front contact of relay 1023, Mag-
net 1005 advances switch 1000 to position 1.

With the test switch in position | and the
sender 1318 ready to receive a registration, the
dialing tip and ring conductors 1319 and 1320
which connect the sender with the district junc-
tor are extended over cross-point 1740, armatures
1704 and 1705 of group relay 1750 to conductors
1784 and 1782, over the right contacts of relay
1416, to conductors 1436 and (431. From con-
ductor 1436 the circuit may be traced over the
outer left back contact of relay 1212, outer left
back contact of relay 1207, conductor 1221, left
normal contact of relay 515, conductor 526, outer
right back contact of relay 1021, to conductor
1042, inner right back contact of relay 1115, re-
sistance {114, conductor 226, right back contact
of relay 214, conductor 1046, winding of relay
1036, back contact of relay {111, inner left back
contacts of relays £207 and 1212, conductor 525,
right normal contact of relay 515 to conductor
1431. Battery and ground supplied from the
sender 1318, cause relay 1036 to operate, closing
a circuit from battery through the winding of
magnet 1005 and its back contact, and as above
traced to brush 1804 in position i, left front con-
tact of relay 1036 to ground at the outer left front
contact of relay 1031. Magnet 1005 operates in
this circuit, advancing the test switch 10080 in
position 2.

In position 2 a circuit is closed from battery
through the winding of relay 1032, brush 1002 in
position 2 to grounded conductor 1426. Relay
1032 operates in this circuit, locking over its
inner left front contact and the fifth left back
contact of relay 1022 to grounded conductor 1426,
Relay 1032 at its middle right front contact closes
a shunt around the winding of relay 1036 caus-
ing that relay to release; With switch 1000 in
position 2 and relay 1036 released, a circuit is
closed from ground at the inner right front con-
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tact of relay 1419, conductor (433, right front
contact of relay 931, conductor 937, brush {001
in position 2, right back contact of relay 1036,
conductor {043, brush 201 of dial pulsing switch
200 in normal position, to the winding of relay
216 and battery. Relay 216 locks over its inner
left front contact to conductor 1043, preparing
the dial pulsing circuit for operation.

Relay 216 in operating closes a circuit from
ground at its inner right front contact, brush
202 of dial pulsing switch 200 in normal position,
back contact and winding of stepping magnet
205 and battery. Magnet 205 operates in this
circuit advancing switch 200 to position .

In position | of the pulsing switch a test is
made to determine that all of the dial pulse relays
are normal. This circuit may be traced from bat-
tery through the winding of magnet 205 and its
back contact, brush 202 in position 1, over the
outer right back contact of relay 114, left back
contact of relay 116, inner upper back contacts
of relays 101 to 110, left back contacts of relays
214, 215 and 219 to ground at the right back con-
tact of relay 218. If all of these relays are nor-
mal, the above-traced circuit will be closed and
magnet 205 will operate to advance switch 200
to position 2.

When relay 216 operated it connected ground
over its inner right contact to lamp 243 to indi-
cate that dialing is in progress. At its middle
right contact relay 216 connected ground to con-
ductor 220, to start pulsing relays 206, 207 and
208.

Relay 208 is a polarized, condenser-timed, puls-
ing relay of the well-known type. Normally its
lower winding is included in a circuit from bat-
tery through resistance 212, lowermost contact
of jack 209, lower winding of relay 208, middle
lower contact of jack 209, condenser 221, resist-~
ances 241 and 210 to battery, while the upper
winding is included in a circuit from battery
through resistance 212, inner lower contact of
jack 209, upper winding of relay 208 in series with
the windings of polarized relays 207 and 206,
upper contact of jack 208 to battery through re-
sistance 210. With ground connected to con-
ductor 220, the upper winding of relay 208 and
relays 206 and 207 are energized and condenser
221 is charged through the lower winding of relay
208 causing that relay to operate and close its
contact. The closure of this contact connects
ground on conductor 220 over the contact of
relay 208 in shunt of the operating windings of
relays 206, 207 and 208, and discharging con-
denser 22f through the lower winding thereby
causing relay 208 to open its contact, and the
cycle to repeat itself as long as ground is held
on conductor 220. The contacts of relays 206
and 207 operate in synchronism with that of
relay 208.

With switch 200 in position 2, ground over
conductor 1043 is extended over brush 201 in
position 2 through the winding of relay 245 and
battery. Relay 21§ operates extending itg oper-
ating ground over its left front contact, outer up-
per back contact of relay 103, to the right wind-
ing of relay 218 and battery. Relay 218 operates
in this circuit.

With relay 216 operated, ground is connected
over the outer right front contact of relay 216,
conductor 222, inner right front contact of relay
1416 and thence through the winding of relay
1417 to conductor 1821 of the district Jjunctor
to detect a false release of the district junctor
during pulsing.
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The operation of relay 218 closes an obvious
circult through the winding of relay 219. Re-

"lay 219 operates, locking to ground over brush

203 in position 2. When relays 219 and 218 op-
erate, ground is connected over the middle left
front contact of relay 219 and the outer left
front contact of relay 218 to the armature of
relay 206. If the armature of relay 206 is en-
gaging its right contact or when it next engages
that contact, a circuit is closed for relay 214
which operates and locks over its outer left front
contact unider the control of relays 218 and 218
and connects this locking circuit over its inner
left contact to the armature of relay 207. Re-
lay 214 in operating opens the shunt around
resistance (118 in the circuit of relay 1036 to im-
prove the pulsing condition for the sender. When

~ relay 214 operates, the left contact of relay 206
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is connected over the right front contact of
relay 214 to conductor 223 thereby intermit-
tently grounding that conductor and controlling
relays 114, 115 and [16. At the first grounding
of conductor 223, relay (16 operates, locking
through the left winding of relay 114, back con-
tact of relay 115, inner right front contact of
relay 116, to ground over brush 203 in position
2. Relay (14 does not operate, being shunted by
the operating circuit for relay (i6. When relay
206 removes ground from conductor 223 relay
{14 operates. At the next connection of ground
to conductor 223 s holding circuit is closed for
relay 14 over the right front contact of relay
{14 and its right winding to the winding of re-
lay 115 and battery. Relay 115 operates and
opens the locking circuit of relay 116 which now
releases. 'When relay 206 again removes ground
from conductor 223, relays 114 and 115 also re-
lease. - As relay 116 operates and releases, ground

over brush 203 in position 2, which is connected -

to the outer right armature of relay 1186, is alter-
nately connected to conductors {17 and 1i8. The
first closure of ground to conductor {11 completes
a circuit over the lower back contacts of relays
il0, 108, 106, 104 and (02 to the winding of re-
lay 10t and battery. Relay 101 locks over its
inner lower front contact, left front contact of
relay 118 to ground over brush 203 in position
2. With relay 101 operated, the connection of
ground to conductor (18 by the release of relay
i16 closes a circuit over the lower back contacts
of the odd-numbered relays 109, 107, 105 and
103, outer lower front contact of relay 101, wind-
ing of relay 102 and battery. Relay 102 locks over
its inner lower front contact, normal contact of
relay 14 to ground supphed by brush 203 in PO~
sition 2.

From the foregoing and an inspection of Fig. 1,
it will appear that each tlme that relay 116 op-~
erates, an odd-numbered relay of the group 101
to 110 is operated, this relay locking over the
front contact of relay 114, when that relay oper-
ates at the termination of the pulse on conductor:
223. Each time that relay 1i6 releases an even-
numbered relay of the group 101 to {10 is op-
erated. When relay |14 releases at the termina-
tion of the pulse, the odd-numbered relay re-
leases and the even-numbered relay locks.. The
even-numbered relays are released when relay
114 operates. Therefore relay 206 functioning
through relays |14 and 116 causes the successive
operation of relays 101 to 110, only one relay re-
maining operated at the termination of each
pulse by relay 206.

At the same time that relay 206 closes its left
contact, relay 207 also closes its contact, thereby

5

completing a circuit from ground over the mid-
dle left contact of relay 219, outer left front con-
tact of relay 218, inner left front contact of re-
lay 214, contact of relay 201, middle left front
contact of relay 216, winding of relay 217 to
battery. Relay 211 closes a holding circuit for
relay 218 through the left winding and inner left
contact of relay 218 to ground at the front con-
tact of relay 211. When relay {03 operates un-
der the control of relay 206 it opens the energiz-
ing circuit for relay 218 but that relay remains
operated until relay 207 opens its contact, in
turn releasing relay 217, in order to insure that
the left pulse Is not curtailed. When relay 218
releases, ground is removed from the armature
of relay 206 and from the locking circuit of re-
lay 214, causing relay 214 to release. With relay
214 released, ground is also removed from the
armature of relay 201. With relay 218 released
and relay 218 operated, a circuit is closed from
ground at the back contact of relay 218, outer
left front contact of relay 218, brush 202 in po-
sition 2, back contact and winding of stepping
magnet 205 and battery. Magnet 205 steps dial
pulsing switch 200 into position 3, thereby open-
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25

ing the locking circuit of relay 219 which releases. *

The advance of switch 200 also opens the locking
circuit of relays 14 and 116 and, in turn, those

for relays 101 to 103. These relays also restore 20

to normal.

With switeh 200 in position 3 the previously
traced circuit for determining that all of the dial
pulsing relays have returned to normal is closed,
extending this time over brush 202 in position 3
to the stepping magnet 205 which operates and
advances switch 200 infto position 4. The pur-
pose of the foregoing operation is to insure that
the pulsing relays 206, 207 and 208 have reached
their standard rate of pulsing before any dial
pulses are sent out.

With switch 200 in position 4, relay H2 whjch
was operated, as previously described, controls
the number of the counting relays to be operated.
The armatures of this relay as well as of relays
100, ifi and 113 are cross-connected to the back
contacts of relays 101 to 110 in accordance with
codes which, when registered in the sender and
transferred to the marker, will cause the marker
to prepare the district junctor for the correspond-
ing type of charging operation. For example,
relay 100 is cross-connected to set up a code
which will require the use of zone metering ap-
paratus. Relay (11 is cross-connected to control
the transmission of the code for a call to an
operator. Relay (12 causes the transmission of
a code for a call requiring a local charge, while
relay 113 sets up a code within which a non-
charge call may be made.

Assuming that the left armature of relay 112
is connected to the back contact of relay 104, that
the inner right armature is cross-connected to
the back contact of relay 107 and that the outer
right armature is cross-connected to relay {06,
the advance of switch 200 to position 4 closes a
circuit from battery through the right winding
of relay 218, outer upper back contact of relay
106, outer right armature of relay {12, brush 201
in position 4 to ground over conductor 1043.
Relay 218 operates as before, in turn operating
relay 219. Relays 219 and 218, as before, supply
ground to thé armature of relay 206 which at the
first closure of its right contact operates relay
214 as before. Relay 214 operates and locks, sup-
plying ground to the armature of relay 207. Re-
lay 214 also connects the left contact of relay
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206 to conductor 223, to cause the operation of
relays 14, 115 and 116 as previously described.
These relays operate relays 101 to 106 in suec-
cession. With switch 200 in position 4 relay 215
is not operated and the closure of the contact of
relay 2017 in addition to operating relay 217 con-
nects ground over the middle and outer left front
contacts of relay 216, right back contact of relay
215, conductor 224, to the winding of relay (117
and battery, thereby operating relay 11T each
time that relay 206 ftransmits s pulse to the
counting arrangement of Fig. 1. Relay 1111, in
operating, opens the pulsing circuit connecting

~ the test circuit with the sender and causes a dial
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pulse to be registered in the sender for each op-
eration of this relay.

Since the outer right armature of relay 112 is
connected to the back contact of relay 106 and
the circuit of relay 218 extends over the back
contact of relay {06, after six pulses have been
recorded on relays 101 to 106 and a correspond-
ing sixth pulse is recorded in the sender, the op-
erating circuit of relay 218 is opened, and at

the termination of the pulse relay 218 releases, -

disconnecting ground from the armature of relay
206, releasing relay 214 and thereby disconnect-
ing ground from the armature of relay 207. The
release of relay 218 advances switch 200 to posi-
tion 5 where the locking circuit for relay 219 and
the relays of Fig. 1 is opened. When relays 219,
101 to 106 and 114 to 116 have released, switch
200 is advanced to position 6.

In position 6 relay 215 operates and an inter-
val is measured between digits in the manner
described before the start of dial pulsing after
which switch 200 is advanced to position 8. With
relay 215 operated no pulses are sent to the
sender.

In position 8 relay 218 is operated over the
back contact of relay 107, inner right armature
of relay 112 and brush 201 in position 8. 'The dial
pulsing circuit acts as before, causing seven op-
erations of relay (1{T1 to transmit seven dial
pulses to the sender. Following this digit, the
switch is advanced to position 10. With switch
200 in position 10 another interval is measured
by the operation of relays (01 to 103 and the
switch is advanced to position 12. )

In position {2 relay 218 operates over the back
contact of relay 104, left contact of relay 112 and
brush 201 in position 12, causing the transmission
of four dial pulses to the sender. At the termi-
nation of this digit, switch 200 is advanced to
position 13 and following the release of the pulse
controlling relays is advanced to position (4. In
this position ground over brush 203 is extended
over conductor 225, brush 1004 of the test switch
1000, conductor 1435, outer right back contact
of relay (410, conductor 1041, back contact and
winding of stepping magnet 1005 to battery,
thereby advancing the test switch to position 3.

The advance of switch (000 from position 2
disconnects ground from conductor 1043 thereby
releasing relay 216, At its outer right back con-
tact relay 216 connects ground to brush 204 there-
by completing a circuit over the strapped off-
normal terminals of that brush and the back con-
tact and winding of stepping magnet, restoring
switch 200 to normal,

With switch 1800 in position 3 the test circuit
ordinarily waits for the sender and marker to
complete their functions. The registration of
the code in the sender 1318 causes the sender 1318

-to summon a marker, such as marker 1300, which

2,227,380

from information given to it by the sender at-
tempts to seize a test line.

The marker also seizes the district connector
1828 and through the sender 1318 and the sender
link switches 1303 and (304 operates relay (805
which connects the district junctor with the
marker.

With switch 1000 in position 3, a circuit is
closed from battery through the left winding of
relay (412, conductor 1120, brush 100! in posi-
tion 3, conductor 837 to ground over the right
front contact of relay 931, conductor 1433 and
the inner right front contact of relay 1419. Re-

lay 1182 at its left back contact disconnects.

ground from conductor 1325 which removes the
busy condition on the first test line in the sec-
ondary office frame. The operation of relay (112
connects conductor 1325 to the winding of relay
1116,

When the marker tests the two test lines it
finds ground on conductor {324 over the back
contact of relay (116 and battery through the
winding of relay #1116 on conductor 1325. It
therefore selects the first test line and after
making this selection, makes a test for a possible
double connection and in so doing connects
ground to conductor 1325 thereby operating re-
lay 1116 which locks over its inner left front
contact to ground at the inner right front con-
tact of relay (112. Relay 116 removes ground
from conductor 1324 and extends that conductor
to the outer right contact of relay (112 whence
it is further extended to contacts of relays 1100
and (218 which are open at this time. Relay
1116 also closes a circuit from grounded con-
ductor 1426, brush {002 in position 3, conductor
1044, right front contact of relay 116, conductor
(121, to interrupter 1220, the function of which
will appear hereinafter. The locking ground for
relay 1116 extends back over the conductor 1325
to the marker where it causes the marker to
ground the trouble release conductor which is
connected through district connector 1828 to
conductor 1830 and over the third right front
contact of relay (805 to conductor 183f lead-
ing to the sender 1318, In response to this signal
the sender dismisses the marker and then ealls
in another marker and sets up the designation
therein to cause a second trial. Under this condi-
tion the marker finds the second test line idle.

Relay 1805 when operated as above described
locks under the control of the marker and op-
erates the ten primary select magnets including
the magnet 1314 which identify the ten district
links serving this district junctor. The marker
also grounds conductor 1829, completing a cir-
cuit over the second right front contact of re-
lay 1805, inner right back contact of relay 1842,
winding of relay 1822 and battery as an indica-
tion to the district junctor circuit that the call
is to be registered. Relay (822 locks over its
outer right front contact, outer right back con-
tact of relay {823, inner right back contact of
relay 1802 to ground connected to conductor 1323
by the sender 1318.

The foregoing test which causes the marker to
make a second trial is furnished to test the trou-
ble release lead through the sender, district junc-
tor and link circuits.

During the time that the marker is connected
with the district junctor and relay 1805 is oper-
ated, conductor 1832 is extended through resist-
ance 1804, outer left front contact of relay 18085,
over & contact of relay 1823 to conductor (833
or 1834. Conductor 1833 is normally extended to
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the message register of the individual calling line
or of the ring party on a party line. With relay
1823 operated to .indicate that the tip party on
the party line is calling, it transfers this con-
nection to conductor 1834 which leads to the mes-
sage register of the tip party. Since there is no
calling line, the test circuit extends conductors
1833 and 1834 over the contacts of cross~point
1740, contacts of relay 1150, conductors 1785 and
1186, outer left front contacts of relay 1416 to
conductors 1439 and 1440, respectively.  Conduc-
tor 1439 extends over the left back contact of re-
lay 401, resistance 412, upper winding of relay
418, conductor #1171, middle left front contact of
relay 1032 to ground at the second right back
contact of relay 1115, while conductor 1440 ex-
tends over the right back contact of relay 401,
conductor 418, outer right front contact of relay
1032 to ground at the third right back contact
of relay (115, thereby satisfying the marker when
it tests for the condition of the message register
circuit.

With interrupter 1220 grounded, the first clo-
sure of its right contact completes a circuit over
conductor 1220, left back contact of relay 502,
conductor ‘521, left back contact of relay 1217,
left back contact of relay 1215, to the winding of
relay 1214 and battery. Relay 1214 locks directly
to conductor 1121, With relay 1214 operated, the
closure of the left contact of interrupter 1220 con-
nects ground over this contact, right back contact
of relay 1216, outer right front contact of relay
1214, winding of relay 1215 and battery. Relay
1215 locks over its right front contact to ground
at the inner right front contact of relay 1214.
The next closure of the right contact of relay
1220, grounding conductor 521, completes a cir-
cuit over the left back contact of relay 1217, left
front contact of relay 1215 to the winding of re-
lay 1216. Relay 1216 operates, also locking under
the control of relay (214, Similarly, relay 1217
is operated by the closing of the left contact of
interrupter 1228 and relay 1218 is operated by
the closure of the right contact of interrupter
i220. Relay 1217 also locks under the control of
relay 1214 while relay 1218 locks over its inner
left front contact, conductor 1223, third left back
contact of relay 1022 to grounded conductor 1426,
independent of test switch 1000. When relay
1216 operates, it closes a circuit from battery
through the winding of relay 1213, inner left
front contact of relay (216 to ground at the right
back contact of relay 1218. Therefore, relay 1213
{s operated during a complete cycle of interrupter
1220. During this interval, relay 1213 at its mid-
dle left front contact connects ground to the al-
ternating current power supply and at its inner
left front contact connects the other side of the
supply to the varistor 1204, At its inner right
front contacts relay 1213 connects relay 1206

across the varistor 1204 and at its outer right.

front contact connects the other side of the varis-
tor over the outer right back contact of relay
1212 to the ring conductor of the second test line
and connects the same side of the varistor over
the middle right back contact of relay (209, outer
left front contact of relay 1213, inner right back
contact of relay 1212 to the tip conductor of the
second test line.

At this time the marker should have caused the
closure of cross-points (306, 1309, 1312 and 1317,
extending the tip conductor of the second test
line to conductor (326, third left back contact
of relay 1802 and the second left front contact
of relay 1800, and the ring conductor of the sec-

7

ond test line to conductor 1827, third right back
contact of relay 1802 and the inner right froni
contact of relay 1800. Relay 1800 is not operated
at this time and therefore the test line should
be open at its front contacts if the circuit is in
standard condition. If a ground or battery con-
nection to either of these conductors, either di-
rect or through a condenser, should exist due to
cross-contacts on relays 1801 or {802 in the dis-
trict junctor, the alternating current relay 1208
will operate. i

Relay 1206 in operating closes an obvious cir-

cuit for relay 1208. With relay 1208 operated, a
circuit is closed from ground at the left front
contact of relay 1208, right back contact of relay
1217, left front contact of relay 1216, to conduc-
tor 1224 and the winding of relay 1410 and bat-
tery. Relay 1410 opens the circuit over which
test switch 1000 is advanced to position 4 and
thereby blocks the test.

If no such crossed contacts exist, relays 1217
and 1218 operate as above described. The oper-
ation of relay 1217 opens the circuit of relay 1410
and the operation of relay 1218 opens the circuit
of relay 1213, causing that relay to release and
remove the test from the trunk conductors. '

With relay 1213 released, the tip conductor of
the test line is extended over the inner right back
contact of relay (212, left back contact of relay
1213, inner right back contact of relay 1207,
inner right back contact of relay 1209, inner
right back contact of relay 1iil, middle right
front contact of relay 1218, conductor |124, left
winding of relay 1100 to battery. The ring con-
ductor of the test line is extended over the outer
right back contact of relay 1212, right back con-
tact of relay 1213, middle right back contact of
relay 1207, left back contact of relay 1209, con-
ductor 1225, inner right back contact of relay
1024, conductor 1045, to ground at the right back
contact of relay Iill.

After the marker 1300 has completed its func-
tions, it releases relay 1805, thereby connecting
ground over the inner right contact of relay 1808,
over the outer right back contact of relay 1805,
conductor 1328, over the sleeve contacts of the
cross-points (317, 1312, {309 and 1306, to hold
magnets 1315, {310, 1308 and 1305. When the
sender has completed its functions it connects
ground to conductor (831 which, with relay (805
released, extends over the inner right back con-~
tact of relay 1805 to the winding of relay 1800 and
battery. Relay 1800 operates, locking over its in-
ner left front contact and the left back contact of
relay 1802, second right front contactofrelay 1800
to ground at the left front contact of relay 1809.
With relay 1800 operated, the incoming tip and
ring conductors 319 and 1320 are extended over
the outer left front contacts of relay (800, the
second left and right back contacts of relay 1802
to ground and battery, respectively, through the
windings of relay 1806. Relay 1806 connects
ground to conductor 1321 to hold relay 1809 op-
erated. The operation of relay 1800 also connects
the windings of relay 1811 and coil 1810 over the
outer right front contact of relay 1809, second left
front contact of relay 1800 and the third left back
contact of relay 1802 to the tip conductor of the
connection through the district and office links
to the test line, and over the outer right back
contact of relay 1802, inner right front contact
of relay 1800, and the third right back contact
of relay 1802 to the ring conductor of the links
and the test line. In addition, relay 1800 pro-
vides locking ground for relay (822,
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. The connection of relay 18i1 and coil 1810
across the test line causes the-operation of re-
lay 1100 which locks through its right winding
and inner right contact, second left back con-
tact of relay 1022 to grounded conductor 1426.
With relay 1100 operated, the right winding of
relay 1112 is connected over the outer left con-
tact of relay 1100, outer right front contact of
relay (112, and left front contact of relay ({16
to conductor 1324 and thence to ground over the
auxiliary sleeve contact of cross-point 1306.

Relay 1100 in operating also closes a. circuit
from battery through the winding and back con-
tact of magnet 1005 and as before to brush 1004
which is in position 3, inner left contact of re-
lay 1100, conductor 1060, to ground at the outer
right front contact of relay 1218. Magnet (005
advances test switch 1000 to position 4. The ad-
vance of the test switch 1000 to position 4 per-
mits relays 1214 to 1217 to release, but relay 1218
remains locked under the control of relay 10822.
With switch 1000 in positions 4, 5 and 6, lamp
1017 is lighted over brush 1002 and conductor
1426.

10

18

Supervisory relay test

The incoming supervisory or battery feed re-
lay 1806 is first tested, except in certain classes
of test which will be described hereinafter.

With test switch 1000 in position 8, a circuit is
closed from grounded conductor 937, brush
1001 in position 4, outer left back contact of re-
lay 1024, left back contact of relay {10{, outer
right back contact of relay {105, winding of re-
lay (115 and battery. Relay 1115 locks through
its second left front contact, inner left contact
of relay 1022 to grounded conductor (426. With
relay {115 operated, the ground which simulated
the presence of a message register to the mark-
er is removed. Relay 1115 also extends its lock~
40 ing ground over its inner left front contact, con-
ductor (441, inner right back contact of relay
1410, conductor 1422, outer left back contact of
relay 1107, left back contact of relay (113, con-
ductor 1226, auxiliary contact of jack 1200, in-
45 terrupter 1219, conductor 1040, middle right con-

tact of relay (023 to the winding of stepping

magnet 1005 and battery. The test switch 1000

is advanced through positions 4, 5, 6 and T by
0 the intermittent closure of this circuit by in-

terrupter 1219.

With relay (115 operated, the dialing loop cir-
cuit which was extended to the windings of re-
lay 1806 in the district junctor by the operation
of relay 1800 and extended through resistance

55 (114 with relays (115 and 214 normal, is now
transferred over the right front contact of re-
lay (115, conductor 1123 and thence through re-

- sistance 332 to conductor 1046 and in parallel

with resistance 332 from conductor (123 over
60 the middle right back contact of relay [102f,
conductor 1047, through resistances 327 and 330
to conductor (046, This circuit change increases
the resistance in the dialing loop to the value
which is equivalent to the operate test require-
ment for relay 1806. With relay (115 operated,
when brush 1001 reaches its fifth terminal, a cir-
cuit is closed from grounded conductor 931, brush
1001 .in position 5, interrupter 1025, conductor
1048, middle left contact of relay (115, to the
winding of relay I(17 and battery. Relay 11T,
operating each time that interrupter 1025 closes
its contact, opens the dialing loop, thereby allow-
ing relay 1836 to release and forcing it to re-
operate each time on the minimum operating cur-
76 rent. This cycle is continued while switch 1000
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is advanced out of position 6 under the control
of interrupter 12(9. Should relay 1806 fail to
reoperate after releasing as just described, the
district selector will be released as will be de-
scribed hereinafter resulting in the removal of
ground from conductor 1784 and the release of
relay 1031 in the test circuit. If relay 1031 re-
leases during a test call it opens the circuit of
relay {416 thereby disconnecting the district
Junctor from the test circuit. Relay 1031 in re-
leasing also closes a circuit from battery through
the winding of relay 1410, conductor 1224, outer
left back contact of relay 1033, outer right nor-
mal contact of key 1034, right back contact of
relay 1031, inner right front contact of relay
1032, outer left back contact of relay 1021 to
ground at the outer right front contact of relay
1023. The operation of relay (410 in this cir-
cuit prevents the further functioning of the test
circuit at this time and sounds an alarm.

Outgoing supervisory relay test

During the test of relay 1806 a soaking cur-
rent is applied to the outgoing supervisory relay
1811, The circuit for this purpose may be traced
from battery through the left winding of relay
1100, conductor 1124, middle right front contact
of relay 1218, inner right back contact of relay
{111, inner right back contact of relays 1209 and
1207, left back contact of relay 1213, inner right
back contact of relay 1212 over the tip contacts
of selector cross-points 1306, 1308, 1312 and 1311,
conductor 1326, third left back contact of relay
1802, second left front contact of relay (800,
outer right front contact of relay 1809, coil 1810,
winding of relay 1811, outer right back contact
of relay 1802, inner right front contact of relay
1800, third right back contact of relay 1802, con-
ductor 1321, ring contacts of selector cross-points
13117, 1312, 1309 and 1306, outer right back con-
tact of relay 1212, right back contact of relay
1213, middle right back contact of relay 1207, left
back contact of relay 1209, conductor 1225, inner
right back contact of relay 1024, conductor 1045,
to ground at the outer right back contact of re-
lay 1i1l. This circuit is maintained until re-
lay (111 operates. The direction of current flow,
however, is not such as will operate relay (8fl.

When switch 1000 is advanced to position 7
under the control of interrupter 1219 lamp (017
is extinguished and lamp 1013 lighted. Likewise
& circuit is closed from grounded conductor 937,
brush (00f in position 1, conductor 1049, fourth
left contact of relay (115, winding of relay 1102
and battery.. Relay #1082 operates in this circuit
and closes a circuit from battery through the
winding of relay 1#1f fo ground. Relay Ii1{1 op-
erates in this circuit and locks over its inner left
front contact and the inner left back contact of
relay 1022 to grounded conductor 1426. Relay
({11 in operating disconnects the outgoing ring
conductor from ground and extends it to the out-
er left armature of relay 1102 and disconnects
the outgoing tip conductor from the winding of
relay (100 and extends it to the right back con-
tact of relay {102, thereby opening the circuif
of relay 1811 for an interval. When switch 1000
advances to position 8, the circuit of relay {102
is opened and that relay releases extending the
ring conductor to battetry through resistance 1103
and in parallel therewith through resistance 1104,
inner left back contact of relay (101, right back
contact of relay 1108, to interrupter {109 and
battery through resistance 1110. The tip con-
ductor is extended over the right back contact
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of relay 1102, inner right back contact of relay
1838, conductor 1050, back contact of relay 329,
outer left back contact of relay 404, outer right
back contact of relay 403 to ground at the right
back contact of relay 408. The current in this
circuit is of the proper polarity for operating
relay 81 and when the interrupter 1109 is
closed is also of the proper strength. The cur-
rent flowing through relay 1811 is therefore in-
creased and decreased under the control of in-
terrupter 1109 as a test of the functioning of
the relay and of the district junctor circuits in
connection with interrupter 18{6.

When the circuit of relay 1811 is closed by
the release of relay 1102 and the closure of in-
terrupter 1109, relay (811 closes a circuit from
ground over its alternate contact to the contacts
of relays 1814 and 1815. Interrupter 1816 is
common to a plurality of relays 1814 and 1815
and these relays are common to a plurality of
district junctor circuits. Each relay 1814 car-
ries a front contact Individual to each of the
district junctors to which it is common, only
the one individual to the junctor of Fig, 18 being
shown. When interrupter 1816 closes its left
contact it completes a circuit for relay 1815 over
the back contact of relay 1814, With relay 1811
operated, ground over the left contact of relay
{811 is extended over the front contact of relay
{815 to battery through the right winding of
relay 1813, which locks over its right front con-
tact under the control of relay 1811, Inter-
rupter 1816 then opens this contact, releasing
relay (815 for a period of two seconds at the end
of which interrupter 1816 closes its right contact
operating relay 1814 over the back contact of
relay 1815. If at this time relay 1811 is still
operated, ground over the front contact of relay
1811 is extended over the upper front contact of
relay 1814, Inner left contact of relay 1813 to

the winding of relay 1812 and battery. Relay.

1812 if operated, locks over its inner left front
contact to ground at the third right contact of
relay 1800. With relay 1812 operated, metering
takes place. To this end a circuit is closed from
ground over the outer left front contact of relay
1813, outer right front contact of relay 1812, in-
ner right front contact of relay 1822 to the
winding of magnet (8!7 which controls the tim-
ing and charging mechanism. Magnet 1817 acts
as a clutch which engages relays 1820 and 1821
with the drive shaft 1835 being driven by a tele-
chron motor 1819 which is common to a plu-
rality of district junctors. Magnet 1817 is held
energized over its local contact and over the con-
tact of cam 1820 throughout one revolution of
shaft 1835.

When cam 1821 closes its contact battery
through resistance 1818 is connected over the
alternate contact of cam 1821 and the left front
contact of relay 1822, outer left front contact of
relay 1812, left back contact of relay 1805, inner
left back contact of relay 1823 to conductor 1833.

Normally, the district junctor extends message
register lead 1833 over the inner right back con-
tact of relay 1823, left back contact of relay 1805,
left back contact of relay 812 to ground and
message register lead 1834 to ground at the outer
left back contact of relay 1823.

In the test circuit, after the district selector
has been seized, but before the sender has been
seized, a circuit is closed from battery through
the winding of relay 508, conductor 536, inner
left back contact of relay 1032, conductor 441,
through the upper winding of relay: 410, resist-

9

ance 412, outer left back contact of relay 401,
conductor 1438, outer left front contact of relay
1816, conductor 1185, over contact of relay 1750
and cross-point {740 to conductor 1833 and
ground. A similar circuif is closed from battery
through the winding of relay 509, conductor 537,
inner right back contact of relay 1032, conductor
418, right back contact of relay 401, conductor
1440 middle left front contact of relay 1416,
conductor 17186, over a contact of relay 1758 and
cross-point §7140 to conductor 1834 and ground.
These two relays operate if a ground is present
and relay 508 locks over its right front contact
through the upper winding of relay 410 to ground
as above traced while relay 509 locks over its
right front contact and the right back contact
of relay 401 to ground as above traced. These
locking circuits are independent of relay 1032.
When relay 1032 operates as above described,
ground over the second and third right contacts
of relay 1115 is connected to conductors 417 and
418, respectively, holding relays 508 and 509 op-
erated and providing the necessary ground for
the marker test. When relay 1115 operates, re-
lays 508 and 509 are again dependent upon the
grounds supplied by the distriet junctor. The
operated periods of relay {811 under the control
of Interrupter ({09 should not be of sufficient
duration to permit relay 1812 to operate and
therefore no metering pulse should be received
at this time. However, if, due to unstandard
conditions in the junctor during the test of relay
1811, relay 1812 does operate and cause cam 821
to connect battery to conductor 1833 the holding
circuit of relay 508 is opened. When relay 508
releases, it closes a circult from battery through
the winding of relay 1410, conductor 1224, left
back contact of relay 508, conductor 333, inner
right front contact of relay 1032, outer left back
contact of relay 1021 to ground at the outer right
front contact of relay 1023. The operation of
relay 1410 prevents the completion of the test.

Assuming that no premature metering occurs,
during the test of relay 1811, selector 1000 is
advanced under the control of interrupter 1219,
during which time several cycles of interrupter
1109 occur. When selector 1000 reaches posi-
tion I, a circuit is closed from ground over con-
ductor 937, brush 100f at its No, Il terminal,
conductor 1051, outer left front contact of relay
{115 to battery through the winding of relay
1108. Relay (108 locks under the control of
relay {1 and opens the circuit for interrupter
1109, thereby reducing the current flow through
relay 1811 to its release value.

At the next closure of interrupter 1218 switch
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1000 is advanced to position 12 where lamp 10i2

is lighted and a circuit is closed from grounded
conductor 9317, brush 1001 and its No. 12 termi-
nal, conductor 1052, winding of relay (113 and
battery. Relay (113 at its three right contacts
connects ground to conductors 1125, 1126 and
1127.  The functions of conductors 1126 and
1127 will appear herelnafter.” Ground on con-
ductor 1125 completes a circuit to determine
whether the charge testing circuit of Figs. 4, 5
and 6 is In normal condition. This circuit may
be traced from conductor 1125 over the middle
left front contact of relay {111, outer left front

. contact of relay 1108, third right back contact

of relay 1106, conductor 1128, inner left back
contact of relay 505, conductor 529, inner right
back contact of relay 328, left back contact of
relay 32§, back contact of relay 311, right back
contact of relay 313, conductor 334, to battery
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which drives cam 500. When cam 500 is closed,
the ground connected to conductor 334 as above
traced is extended over the contact of cam 500,
to the winding of relay 400 and battery. Relay
400 operates and closes a circuit from battery
through the winding of relay (107, conductor
1129, left front contact of relay 400, conductor

1061, outermost left contact of relay 1022 to
grounded conductor 1426. Relay 1107 operates
in this circuit and locks over its inner right con-
tact, conductor 1228, and the fourth left contact
of relay 1022 to grounded conductor £426.

The operation of relay 1107 connects battery
through resistance {110 over the outer left front
contact to resistance 1104 independent of inter-
rupter 1109, providing a circuit for relay 1811
in which the relay should operate.

The operation of relays 113 and 1107 discon-
nects ground from interrupter 1219 thereby pre-
venting the further advance of the test selector
1006 until the charge tests have been made. Fol-
lowing the operation of relay (107, timer 504
measures off a sufficient length of time in which
to receive a charge impulse from a district junctor
before reclosing cam 500.

When relay 400 operated in response to the
closure of the timing cam 500, it completed a
circuit from battery through the winding of re-
lay 504, left back contact of relay 402, conductor
419, inner left back contact of relay 1106, inner
left back contact of relay 1033, conductor 1053,
right front contact of relay 400, right back con-
tact of relay 1022 to ground at the outer left
front contact of relay 1032. Relay 504 locks over
its inner left front contact to grounded con-
ductor 1126. Relay 504 at its inner right front
contact connects ground to the upper winding of
relay 410 to place it in readiness to receive the
registration and at the same contact provides a
locking ground for relay 508 should this relay be
operated.

"In the junctor with relay 1811 held operated,
interrupter 1818 functions to bring about the op-
eration of relay (812 as previously described.
With relay 1812 operated, when cam (821 closes,
battery is connected through resistance (818,
cam 1821, left front contact of relay 1822, outer
left front contact of relay 1812, left back con-
tact of relay 1805, inner left back contact of re-
lay (823, conductor 1833, contact of cross-point
1740, contact of relay (150, conductor 1785, out-
ermost left front contact of relay (416, conductor
1439, left back contact of relay 401, resistance
412, upper winding of relay 410 to ground at the
inner right front contact of relay 504.

The operation of relay 410 closes a circuit from
ground on conductor {126, left contact of relay
410, winding of relay 403 and battery. Relay
#03 closes a circuit from battery through the
left winding of relay 404, left front contact of
relay 403, to ground at the outer right back con-
tact of relay 5i5. Relay 404 locks in a circuit
from battery through its right winding and right
front contact to ground at the middle right front
contact of relay 504. At the termination of the
registration relay 410 releases, in turn releasing
relay 403 which now closes a circuit from ground
at the outer right back contact of relay 515, left
back contact of relay 403, left front contact of
relay 404 to the winding of relay 405 and bat-
tery. Relay 405 locks over its inner left front
contact to ground at the outer right front con-
tact of relay 504. )

The operation of relay #10 in addition to oper-
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“through the winding of magnet 50! of the timer

ating relay 403 initiates the operation of relays
409, 413, 414 and 415 in order to determine that
the message register pulse is of sufficient length
to properly operate the subscriber’s message reg-
ister. When test selector 1000 reached position
12, the operation of relay (113 to ground con-
ductor 1{26, energized relay 469 through its up-
per winding in a circuit which may be traced from
battery from the tip contact of jack 406, upper
winding of relay 489, ring contact of jack 406,
middle right back contact of relay 518, resistance
516 to grounded conductor 1126.. At the same
time a circuit is closed from battery over the tip
contact of jack 486, lower winding of relay 408,
auxiliary ring contact of jack 406, resistance 407,
outer left back contact of relay 515, conductor
533, outer left back contact of relay 189, con-
ductor {20, right contact of relay 501, right con-
tact of relay 410 to grounded conductor 1126.
The first of these circuits is in a direction to
operate relay 409 while the second is in a direc-
tion to prevert its operation. Ground is also
connected to the lower winding of relay 409 over
the auxiliary ring contact of jack 406, resistance
401, outer left back contact of relay 515, con-
denser §{7, resistance 5i18 and grounded con-
ductor §126. When relay 410 operates, it discon-
nects ground from the lower winding of relay
408, but condenser 54T must be charged before
the current in that winding of relay 409 can de-
crease to a point where the relay can close its
left contact due to the energization of the upper
winding. Relay 409 therefore will not close its
left contact until a time has elapsed which is de-
termined by the capacity of condenser 5171 and
the resistances associated with this condenser
and relay 409. This operating time for relay 409
is adjusted to be equivalent to the minimum
length of time during which a message register
pulse must be applied to the subscriber’s regis-
ter in order to insure its operation. When relay
408 operates, it closes a circuit from battery
through the winding of relay 413, left contact of
relay 409 to grounded conductor (126. Relay
413 locks directly to conductor {126, independent
of relay 409. When relay 403 operates, immedi-
ately after the start of the register pulse, it closes
a circuit for relay 414 from battery through the
winding of relay 414, right front contact of re-
lay 403, conductor 421, right back contact of re-
lay 602, conductor 632, left back contact of re-
lay 413, back contact of relay 409 to grounded
conductor 1126. Relay 414 locks over its left
front contact and the inner right back contact
of relay 413 to ground over conductor §31. If
the pulse is terminated, releasing relay 403 be-
fore relays 409 and 413 operate, a circuit is
closed from grounded conductor (126, over the
right contact of relay 409, left back contact of
relay 413, conductor 632, right back contact of
relay 602, conductor 421, right back contact of
relay 403, inner right front contact of relay #i4
to the winding of relay 415 and battery. Relay
415 locks to ground over conductor 531, connects
ground to conductor 1224 {o block the progress
of the test and lights lamp 519 to indicate that
the pulse is too short. If the pulse is sufficiently
long, the operation of relays 409 and 413 opens
the operating circuit for relay 414 before relay
403 is released, and relay 415 cannot operate.
When timing contact 500 opens, relay 400 re-
leases, closing a circuit from ground at the outer
left front contact of relay 1032, right back con-
tact of relay 1022, back contact of relay 400, con-
ductor 1137, outer left front contact of relay
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504, right front contact of relay 408, conductor
428, left back contact of relay 415, right front
contact of relay 413 to battery through the wind-
ing of relay 503. With relay 503 operated; a cir-
cult is closed from ground over the outer right
front contact of relay 503, conductor 530, brush
{004 in position 12, and thence to the back con-
tact and winding of magnet 1005 and battery,
advancing the test selector 1000 to position 13.

If no charge has been received by the time- that
relay 400 is released, relays 410, 403, 404 and 405
will not have been operated and the circuit above
traced extends from the outer left front con-
tact of relay 504, to the inner left back contact of
relay 404 and the winding of relay 5i0 and
battery. Relay 518 locks over its left front con-
tact, conductor 531, seventh left back contact of

‘relay 1022 to grounded conductor (426. Relay

510 at its Inner right contact grounds conductor
1224 to operate relay 1410 and block the progress
of the test and at its outer right contact lights
lamp 522 to indicate that no charge had been

‘received.

If relays 410 and 403 operate prior to the op-
eration of relay 504 a circuit is closed in yarallel
with the circuit for relay 404 over the right back
contact of relay 504, conductor 532, inner left
back contact of relay 100, conductor 119, wind-
ing of relay 511 and battery. Relay 511 is also
operated if relays 410 and 403 are reoperated,
while relay 504 is operated, in a circuit which
extends as before to the left front contact of re-
lay 403, outer left front contact of relay 405,
conductor 532 and thence as above traced to the
winding of relay 511 and battery. Relay 5t
locks to conductor 531, grounds conductor 1224
to block the progress of the test and lights lamp
523 to indicate an overcharge.

The advance of test selector 1000 to position
i3 as above described, opens the circuit of relay
f113 which releases, in turn disconnecting
ground from conductors 1125, 1126 and ({21,
releasing relays 504 and 413. Relay 504 in turn
opens the locking circuit of relays 405 and 404
and the operating circuit of relay 503 thereby
restoring these relays to normal. When all of
these relays have released, a circuit is closed
from battery through the winding of magnet
{605 and its back contact, thence to brush
{004 in position 13, conductor 1054, middle right
back contact of relay 1105, conductor (131, up-
per normal contact of key 616, conductor 633,
outer left back contact of relay 504, right back
contacts of relays 414, 405 and 404, left back con-
tact of relay 5083, outer right back contact of re-
lay 413, conductor 424, left back contacts of re-
lays 604 and 603, conductor 634, inner right back
contact of relay 11, conductor 121, brush 1002
in position 13 to grounded conductor §426. 'Test
selector 1000 is advanced to position {4 by the
operation of magnet 1005 in this circuit.

. With switch 1000 in position 14, lamp 1014 is
lighted and magnet 1805 is reoperated in a cir~*
cuit from battery through the winding of mag-
net 1005 and its back contact, to brush 1004 in
position 14, conductor 1055, left back contact of
relay 1115, outer right back contact of relay | 106,
right back contact of relay 1181, conductor 1130,
brush {00f in position 14, to ground over con-
ductor 931. Test selector 1000 is advanced to
position 15, where lamp 1011 is lighted.

With key 416 normal, test selector 1008 is im-
mediately advanced to position 16 over a circuit
extending from battery through the winding of
magnet 1005 to brush (004 as previously traced,

11

fifteenth terminal of brush 004, conductor 1088,
outer left back contact of relay {106 to ground
at the right normal contact of key 4186, '

If 1t is desired to test the junctors for the cor-
rect measurement of an overtime period and the
application of overtime charge, key 416 is oper-
ated and the test selector remains in position i8.

In this position relay 1113 is reoperated. Tim-
er 500 measures off the correct time interval after
which relay 400 is operated and the charge test-
ing circuit is prepared for receiving the first
overtime registration. As above, relay 511 is op-
erated if the registration is made prematurely,
relay 503 if the registration is made accurately
and relay 510 if the charge iIs not received. The
length of the pulse is again tested by relays 409,
413 and 415. Relay 503 advances switch 1000
to position (6.

Test switch 1000 is advanced from position 18
by ground connected to the sixteenth terminal
of brush (004. When the test selector reaches
position 11, a circuit is closed from battery
through the winding of relay 1021, brush 100f in
position {7, to grounded conductor 937. Relay
1021 operates in this circuit locking over its in-
ner left front contact, fifth left back contact of
relay 1022 to grounded conductor 1426. With re-
lay 1021 operated, the circuit of relay 1806 is
opened at the back contact of relay (021. How-
ever, a parallel path extending from conductor
1123 through resistance 332 to conductor 1046 is
maintained, but the resistance in this circuit re-
duces the current through relay (806 to its re-
lease test value. -

At the same time relay 1021 connects ground
to the seventeenth terminal of brush 1004 com-
pleting a circuit for advancing the test selector
1000 to position 18 where lamp 1015 is lighted.
Test selector 1000 is advanced from position 18
to position 19 in a circuit from battery through
the winding of magnet 1005, to brush 1004 in
position 18 as previously traced, conductor 1059,
outer left back contact of relay 328, outer right
back contact of relay 1020 to ground.

In the district junctor circuit, the release of
relay 1808 opens the circuit of relay 1808 which
also releases after an interval. Relay 1809 opens
the circuit of relay 1811, and disconnects ground
from the holding conductor {787 thereby also
opening the locking circuit for relay 1800, Relay
1800 is also slow to release in order to mark the
sleeve of the outgoing trunk circuit for a brief
interval after relay 1809 has opened the circuit
through relay 1811, so that the trunk cannot be
reselected for another call too soon. When relay
1800 releases it releases relays {812 and 1822
and also disconnects ground from conductor 1328,
thereby opening the locking circuit for hold mag-
nets 1305, 1308, 1310 and (315, releasing the
switches connecting this junctor with the test
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line. The release of relay 1822 causes the charge = -

timer to restore to normal. When relays 1809
and (800 restore, battery through resistance 818
is again connected to conductor 1827 to mark the
district selectable, -

With the test selector 1000 in position 19, the
release of the district junctor is awaited with
lamp 1016 lighted. It will be remembered that
relay 1031 locked to the originating sleeve con-
ductor #7187 of the district junctor, relay (112
was locked under the control of relays 1160 and
{116 to the test line sleeve conductor 1324, while
relay 1116 was locked under the control of relay
11{2. Therefore when ground is removed from
these originating and terminating sleeve con-
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ductors by the district junctor, relays 1081, 1112
and 1116 release and close a circult from battery
through the winding of magnet 1085, as beifore
to brush (004 in position 19, conductor {057,
lower normal contacts of keys 626 and 621, con-
ductor 635, right back contact of relay 1116,
left back contact of relay 1031 to ground. Test
selector 1000 advances to position 20 in this cir-
cuit. -

When test selector 1000 reaches position 20, it
signals the completion of the test to the multi-
test switch 900 by connecting ground from con-
ductor 9381, over brush 1001, in position 20, right
winding of relay 933 and battery. The opera-
tion of relay 933 closes & circuit from battery
through the winding of magnet 906 and its back
contact, left front contact of relay 933 through
the closed contact of key 912 corresponding to
the test just completed, brush 903 in position i,
closed right contact of any subsequent test key,
conductor 1442, outer left front contact of relay
1409, contact of key 1402, conductor 1434, to
ground at the middle right contact of relay 322.
Multitest switch 900 is advanced to position 2 in
this circuit and in this position a circuit is closed
from battery through the winding of relay 935,
brush 901 in position 2, to grounded conductor
1428. Relay 935 at its right back contact opens
the circuit over which the district junctor is
given the busy test. At its left front contact
relay 935 closes a circuit from ground over the
right front contact of relay 933 to the winding
of message register magnet 930 to indicate the
completion of one single test. The message reg-
ister in operating closes a circuit from ground at
the outer left front contact of relay 931, contact
of meter 930, left back contact of relay 934 to
battery through the winding of relay 1413.

The operation of relay 1413 opens the circuit
of relay 1419 which disconnects ground from the
locking circuit of relay 1023 and causes that re-
lay to release. The release of relay 1023 con-
nects ground at its left back contact to the
strapped off-normal contacts of brush 1003 and
over brush 1003 to the back contact and winding
of magnet 1005 thereby advancing test selector
1000 to position 21. With the test selector in
position 21, a circuit is closed from battery
through the winding of relay 1022, brush 1002
in position 2i to ground over conductor (426.
The operation of relay 1022 releases all of the
relays which have been locked up in the test
circuit, including relay 1032. The release of re-
lay 1032 closes a circuit from ground at its mid-
dle left back contact, brush 1004 in position 21,
and thence to the winding of magnet 1005 and
battery. The test selector is restored to normal
in this circuit, releasing relay 1022 to prepare
the locking circuits for use in the next test.

The advance of test switch 1000 also opens
the operating circuit for relay 933 which now re-
leases, closing a circuit from battery through
the winding of magnet 906 and the back con-
tact of that magnet, left back contact of relay
933, brush 903 in position 2, closed contact of
one of the test class keys, conductor 1342, outer
left front contact of relay 1408, normal contact
of key 1402, conductor 1434 to ground at the
middle right contact of relay 322. The release
of relay 933 in turn releases meter 930 and re-
lay 1413. With relay 1413 normal, the district
junctor is again tested for a busy condition.

Free call test
Assuming that key 917 is operated, switch 900
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will remain in position 3 until the corresponding
test has been completed. With switch 900 in
position 8 a circuit is closed from ground over
brush 805, conductor 838, right back contact
of relay 328, conductor 335, winding of relay
505 and battery. A circuit is also closed from
grounded conductor 837, over brush 804 in posi-
tion 3, conductor 938, winding of relay (13 and
battery. Relay (13 controls the dialing of a des-
ignation which will indicate to the marker that
no charge is to be made by the district junctor.

The test class switch in position 3 prepares
for a test call in which the district junctor will
complete a connection without operating the
subscriber’s message register. Under these con-
ditions the test call proceeds as above described
until test switch 1000 reaches position (2. In
this position, with reley 113 operated as previ-
ously described, a circuit is closed from ground-
ed conductor 1125, middle left front contact of
relay 111f, outer left front contact of relay
1108, third right back contact of relay 1106,
conductor (128, middle left front contact of re-
lay 508, winding of relay 502 and bhattery. Relay
502 closes a circuit from battery through the
winding of relay {16, right back contact of relay
{14, conductor 223, outer left front contact of
relay 502, conductor 222, right contact of in-
terrupter 1220, conductor {121, inner left front
contact of relay 502, back contacts of relays 106
to (10, 214, 215, 219 and 218 to ground. Relays
114, 115 and 116 function as previously described
but under the control of interrupter 220 to
operate the counting relays (0f to 186. The
operation of relay 106 disconnects ground from
interrupter 1220 and extends it over the upper
front contact of relay 106, conductor 539, brush
i004 in position 12 and thence to the winding
of magnet 1005, advancing the test switch (000
to position 3. This series of operations pro-
vides sufficient time for the reception of a false
registration which would result in the opera-
tion of overcharge relay 511, in turn operating
relay 1410 to block the test.

In the district junctor the operation is the
same as previously described except that the
marker does not operate relay {822, Therefore
the operation of relay 1812 is ineffective to oper-
ate relay 1817 to start the timer or to close the
metering circuit.

Relay 505 in operating opens the operating cir-
cuit for relay 501 and therefore the operating
circuit for relay 400. With relay 400 non-oper-
ated, relay 504 cannot operate. Therefore, as-
suming that no charge is received to cause the
operation of relays 404, 405, etc., the test se-
lector 1000 will be advanced immediately from
position {3 over the circult previously traced for
advancing the test switch 1000 from this posi-
tion.

The advance of the test switch 1000 to position
20 is the same as described for the previous test.

Operator call

With test selector 1000 in position 20, ground
is again connected fto the winding of relay 933
causing test class switch 900 to advance to posi-
tion 5. In advancing from position 3, the cir-
cuit of relay 113 is opened. With brush 994 in
position 5, the operation of relay 1419, following
connection with the district junctor again
grounds conductor 937 thereby completing g cir-
cuit over brush 904 in position 5, conductor 940,
winding of relay {11 and battery. Relay Il pre-
pares a dialing circuit for transmitting a code
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to the sender Which will refresent & call to an
operator’s position.

Tor the operator class of test call with switch
900 in position 6, & circuit is closed from ground

over brush 905, conductor 842, through the wind--

ing of relay 1101 to battery. Relay 1101 opens
the circuit for operating relay 145,

In the junctor circuit, while relay (805 is
operated, the marker operates relay {802 to in-
dicate that the call is to an operator’s position.
Relay 1802 locks over its inner right front con-
tact to conductor 1323 and, after relay 1800 oper-
ates to the outer right contact of relay 1800." Re-
lay 1802 also opens the locking circuits of relays
i820 and 1823 to prevent a charge being made.
When the marker and sender release, relay 1800
connects the incoming tip and ring conductors
1319 and 1320 over the fourth and third left con-

‘tacts of relay 1800, second left and right front

contacts of relay 1802, to the outgoing tip and
ring conductors 1326 and #321.

In the test circuit, the incoming tip and ring
conductors extend as previously traced over the
back contact of relay 1ii5. The outgoing tip
and ring conductors extend as traced over the
back contacts of relay §1{1 to battery through
the winding of relay 1100 and ground, respec-
tively. If the connection through the junctor is
complete, relay 1100 operates, Jocking through
its right winding to ground over the second left

. contact of relay 1022 and conductor 1426. When
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relay 1100 operates, it closes a circuit from bat-
tery through the winding of relay 1035, middle
right front contact of relay 1101, outer right
front contact of relay 1100, conductor 1i32, to
ground at the middle left front contact of relay
{15, Withrelay 1035 operated, ground from con-
ductor 1826 over the innermost left contact of
relay 1022, inner left back contact of relay fo2¢,
left front contact of relay 1035 is connected to
conductor 1058 to hold the connection with the
district junctor and to hold relay 1800 of the
junctor operated in simulation of the operator’s
cord.

With relay {101 operated, ground over the
inner left front contact of relay (101 is connected
over conductor {133 to the strapped contacts of
brush 1004 in positions § to T over the inner left
back contact of relay 1024 and directly to the
contacts of brush 1004 in positions 4 and 8 to I,
thereby advancing the test selector through the
positions for making the supervisory relay tests.
Test switch 1000 is advanced out of position 12
under the control of interrupter 1219, the circuit

extending from the winding of magnet 1005, mid-

dle right front contact of relay 1023, conductor
1040, interrupter 1219, auxiliary contact of jack
1200, conductor 1226, over the fourth right front
contact of relay Il1, conductor 122 to brush
1002 in position 12 and grounded conductor 1426.
A similar circuit extending over the third right
front contsct of relay #11 and conductor I121 to
prush 1002 in position 13 advances switch 1000
to position 14,

With switch 1000 in position 14, a circuit is
closed from battery through the winding of relay
1209, conductor 1221, outer right front contact
of relay 1104, conductor 1130, brush 100! in po-
sition 14 to grounded conductor 937 causing re-
lay 1209 to operate. Relay 1208 connects ground
over its inner right front contact to interrupter
1220. Relays 1214, 1215, 12i6, 1217 and 1218
operate In succession under the control of in-
terrupter 1220. When relay 1216 operates, relay

13

213 operates ovér the inner 1&ft front contact
of relay 1216 and the middle left front contact
of relay 1208.

When relay 1213 operates, the top point of
varistor 1204 is connected over the outer right
front contact of relay 12(3, outer right back con-

test ine. Relay 1208 is connected over the inner
and middle right front contacts of relay 1213 to
the side terminals of varistor 1204. At its middle
left front contact relay 1243 connects ground to

one side of the alternating current power supply -

and at its inner left front contact connects the
other side of the power supply to the lower point
of the varistor 1204. Between the operation of re-
lay 1213 and the operation of relay 1211 the cur-
rent applied to the test line tests for false
grounds or crosses on the circuit which may be
traced from the ring conductor of the test line,
through the cross-points 1306, 1309, 1312 and
1311, conductor 1321, outer right front contact of
relay 1802, third left front contact of relay 1800,
conductor 1320, and thence as previously traced
through the test circuit with relay 1115 unoper-
ated to tip conductor 1319, outer left front con-
tact of relay 1800, outer left front contact of
relay 1802, conductor 1326, tip contacts of cross~
points 1317, 1312, 1308 and 1306, to the tip con~-
ductor of the test line, inner right back contact
of relay 1212, outer left front contact of relay
1213, outer right front contact of relay 1209, to
the inner left contact of relay 1217. When relay
1211 operates, ground is connected to this cir-
cuit thereby operating relay 1206,

If relay 1206 operates before relay 1211, ground
will be connected over the front contact of relay
1206 to the winding of relay (208 and battery.
Relay 1208 in operating connects ground over its
front contact and the outer right back contact of
relay 1211, outer left front contact of relay 1216,
to conductor 1224 to operate relay 1410 and block
the test. If relay 1206 fails to operate, no cir-
cuit is closed for advancing test switch 1000 and
the test circuit remains in position {4 indicating
that the test line is open. With velay (217
operated, the operation of relay 1208 operates
relay 1208 which, in turn, closes a circuit over
the front contact of relay 1208, outer right front
contact of relay 1241, inner left front contact of
relay 1209 to conductor 1226, grounding inter-
rupter 1219 to step switch 1008 to position I5.
Switch 1000 is advanced to position 1T in the
manner previously described after which the test
continues as in the previous test, since no charge
should be made.

When test switch 1000 reaches position 20,
ground is again connected to the winding of
relay 939, causing the advance of the test class
switch 900 to position 1.

Abandoned call

In advancing from position 5, the circuit for
relay 111 is opened causing that relay to release.
When relay 1419 reoperates to ground on con-
ductor 937, the operating circuit for relay 113 is
reclosed thereby again indicating to the marker
that no charge is to be made for this call. In
this position the district selector is tested for its
ability to be released by a signal from the sender
due to the abandonment of the call after the com-
plete code has heen dialed.

_For this test, with switch 900 standing in posi-
tion 1 ground is connected over brush 905 in
position 1, conductor 944, to the winding of relay

- tact of relay 1212 to the ring conductor of the -
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1024 and battery. Relay 1024 closes an obvious
circuit for relay 1020. The closure of the dial-
ing circuit and the dialing of the free call code
take place as previously described. With relay
1024 operated, the ring conductor of the test line
is opened at the inner right back contact of relay
1024 so that a sender cannot be satisfled and

.dismissed following the selection of the test line.

With switch 1000 in position 8, relay §112 is oper-
ated as previously described, locking in & circuit
from battery through its left winding and inner
left front contact, conductor (134, inner left front
contact of relay 1020, outer left back contact
of relay 1021 to ground at the outer right front
contact of relay 1028, Relay (112 connects relay
{116 to the sleeve of the first test line as on
regular tests. When relay 1116 operates, it con-
nects ground to interrupter 1220 and the test
made with relays 1213 to 1218 is made as previ-
ously described. When relay {218 operates it
closes a circult from the sieeve conductor of the
second tfest line, conductor 1324, outer left front
contact of relay 1116, outer right front contact
of relay 112, conductor (35, outer left front
contact of relay 1218, conductor 1229, inner right
front contact of relay 1020 to the right winding
of relay 1112 and battery. Thereby relay 112
is locked to the sleeve of the test line. Relay
1218 also closes a circuit from ground at its outer
right front contact, conductor 1060, third right
front contact of relay 1024, brush 1004 in posi-
tion 3 and thence to the winding of magnet 1005
and battery, advancing switch 1000 to position 4.

Relay 1024 connects ground over its outer left
front contact to the terminal of brush (004 in
position 4 thereby immediately advancing switch
1000 to position 5. In positions 5 and 6 of switch
1000 a circuit is closed from battery through the
winding of magnet 1005, middle right front con-
tact of relay 1023, second right front contact of
relay 1024, interrupter 1025, brush 1001 in posi-
tions § and 6 to grounded conductor 937. In
position T this circuit extends from interrupter
1025 over the inner right front contact of relay
1024 to brush 100/ in position 1. Therefore,
switch 1000 is advanced through positions § to
1 under the control of interrupter 1025 to insure
that the sender has been connected to the marker
before registering disconnect in the sender.
With relay 1024 operated, ground is connected
over the outer left front contact of relay 1024 to
the terminals of brush 1004 in positions 8 to 11
and over the outer left front contact of relay
1020 to the terminal of brush 10604 in position 12,
Therefore switch 1000 is immediately advanced
to position 13. In position 13, since no charge
has been made, the charging relays are normal
and the circuit, previously traced for indicating
thelr return to normal, now serves to advance
switch 1000 to position 14. Switch 1000 is moved
to position I by ground over key 416 and from
position 16 by ground directly connected to the
terminal of brush 1004,

In position 17 relay 1021 is operated over brush
1001 and grounded conductor 937. Relay 1021
locks over its inner left front contact, fifth left
contact of relay 1022 to grounded conductor 1426.
With relay 1021 operated, the dialing circuit lead-
ing to the sender is opened, causing the sender
to release. Relay 102f also connects ground to
brush 1004 in position 11, advancing switch (000
to position 18.

Under these conditions the sender first dis-
connects ground from conductor 1323 to permit
relays 1823, 1822 and 1802 to release if previously

2,227,380

operated by the marker and then connects bat-
tery to conductor 1323, completing a circuit over
the inner right back contact of relay 1802, right
back contacts of relays 1823, 1822 and the left
winding of relay (813 to ground. Relay 1813
operates in this circuit.

Relay 1813 disconnects ground from conductor
1787, which would release the line link switches
in a service connection and in the present case
opens the holding circuit of relay 103! which
releases and closes a circuit from ground at its
left ‘back contact, middle right front contact

of relay 1020, outer left back contact of relay 328,

conductor 1059, to brush 1004 in position 18 and
thence to magnet 1005 and battery, advancing
switch 1000 to position (8. The release of the
district junctor advances switch 1000 to position
20 as before.

With test switch 1000 in position 20, ground
is connected to the winding of relay 933 which
functions as previously described to advance
test class switch 900 to position 9. In this posi-
tion relay #13 is reoperated and s test is made of
the condensers included in the talking circuit
of the district junctor.

Condenser test

For the test of the condensers in the talking
circuit of the district junctor, with the test class
switch 900 in position 9, lamp 924 is lighted over
brush 901 and grounded conductor 1428 and relay
113 is operated to indicate to the marker that
no charge is to be made. A circuit is also closed
from ground over brush 905 in position 9, con-
ductor 943, winding of relay 1105 and battery.
Relay 1105 causes test switch 1000 to advance
through positions 4 to 11 by connecting ground
over its third left front contact to conductor
1133, thereby grounding the terminals of brush
1004 in positions 4 and 8 to (I directly and in
positions 5§ to T over the inner left back contact
of relay 1024,

When switch 1000 reaches position 12, relay
1113 is operated as before, grounding conductor
1125 and completing a circuit over the right frong
contact of relay (105, to the winding of relay
1207 and battery. Relay 1207 operates in this
circuit locking over its inner right front contact,
outer left back contact of relay 102f to ground
at the outer right front contact of relay 1023.

The operation of relay 1207 lights lamp 1019
and connects the tip conductor of the test line
over the inner right back ‘contact of relay 1212,
outer left back contact of relay 1213, middle right
front contact of relay 1201, inner left back con-
tact of relay 1205 to the winding of relay 1208
and connects the ring conductor of the test line
over the outer right back contact of relay 1212,
outer right back contact of relay 1213, outer
right front contact of relay | 201, inner right
back contact of relay 1205 to the winding of relay
1208 and battery.

With relay (207 operated, the incoming tip
conductor of the district junctor which extends
as previously traced to conductor 1436, is con-
nected over the outer left back contact of re-
lay 1212, outer left front contact of relay 1207,
to the alternating current power supply, while
the ring conductor which extends to conductor
525 as previously traced is connected over the
inner left back contact of relay 1212, third left
front contact of relay 1207 and the middle left
back contact of relay 1205 to the alternating cur-
rent supply. At the district junctor the out-
going tip and ring conductors are connected to-
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gether through the winding of relay 18!1 but
the tip conductor 1326 is connected over the
third left back contact of relay 1802, second left
front contact of relay 1800 through condenser
1803 to the left winding of relay 1806 and bat-
tery, while the ring conductor 1327 is connected
over the third right back contact of relay 1302,
inner right front contact of relay 1800, through
condenser I80f to the right winding of relay
{806 and ground. Therefore, if either condenser
1800 or 1803 is short-circuited relay 1208 will
operate, :

The completion of these circuits holds relay
{806 operated, preventing the disconnection of
the district junctor circuit. If relay 1208 is not
operated, a circuit is closed from ground over
the back contact of relay 1208, second left front
contact of relay 1201, outer right back contact
of relay 1205, conductor (226, normal contact of
jack 1200 to interrupter 1219, which is connected

‘over conductor 1040 and the middie right front

contact of relay 1023 to the winding of magnet
1008 and battery. Therefore, the test switch
1688 advances through positions {2 and i3 un-
der the control of interrupter 12i9. In position
i4 a circuit is closed from battery through the
winding of relay 1209, inner left front contact
of relay #4085, conductor 1§30, brush (061 in
position {4 to ground over conductor 931. Re-
lay 1285 locks over its middle right front con-
tact, conductor 1228, fourth left back contact of
relay 1022 to grounded conductor §426. With
relay 1205 operated ground is disconnected from
interrupter {219 and switch 100§ remains in this
position.

The operation of relay 1205 disconnects the
incoming tip and ring conductors from each
other and connects them to opposite sides of
the alternating current power supply. The op-
eration of relay (205 also disconnects the test
line tip and ring conductors from relay 1208 and
connects them to the top and bottom, respec-
tively, of the varistor 1204, across which relay
{205 connects relay 1206, If the condensers are
in satisfactory condition relay 1206 operates un-
der these circumstances. The operation of re-

‘Jay 1206 closes an obvious circuit for relay 1208

which closes a circuit from ground over the front
contact of relay 1208, right back contact of re-
lay 1217, left back contact of relay 1216, outer
left front contact of relay 1105, conductor 1055,
brush 1084 in position 14 and thence to the wind-
ing of the stepping magnet 1005 and battery to
advance switch (000 to position 5. Positions
15 and 16 are passed by in response to ground
connected to conductor 1056 over the outer left
back contact of relay {106, conductor 1132 and
the second left front contact of relay 1105 and
ground connected directly to the terminal of
brush 1004 in position 6.

The advance of switch 1000 to position 20 takes
place as described for the free call. .

When test selector (000 reaches position 20,
ground is connected to the winding of relay 939
which functions to advance test class switch 900
to position {f. Relay 113 is again operated and
the circuits are arranged to test the automatic
release feature of the district junctor.

Automatic release test

Por this test switch 800 is in position ({, free
call relay (13 is operated and relay 110§ is
operated over conductor 1136 and brush 905 in
position 11,

In this test the district junctor circuit is tested

15

for its ability to release the calling subscriber’s
line when the called subscriber disconnects with
the calling subscriber’s receiver off the switch-
hook. Under this condition, the district junctor
circuit should open the originating sleeve in four
minutes or less.

In the district junctor circuit during a service

connection relay 1806 is operated under the con-
trol of the calling line and relay 1811 under
the confrol of the called line. If the called sub-
scriber has answered for a time interval suff-
ciently long to cause relay 1812 to operate and
then disconnects, but the calling subscriber fails
to disconnect, the release of relay i8(i1 opens
the locking circuit for relay 1813, connects ground
over the back contact of relay 1811, middle left
front contact of relay 1812 to interrupter 1825.
When the interrupter 1825 closes its contact, re-
lay 1824 operates, locking under the control of
relays 1812 and {8{1i. After a two-minute in-
terval interrupter 1826, which is carried on the
same shaft as interrupter #1825, closes its con-
tacts, completing a circuit from ground over the
interrupter contact, right front contact of relay
1824, right back contact of relay 1813, inner right
front contact of relay (812 to the winding of
relay 1802 and battery. When relay 1802 oper-
ates, it opens the locking circuit of relay 1800
and disconnects relay §806 from the calling line,
thereby releasing relay 1808 and disconnecting
ground from the incoming sleeve conductor 1787
releasing the line link hold magnets. The re-
lease of relay 1809 also releases the outgoing con-
nection through the district office switches.

In testing this function of the district junctor,
the test proceeds as previously described through
position {{ of the test switch §8080. In position
12, relay (1§13 is operated to ' energize timer
magnet §81. When contact 500 closes, relay
400 operates and operates relay 1107 which locks
and causes the operation of relay 18{1. The
operation of relay {107 closes a circuit from mag-
net 1009 over brush 1084 in position {2, con-
ductor $30, inner left front contact of relay
1107, inner left front contact of relay 1108,
inner left back contact of relay 1033, conductor
1053, right front contact of relay 400, right back
contact of relay 1022 to ground at the outer left
front contact of relay 1032. Switch 1000 ad-
vances to position {3 from which it is advanced
to position 4 by the normal closure of the
charge test circuits as previously traced. When
relay 400 releases in response to the opening
of timer contact 500, a circuit is closed from
magnet {005 over brush 1004 in position {4, con-
ductor {055, outer left back contact of relay
1105, outer right front contact of relay {166,
conductor {137, right back contact of relay 400,
right back contact of relay 1022 to ground at
the outer left front contact of relay 1032.
Switch 1000 advances to position 15, where a
circuit is closed from battery through the wind-
ing of relay 1033, inner right front contact of
relay 1106, brush 1602 in position 15, to ground
over conductor 1426. Relay 1033 operates and
locks over its inner left front contact, sixth left
contact of relay 1022 to grounded conductor
1426. A branch of the operating circuit of re-
lay 1033 extends to lamp 018 to indicate that
the test circuit is timing for automatic release
of the district junctor. With relay 1033 oper-
ated, the circuit of relay 1811 is opened to start
the automatic_release of the district junctor.

- Relay 1033 prepares two circuits, one from the

stepping magnet 1005, over brush 1004 in po-
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sition {5, conductor 1056, outer left front con-
tact of relay 1106, outer left front contact of

_relay 1033, right normal contact of key 1034,

right back contact of relay 103(, inner right
front contact of relay 1032, left back contact
of relay 1021 to ground at the outer right front
contact of relay 1023. The second circult ex-
tends from battery through the winding of relay
1410, conductor (224, inner left contact of key
1034, third left front contact of relay 1033, con-
ductor 1053, right front contact of.relay 400,
right back contact of relay 1022, to ground at
the outer left front contact of relay (032, If
the district junctor release arrangement works
satisfactorily, the removal of ground from con-
ductor 1787 will release relay 1031 and close the
first of these circuits. If the release does not
take place before the reoperation of relay 400,
the second circuit is closed, operating relay 1410
to block the progress of the test. If the test
switch 1000 is advanced, the test is completed as
previously described.

False automatic release

As a variant of the previous test, a test may
be made for false ground on the automatic re-
lease conductor i836. To make this test the
automatic release key 916 is operated, as well
as key 1034, The test proceeds the same as
on the regular automatic release test above
described until relay 1033 is operated, and lamp
(818 lighted with test switch 1000 in position 15.
Wwith key 1034 operated, a circuit is prepared
from battery through the winding of relay 1410,
conductor 1224, right closed contact of key 1034,
right back contact of relay (03f, inner right
front contact of relay 1032, outer left back
contact of relay 1021 to ground at the outer
right front contact of relay 1023 to operate re-
lay 1410 if relay 1031 releases prematurely. Re-
lay 1033 and key 1034 prepare a circuit for ad-
vancing switch 1000 to position 15 which ex-
tends from brush 004 in position (8, over con-
ductor 1056, outer left front contact of relay
1106, inner left closed contact of key 1034, third
left front contact of relay 1033, conductor 1053,
right front contact of relay 400, right back con-
tact of relay 1022 to ground at the outer left
front contact of relay 1032. Relay 1033 at its
inner right back contact disconnects ground
from the tip conductor of the test line thereby
releasing relay 811 and closes a circuit from
ground over conductor 1126, middle right front
contact of relay (106, inner right operated con-
tact of key 1034, inner right front contact of
relay 1033 to interrupter 1028 which controls
relays 1027 and 1030. The first closure of in-
terrupter 1028 operates relay (030 which locks
independent of the interrupter and closes a cir-
cuit for relay 1027 which is shunted as long as
the contact of interrupter {028 remains closed.
When the interrupter 1028 opens its contact re-
lay 1027 operates. At the next closure of in-
terrupter 1028, relay (030 is released but relay
1027 is held operated through the interrupter
contact until the interrupter opens its contact,
when relay (027 also releases. This cycle of
operations continues as long as ground is con-
nected to interrupter {030. Each time that re-
lay 1028 operates, the circuit of relay (811l is
reclosed at the right front contact of relay 1030
which is in parallel with the back contact of
relay 1033. When relay 1811 releases, it grounds
interrupter 1825 and opens thé locking circuit of
relay 1813 which is effective if relays 1814 and

2,227,380

1815 are normal. If interrupter 1825 should
happen to be closed at the moment that relay
1811 closes its back contact, relay (824 will
immediately operate and lock under the control
of relay 1812 and relay 18i{f. When now inter-
rupter 1028 closes its contact, relay 1811 re-
operates, opens the locking circuit of relay 1824
which starts to release, but being slow acting
does not do so immediately. The next closure
of the contact of interrupter 1028 releases relay
1030 and, in turn, releases relay 18f1 and re-
closes the holding circuit for relay 1824, There-
fore, -relay 1811 is caused fo release and re-
operate once a second. During the release of
relay 1811, if there is a false ground on con-
ductor 1836, the circuit previously traced for
relay 1802 is closed from the false ground in-
stead of waiting for the closure of interrupter
1826. Therefore, the district junctor is imme-
diately released and ground is removed from
conductor 1181. Under this condition relay 1031
releases, completing the circuit for relay 1410
above described. The operation of relay 1410
blocks the progress of the test.

If there is no such false ground on conductor
1836 the reoperation of relay 1810 releases re-
lay 1824 before interrupter 1826 closes its con-
tact and the test circuit awaits the closure of
timer 500 to operate relay 400. When relay 400
operates it closes the circuit above traced for
advancing switch 1000 to position 16 out of which
it is immediately advanced by ground on the
terminal of brush 1004.

In position 17 relay 102} operates as previously
described, makes the release test of district
junctor relay 1806 and steps switch 1008 to
position (8. When testing non-coin districts
switch 1000 is advanced from position 18 through
the back contact of relay 328 and relay 1020.
The balance of the test is the same as on a regu-
lar automatic release test.

When test selector 1000 reaches position 20,
ground is connected to the winding of relay 933
which functions to advance test class switch 900
to position 13. This position corresponds to the
test of the control of the zone metering features
of the district and since the district junctor
under test is not equipped for zone metering,
this test cannot be made thereon. Therefore,
when switch 900 reaches position 13 a circuit is
closed from ground at the middle right contact
of relay 322, conductor 1434, normal contact of
key 1482, outer left front contact of relay (409,
conductor (442, right contact of zone key 910
which is operated since other district junctors
are to be tested for this function, brush 903 in
position 3, right back contacts of relays 328,
321, 315 and 3186, outer left back contact of relay
318, outer right back contact of relay 323, back
contact and winding of magnet 906 and battery.
Switch 900 advances from position {3 in this cir-
cuit and from position (4 under the control of
the back contact of relay 933.

In position 15 a circuit is closed from con-
ductor 937, brush 904, conductor 941, back con-
tact of relay 318, conductor 936 to the winding
of charge relay 112. In this position the action
of the district junctor in the charging of a call
to the tip party on a party line is tested.

Tip party charge

This test is essentially the same as the test
made in position | of switch 800. However, with
brush 905 in position 15 a circuit is closed from
ground over brush 905, conductor 945, inner
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right front contact of relay 822, to the winding
of relay 401 and battery. Relay 401 reverses
the connection of relays 509 and 608 to the
metering conductors, at the same time trans-
ferring relay 410 to the tip party metering con-
ductor. Relay 401 also connects ground from
the inner right back contact of relay 1021, back
contact of relay 1035, conductor 1062, outer right
back contacts of relays 1207 and 1115, conductor
1139, inner left front contact of relay 401, con-
ductor 421, resistance 512, conductor 1221, left
back contact of relay 1207, outer left back con-
tact of relay 1212, conductor 1436 and thence
as previously traced to the tip conductor 1319
of the district junctor and through the sender
link switches 1303 and 1304 to the sender to
give the sender an indication of a tip party call-
ing. The sender passes the information to the
marker, which in turn operates relay 1823 in the
district junctor. Relay 1823 locks, disconnects
the metering circuit from conductor 1833 and
connects it to conductor 1834, at the same time
reversing the connection of ground to these
metering conductors. Relay 1823 also provides
an auxiliary holding circuit for relay 1822.
With both metering and testing circuits asso-
ciated with conductor 1834, the test proceeds as
for the individual test.

When test selector {000 now reaches position
20, relay 933 is again operated, advancing
switch 900 to position 6. In this position relay
934 operates in a circuit from battery through
the winding of relay 934, brush 90i in position
16, to ground over conductor 1428, At its inner
left front contact relay 934 closes an obvious cir-
cuit for relay 935 which, in turn, closes a circuit
for meter 930. With relay 934 operated, the
closure of the contact of register 930 completes
& circuit from ground at the left front contact
of relay 881, front contact of meter 930, outer
left front contact of relay 934, outer upper con-
tact of key 1400, winding of complete test meter
1405, and battery. Meter 1405 in operating
initiates the advance of the connection control
circuit to another distriet.
a circuit from ground at its front contact, inner
upper normal contact of key 1403, upper nor-
mal contact of key 1403, left winding of relay
1412 to hattery. Relay 1412 closes a -circuit
from ground at its inner right contact, inner
right contact of relay 934, to resistance 932 and
battery in shunt of ‘the winding of relay 931,
thereby causing relay 931 to release. With re~
lay 931 released ground is connected over the
outer left back contact of relay 931, the seven-
teenth to twentieth terminals of brush 902, back
contact and winding of magnet 906 to battery,
thereby advancing switch 900 to position 21. As
soon as the brush 901 leaves position 186, relay
934 releases closing a circuit from ground at its
left back contact to the twenty-first terminal
of brush 902 so that when the brush reaches
position 21 it is immediately advanced to normal.

If one of the test class keys 810 to 917 is not
operated, a circuit is arranged to pass that posi-
tion without making the corresponding test.
Suppose, for example, that key 911 is not oper-
ated; then when switch 900 reaches position 3
a circuit will;be closed from battery through the
winding and over the back contact of magnet
906, left normal contact of key 917, brush 803 in
position 3, over the closed right contact of an
operated key to ground over conductor 1442,

Relay 1412 when operated locks in a circuit

Meter 1405 closes -

17
from battery through its left winding and outer
left front contact to ground at the left contact
of relay 1408 and extends this locking ground
over its inner left front contact to the winding
of relay 1416 and battery. Relay (415 in oper-
ating releases relay 1419 which, in turn, releases
relay 1416 disconnecting the junctor just tested
from the test circuits. Relay 1415 also closes g
circuit from battery through the winding and
back contact of magnet {605, brush (602 in po-
sition {, conductor 1633, inner right front con-
tact of relay 1415, right contact of start key 1422,
left back contact of relay 1420 to ground at the
right back contact of relay (416, Switch 1600
advances to position 2 in this circuit. ‘The ad-
vance of switch 1600 opens the circuit of hold
magnet (730 thereby disconnecting the test cir-
cuit from the district junctor of Fig. 18. When
magnet 1730 releases it opens the circuit of re-
lay 1408 in turn releasing relay (412.

The release of relay 931 causes the release of
registers 930 and 1405 thereby also opening the
operating circuit for relay i412. When relay
1412 is released it also releases relay 1415 thereby
closing a circuit from battery through the wind-
ing and over the back contact of magnet 1605,
brush 1602 in position 2, conductor 1634, back
contact of relay 1408, inner left back contact of
relay {415, to ground at the outer right front
contact of relay (409, Switch 1600 advances to
position 3 in this circuit. With switch {600 in
position 3 the No, 1 hold magnet of the series
1730 to 1739 is operated, connecting the test cir-
cuit with the next district junctor. With the
corresponding cross-point closed, the conductors
extending to the originating side of the next
Junctor are connected to the test circuit,. The
hold magnet also connects ground to conductor
{116 thereby operating relay (408 to cause the
start circuit to begin the busy test on the second

. district junctor circuit as heretofore described.

After the tenth district circuit has been saf-
isfactorily tested and relay 1415 operates as above
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described, switch 1600 is advanced to position 19.

In this position a circuit is closed from battery
through the winding and over the back contact
of magnet 1616, brush (612 in position I, brush
1603 in position 19, to ground at the front con-
tact of relay 1606. Switch 16410 is advanced to
position 2 in this circuit. The advance of brush
1618 from position | releases the select magnet
1720 restoring the corresponding. horizontal row
of cross-points from the selected condition, Mag-
net 1120 in turn releases relay 1606. The ad-
vance of switch 1600 releases relays 1408, 1412
and 1415 as previously described. Therefore, the
release of relay 1606 closes a circuit from ground
over its back contact, conductor 1635, right back

" contact of relay {415, conductor 1443, brush (602
_in position {9, back contact and winding of mag-

net 1605 to battery. Switch 1600 advances to
position 21 in this circuit. When switch 1600 has
advanced, it closes a circuit from battery through
the winding and over the back contact of mag-
net 1616, brush 1612 in position 2, brush 1604 in
position 21 to ground, thereby advancing switch
1610 to the next working position. In this posi-
tion the select magnet of the next level of cross-
bar switch 1700 is operated over brush 1613 and
the operation of the select magnet in turn closes
the circuit for relay 1606. With relay 1606 op-
erated, as an indication that the next switch level
has been prepared, a circuit is closed from ground
over the contact of relay (606, brush 1602 in po-
sition 21, back contact and winding of magnet
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1605 to battery, thereby advancing brush 1800 to
normal. The advance of switch 1800 to its first
working position ! is the same as described at
the start of testing.

Switch 1610 is advanced from position to posi-
tion as above described. With switch 1610 in po-
sition 19 select magnet 1729 is operated and with
switch 1610 in position | hold magnet (7130 is op-
erated, closing cross-point 1748 which connects
the test circuit with the coin type district junc-
tor of Fig. 7.

The test circuit now makes a complete set of
tests of this district.

Coin district

As in the case of the district junctor of Fig. 18,
the coln district junctor of Fig. 7 is marked idle
by the presence of battery on conductor 132 to
which it is connected over the normal contact of
jack 7116, outer left back contact of relay 726,
third left back contact of relay 728, outer left
back contact of relay 707, right back contact of

‘relay 111, inner right back contact of relay 707,

outer left back contact of relay 1098 and resist-
ance 108.

The test circuit tests for this battery before
proceeding with the other tests. If this test is
successful, relay 1036 is connected across con-
ductors 1436 and 1437 which are extended over
the front contacts of relay 1416 to conductors
1781 and (182. The closure of cross-point 1749
connecting the test circuit to the district junctor
circuit extends conductor 1181 to conductor 133
and the inner left back contact of relay 121, and
conductor 1782 to conductor 734 and the inner
right back contact of relay 721, and thence to
the pulsing relay of the sender 1329 to which
the junctor is connected under the control of
link control circuit 1607 over link switches 1301
and 1302. When the connection with the sender
1329 has been completed, ground is connected to
conductor 735, completing a circuit over the
middle right back contact of relay 128, through
the winding of relay Ti1 and battery. After the
designation has been recorded in the sender (329
the marker 1300 is summoned and controls the
connection of the district junctor with the test
line over cross-points 1306, 1309, {311 and 1318.

During the establishment of the connection with "

the test line the marker operates relay 129 by
way of the sender link switches 130 and 1302
and relay 129 locks over conductor 138 to ground
in the marker through the district link. Relay
129 in operating connects ground over conductor
131 to the winding of select magnet 1313 of the
primary district switches to which this junctor
has access. It also extends conductors 138, 139
and 740 to the marker 1300.

After the marker has established the connec-

tion with the test line, it releases relay 129. Relay
729 in releasing connects -conductor T4f over
which the district and office switches are held,
over the left back contact of relay 729 to ground
at the outer left front contact of relay Ti1. The
marker tests for this ground and on finding it,
disconnects.

After the sender has completed its functions in
establishing the connection, it connects ground
to conductor 142, completing a circuit over the
right back contact of relay 129 and the winding
of relay 126 to battery. Relay 726 locks over the
inner left back contact of relay 128 and the sec-
ond left front contact of relay 726. Relay 126
also extends its locking ground over its inner
right front contact to conductor 743 through re-

$,227,880

sistance 131. With relay 128 operated, the tip
conductor 7133 is extended over the inner left
back contact of relay 721, third right front con-
tact of relay 726, inner right back contact of
relay 128, outer right back contact of relay 1271 &
to ground through the right winding of relay
130, while the ring conductor 134 is extended over
the inner right back contact of relay 121, fourth
right front contact of relay 726, second left back
contact of relay 128, second left back contact of 10
relay 121, to battery through the left winding
of relay 130. Relay 7130 closes a circuit from
ground at the inner left front contact of relay
111, front contact of relay 130, to conductor 135

to hold the outgoing' connection and over the 15
middie right back contact of relay 7128 to the
winding of relay T17 to hold that relay operated.
Relay 126 in operating also connects the ring
of the test line which extends through the cross-
points to conductor 145, outer left back contact 20
of relay 128, outermost right front contact of
relay 126, winding of relay 1719, winding of coil
118, right front contact of relay 117, inner leff
front contact of relay 126, outer right back con-
tact of relay 728, conductor 744, which in turn 25
is connected through the cross-points to the tip
conductor of the test line. The test circuit makes
the alternating current test of the test line, and
tests incoming supervisory relay 730 in the same
manner in which it tested relay 1808, This test 30
is followed by a test of the outgoing supervisory
relay T49.

When relay 719 is operated it connects ground
over its front contact, outer right back contact
of relay 120, to conductor 7146. The interrupter 35
relays 113 and Ti4 operate and release in syn-
chronism with the contacts of interrupter TIS.
When interrupter 118 connects ground to con-

" ductor 748, relay 113 operates over the back con-

tact of relay 114 and connects conductor 746 over 40
its upper front contact to the right winding of
relay 723 and battery. Relay 723 locks directly
to conductor 146 independent of the interrupter
relays. When the interrupter 716 opens its con-
tact relay T13 releases. Two seconds later in- 45
terrupter 115 connects ground to conductor T41
operating relay 714 over the back contact of re-
lay 1i8. Relay 114 connects ground from con-
ductor 146 over its lower front contact, left front
contact of relay 123, second right back contact
of relay 101, outer left back contact of relay 708,
normal contact of charging timer 104, outer right
back contact of relay 706, third right back con-
tact of relay 127, to the winding of relay 724 and
battery. Relay 121 operated, locks over the third g5
right back contact of relay 121, to ground at the
fourth right front contact of relay 121. It also
provides an auxiliary holding circuit for relay 126
which may be traced from battery through the
winding of relay 126, outer right back contact of g
relay 728 to ground at the third right front con-
tact of relay 12(. In addition, it closes a circuit
from battery through the winding of magnet 704
which controls the coin timer, inner left front
contact of relay 121, second right back contact of gg
relay 121, to ground at the inner left front con-
tact of relay TI7.

When magnet 104 operates, it causes the timer
to engage with the drive shaft which is driven
by a telechron motor 100 and furnishes the driv- 79
ing power for a plurality of district junctor cir-
cuits. The coin timer then proceeds to move off
normal.

In the test circuit relay 325 is operated over
the group relay and the brush 1614, since relay y5
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328 corresponds to a district junctor of the type
shown in Fig. 7 which glves overtime service.
With relay 325 operated, relay 328 is operated to
modify the test circuits. With relay 328 oper-
ated, when the test switch 1000 reaches position
12, operating relay 1118, a circult is closed from
battery through the winding of relay 615, con-
ductor 538, second right front contact of relay
328, conductor 336, outer left front contact of
relay (411 to ground over conductor 11286.

With relay 515 operated, the tip conductor of
the test line may be traced over the inner right
back contact of relay 1262, outer left back con-
tact of relay 12183, inner right back contact of
relay 1267, inner right back contact of relay 1209,
middle right front contact of relay {1, right
back contact of relay 1102, inner right back con-
tact of relay 1033, conductor 1050, back contact
of relay 329, outer left back contact of relay 404,
outer right back contact of relay 403 to ground
at the right back contact of relay 408. The ring
conductor of the test line may be traced over the
outer right back contact of relay 1212, outer
right back contact of relay 1213, middle right
back contact of relay 1207, outer left back con-
tact of relay 1209, conductor 1225, inner right
back contact of relay 1024, conductor 1045, outer
right front contact of relay 1111, outer left back
contact of relay (102 to battery through resist-
ance [103. With relay 515 operated, the incom-
ing tip conductor from the district junctor which
extends through the connecting circuits from
conductor 133 to conductor (436 is extended over
the outer left back contact of relay 1212, outer
left back contact of relay 1207, conductor 1221,
inner left front contact of relay 515, conductor
539, middle right back contact of relay 1033, con-
ductor 639, upper normal contacts of keys 625
and 624, inner right back contact of relay 505,
winding of relay 501, resistance 506, outer right
back contact of relay 505, normal contact of key
619, right back contact of relay 603, conductor
531, seventh left back contact of relay 1022 to
grounded conductor 1426. Relay 507 is also con-
nected to the outgoing ring conductor in a circuit
which extends as previously traced from the ring
conductor 734 of the district junctor to conduc-
tor (431, inner right front contact of relay 515,
left back contact of relay 602, middle left back
contact of relay 1021 to conductor 539 and thence
ag above traced to the winding of relay 507 and
to ground. .

With relay 5i% operated, resistance 514 is in-
cluded in the circuit of the upper winding of re-
lay 408 and resistance 513 is included in the cir-
cuit of the lower winding of relay 409 in order to
change the time required to operate this relay to
a value suitable for measuring the application of
the coin current.

If the ability of the district junctor to handle
overtime service is not to be tested, that is with
key 416 normal, collection takes place following
the release of the incoming supervisory relay 130.

With key 416 normal, the operation of relay

11138 closes a circuit from battery through the -

winding of relay 502, conductor 535, left normal
contact of key 416, inner right and outer left
contacts of relay 325, inner right back contact
of relay 826, conductor 529, inner left back con-
tact of relay 505, conductor {128, third right back
contact of relay {106, outer left front contact of
relay {108, middle left front contact of relay (111
to grounded conductor {125. Relay 502 func-
tions, as previously described, to measure a time
interval by operating relays 101 to 106 under the
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control of interrupter 1219. When relay 106 op-
erates It closes a circuit from ground over the
back contacts of relays 218, 218, 215, 214, 110, 109,
108 and 101, upper front contact of relay 106,
conductor 530, brush 1004 in position 12, to mag-
net 1005, thereby advancing switch 1000 to posi-
tion 13. Switch 1000 is advanced from position
I3 by the circuit which tests the normal condi-
tion of the charge testing relays. It is advanced
from position 14 over conductor (055, as previ-
ously described, from position 15 by ground on
the right normal contact of key 418 and from po-
sition. 16 by direct ground on the terminal of
brush (004,

In position 17 relay 1021 is operated over brush
1001 and locks. Relay 1021 advances switch 1000
to position 18 and reduces the cwrrent in the
circuit of relay 130 to the release value,

The release of relay 730 opens the circuit of
relay 11 which releases, opening the circuit
of relay 719 and closing & circuif from battery
through resistance 708, left back contact of re-
lay 709, inner right back contact of relay 707,
right back contact of relay Ti1, outer left back
contact of relay 107, second right front contact
of relay 721, outer left front contact of relay

126, to the right winding of relay 789 and

ground. Relay 709 locks over its inner right
front contact, third right back contact of relay
107 fo resistance 705 and battery, At its inner
left contact it conneets ground to conductor 754,
which extends over the third left back contact
of relay 127 and the left back contact of relay
129 to conductor 74{ to hold the outgoing end
of the connection and in parallel therewith over
the second and first right front contacts "and
winding of relay 726 to hold that relay operated.

Relay 108 connects battery through resistance
708 over the outer left front contact of relay
109, outer left front contact of relay 7121 to con-
ductor 749 to operate the line register. Relay
709 also connects ground over its middle right
front contact, middle left back contact of relay
107 to conductor 750 to seize the coin control
supervisory circuit of Fig. 8.

The connection of ground to conductor 150
operates relay 804 which passes its operating
ground to the upper winding of relay 805. Re-
lay 805 closes a circuit for relay 806 over the
back contact of relay 803. Relay 804 connects
conductors 810 and 811 together thereby prepar-
ing a circuit from battery through the winding
of relay 630, conductor 810, front contact of re-
lay 804, conductor 81f, armature of relay 1750,
conductor 713, rush 1615, conductor 1638 to
ground at the uppermost right front contact of
relay 5i6. Relay 806 connects conductors 808
and 809 together which prepares a circuit from
battery through the winding of relay 628, con-
ductor 808, front contacts of relays 806 and 805,
conductor 809, front contact of relay 630, con-
ductor 638, brush 1604 to ground.

When the connection of the coin supervisory
circuit is established ground is connected to con-
ductor 812, closing a holding circuit for relay
109 to battery through its left winding and an
operating circuit for relay 707 over its left nor-
mal contact and through its winding to battery.
Relay 10T in operating locks over its inner and
middle left front contacts to ground at the mid-
dle and outer right contacts of relay 709. Relay
707 also closes a circuit from ground at its inner
right contact, right back contact of relay 11,
outer left front contact of relay 107, to the wind-
ing of relay 128 and battery. Relay 128 locks
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over its inner left front contact, to ground at
the second left front contact of relay 726 and
opens one holding circuit for relay 126. Relay
707 disconnects ground from conductor 153.
With relay 721 operated ground is connected to
conductor 151 to tell the coin circuit that the
coin is to be collected. In addition, when the
coin supervisory circuit is ready to collect the
coin it connects ground to conductor 813, clos-
ing a circuit for relay 121 which operates. Relay

. 121 opens the circuit of relay 721 and that relay

releases. It also connects the tip and ring con-
ductors 733 and 734 of the subscriber’s line, over
its inner right and left contacts to conductors
814 and 815, leading to the coin supervisory cir-
cuit, disconnecting relay 130 from conductors
133 and 134. Relay 127 also disconnects ground
from conductor 141, releasing the district and of-
fice switches.

When the coin supervisory circuit has applied
coin collect battery over conductors 814 and 815
it releases relays 127 and 109 and then releases.

The release of relay T09 in turn releases relays
107 and 726 and disconnects ground from con-
ductor 743. With relay 126 released, relay 128
also releases.

In the test circuit, the operation of relay 8§01
closes a circuit from grounded conductor 937,
brush #0081 in position 18, conductor 1126, right
contact of relay 410, left contact of relay 501,
winding of relay 602 and battery. Relay 602
operates relay 603 which locks over key 615 to
conductor 1126 and lights lamp 607. Relay 602
also closes a circuit from battery through the
winding of relay 414, outer right front contact
of relay 602, conductor 632, left back contact of
relay 413, right contact of relay 408 to grounded
conductor 1126. Relay 414 locks over the inner
right back contact of relay 413 to ground over
conductor 531. Relay 602 disconnects relay 501

from the ring conductor and with relay 603 .

closes a circuit from ground on conductor 126,
lower normal contacts of keys 625 and 624, in-
ner right front contact of relay 603, winding of
relay 601, outer left front contact of relay 602,
inner right front contact of relay 5§15 to conduc-
tor 1437 and thence to the ring conductor of the
district junctor as previously traced. Coin bat-
tery on the ring conductor operates relay 601
which operates relay 604. Relay 604 locks over
key 615 to conductor (126 and lights lamp 608.

When conductor 1126 was grounded by switch
{600, the circuits of relay 409 were prepared.
The operation of relay 581 opens the shunt
around condenser 511 permitting relay 409 to op-
erate. With relay 408 operated, a circuit is
closed as previously traced for relay 413 which
locks to grounded conductor 1126. Relay 413
opens the operating and locking circuits for re-
lay 414, If relays 507 and 602 release before
relay 409 in operating operates relay 413 and
releases relay 414, a circuit is closed from bat-
tery through the winding of relay 415, right
front contact of relay 414, inner right back con-
tact of relay 403, conductor 421, back contact of
relay 602, conductor 632, back contacts of relays
413 and 409 to grounded conductor 1126. Re-
lay 415 lights lamp 519 and grounds conductor
1224 to prevent the advance of the test. If the
pulse if of sufficient length, relay 602 in releas-
ing closes a circuit from battery through the
winding of relay 503, inner right front contact
of relay 413, left back contact of relay #15, con-
ductor 426, inner right front contact of relay
604, upper normal contact of key 617, outer left
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front contact of relay 603, to ground at the inner
left back contact of relay 602,

Relay 508 advances the test switch 1000 to po-
sition 19 where the relays locked during the coin
collect test are released. The release of the dis-
trict junctor advances the test switch 1000 to
position 20. The advance of test class switch
800 is the same as previously described.

When the overtime function is to be tested
and key 418 is operated, the operation of relay
1113, grounding conductor 1125, closes a circuit
from grounded conductor (125, middle left back
contact of relay !1i1, outer left front contact of
relay 1108, third right back contact of relay 1105,
conductor 1128, inner left back contact of relay
5056, conductor §29, inner right back contact of
relay 326, outer left front contact of relay 325,
conductor 338, left operated contact of key 416,
conductor 425, winding of timer magnet 606 to
battery. The operation of magnet 606 connects
cams 612 and 613 to the shaft drive by motor
614, When cam 612 moves off normal it closes
a circuit from ground on conductor 425, contact
of cam 612, right back contact of relay 609 to
the winding of relay 610 and battery. Relay
610 operates and locks through the winding of
relay 609 and the inner right front contact of
relay 610 to grounded conductor (06{, but relay
609 does not operate as long as the contact of
cam 612 remains closed. Relay 610 also connects
ground from conductor 1061 over its outer right
front contact, conductor 1129 to the winding of
relay 1107 and battery. Relay 11017, as in previous
cases, simulates the response of the called sub-
seriber thereby starting the timing period in the
district junctor. This continues for 4% minutes.

in the district junctor, the operation of relay
119 starts the timing operation as previously de-
scribed.

At the end of 265 seconds the contact of cam
103 closes, providing a holding circuit for mag-
net 704 over cam 703, fourth left front contact
of relay 126, to ground at the inner left front
contact of relay 7171 thus continuing the opera-
tion of the timer even though relay 721 may be
released in the meantime. About 5 seconds later
cam 1702 closes its contact, completing a circuit
from battery through resistance 705, contact of
cam 102, right winding of relay 709 to ground.

Relay 109 summons the coin circuit which, in
general, acts as before. However, since relays
730 and 711 are still operated, the operation of
relay 109 closes a circuit from battery through
the winding of relay 708, middle left front con-
tact of relay 108, fourth left contact of relay 126,
inner left front contact of relay Ti1 to ground.
Relay 106 locks over its inner left contact and
either over cam contact 103 and the fourth left
contact of relay 726 or over the inner left con-
tact of relay 721 and the second right back con-
tact of relay 7127 to ground at the outer left con-
tact of relay Ti1. -

When relay 727 operates to disconnect con-
ductors 133 and 734 from relay 130 and connect
them through to the coin supervisory circuit, it
closes a holding circuit for relay 71T over the
middle right back confact of relay 728, outer
right front contact of relay 727 to ground at the
inner left contact of relay Ti1.

If collection occurs before the end of the 41
minute period, the operation of relay 507 operates
relay 602 in a circuit from battery, through the
winding of relay 602, left contact of relay 507,
right contact of relay 410, to ground over conduc-
tor {126, With relay 802 operated, a circuit is
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elosed from battery through' the winding of re-

lay 811, outer left back contach of relay 585, in-
ner right front contacs of relay 502, left back
- contach of velay 809, conductor 34D, right oper-
& ated contact of key 416, outer right front con-

tact of relay 325, right back contact of relay 326;

conductor 337, second vight back contact of re-
lay 1408 to grounded conductor 19128, 'The oper-
ation of relay 511 indicates an overcharge, lighi-
ing lamp 523 and blocking the test.

At the end of 4% minutes cam 512 opens its
contact and if no charge has been received relay
409 operates. If now a charge is received, relay
90T operates as before in turn operating relay
602. With relay 602 operated, the conmection
previously fraced between the ring conductor and
the winding of relay 567 is opened and that eir-
cult is extended over the outer left front contact
of relay 602, winding of relay 60! to ground over
conductor 1127. Tf the coin current is present
relay 881 operates and in opersting closes an
obvious circuit for relay 884 which lights lamp
G88. Relay 602 also closes an obvious circuit for
relay 603, Relays 803 and 604 lock over thejy
%5 Inner left front contacts, contact of key BI5 to
grounded conductor §128. At the end of the
pulse, relays §07, 681 and 682 relesse.

As before, the operation of relay 507 opens the
shunt around condenser 517 for timing the pulse.
If the pulse is satistactory, relay 503 operates, ad-
vancing switch 1000 to position i3. The advance
of switch §000 releases the testing relays, which
advance switch {000 to position 14 from which it
is Immediately advanced to position {5 during
this class of test.

Relays 610 and 609 are locked independent of
relay 1613 and therefore do not release. YWhen
cam §12 recloses its contact at the end of 5 min-
utes, 16 closes a circuit from ground on conduc-
40 tor 428, contact of cam B6I2, right front contact

of relay 609 to the winding of relay 610 and bat-

tery. If no pulse has been received when relay

611 operates, the clreuit for advancing switch

1300 out of position 12 is opened and the operg-
4% tion of relay 810 closes @ elveult from battery

through the winding of relay 518, middle left

front contact of relay 611, conductor 642, outer

right back contact of relay 11, conductor 121,

brash 1602 in position 12 to grounded conductor
§0.1428. A branch of this cireuit extends to lamp

1012 to indicate that the trouble was with the

first charge.

When the coin supervisory circuit has com-
pleted coin collection, it releases relay 727 and
55 connects ground to conductor T${ for & short
interval, closing a eircuit over the outer richt
back contact of relay 12(, through the left wind-
ing of relay 723 and battery. Relay 723 oper-
ates in this circuit and locks over its inner right
60 front contact and conductor 746 under the con-
trol of relay 719. The coin circuit then releases,
In turn releasing relays 727 and 709. Relay 709
releases relay 707, but relay 706 remains locked
over the contact of cam 703.

‘When the timer completes the timing cycle of 5
minutes the contacts of cam 70{ reclose com-
pleting a circuit from ground through the right
winding of relay 709, outer right front contact
of relay 108, contact of cam 101, outer left front
70 contact of relay 108 to battery through resist-

ance 7105. Relay 7109 operates and connects

ground to conductor 150 as above, causing the
coin supervisory circuit to be connected to the
district junctor circuit. When the coin circuit
75 Is connected with the district junctor relay 707
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35

65

agaln operabes. With z”elm:r/"m% operated, the

operating clreuit of relay 796 is reclosed. causing
the timer to continue to functiomn.

‘When the eoin supervisory circuit has been re-
- connected, ground is conpecied i conductor B4,

over the outer left back contact of reiay T2%, mid-
dle right fromt contect of relay 706 to ground
at the Inner right back contact of relay 721 as
an Indication to the coin supervisory ciréuit thai
overtime coin monitoring is required. 'The coin
supervisory - cireult ithen operates relay T2
momentarily which connects the incoming tip
and ring conductors through to the coin super-
visory circuit in order to test the line for the
presence of the overtime coin deposit.

With switch 1800 in position {5, relay 1143 is
reoperated, operating relay 55 which connects
relay 507 to the tip and ring conductors to simu-
late the deposit of a coin to satisfy the coln cir-
cuit which again releases. The coin circuit in re-
leasing removes ground from conductor 81 2, in
turn releasing relay 109 provided timer cam 7102
is not closed. Relay 168 releases relays T0%, 706
and magnet 104 and the timer then restores to
normal. With relays 723 and T19 operated, a
circuit is provided to again operate relay 121 un-
der the control of interrupter 715 and relays 113
and 14 and when relay 121 operates timing of the
cell is resumed.

In the test circuit the veclosure of eam contact
612 at the end of 5 minutes operates relay 611 over
the right fromt contact of relay 588. Approxi-
mately 30 seconds Iater cam 6§13 closes its con-
tact, closing a circuit from ground over the eon-
tact of cam 613, ouber left front contact of relay
611, lower normal contact of key 617, conductor
1132, outer left back contact of relay (108, con-
ductor 1056 to brush- 1004 in position §5 and
thence to the winding of magnet 1865, thereby
stepping switch (080 to position 1§ which is passed
by. In position {7 relay 102! operates and locks,
advancing switch 1080 to position 18.

The operation of relay 102{ releases the district
Junctor and the advance of switch 1080 to Posi-
tion 18 prepares the test circuit to receive the
coin collect current.

The district junctor functions in releasing as

described hereinbefore.
Free call

The test of the coin district junctor for a free
call is similar to that of the message rate district
junctor. Relay 113 tells the marker that no
charge is to be made and relay 515 connects relay
507 for receiving coin current. Relay 328 being

operated, ground from brush 905 in position § ex-

tends over conductor 838, outer right front con-
tact of relay 328 to the winding of relay 329 and
battery. Relay 329 grounds conductor 335 to
operate relay 505 which rearranges the connection
of polarized relay 587 to the tip and ring conduc-
tors to render it responsive to coin refund current.
Relay 329 also opens the outgoing tip conductor to
prevent the operation of relay 719. ’

With relay 719 non-operated, relays 723 and
121 cannot operate. Ground is connected to con-
ductor 152 over the inner right back contacts of
relays 106 and 121 to cause the coin circuit to
apply coin refund current which operates relay
507 which advances the test circuit as previously
described.

Operator test call

For this class of call, relay Iil is operated to
inform the marker of the type of call and relay
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{101 is operated from switch 900. The operation
of the test circuit is the same as for the non-coin
district.

In the district junctor for an operator class call,
the marker connects ground to conductor 139,
operating relay 720 which locks temporarily over
its outer left front contact and conductor 153 to
ground supplied by the sender and later locks
over its middle left front contact, fourth left front
contact of relay 726 to ground at the inner left
front contact of relay T11. :

When the test circuit operates relay 1209, relay
718 is operated and closes a circuit from ground
at its front contact, outer right front contact of
relay 120 to battery through the winding of relay
728. Relay 126 is not released since the test cir-
cuit connects ground to conductor T41 completing
a circuit over the left back contact of relay 129,
third left back contact of relay 127 to the second
and first right front contacts and winding of relay
126 to battery, holding that relay operated.

Relay 128 in operating disconnects relay 130
from the calling line, releasing that relay and re-
lay T11. With relay 128 operated, the incoming
tip conductor 7133 is extended over the inner left
back contact of relay 121, middle right front con-
tact of relay 126, inner right front contact of re-
lay 128, outer left back contact of relay 121, outer
right back contact of relay 707, to the outgoing tip
conductor 744 and the incoming ring conductor
134 is extended over the inner right back contact
of relay 121, fourth right front contact of relay
126, outer left front contact of relay 128, to the
outgoing ring conductor 745, When disconnec-~
tion occurs, the test circuit disconnects ground
from conductor 741 thus releasing relay 126 as
well as the outgoing and incoming switches.
When relay 726 releases it releases relay 128 and
the circuit is restored to normal.

Abandoned call test

This test as applied to the coin district junctor
differs from that already described chiefly in that
the advance of switch 1000 from position 18 de-
pends on the receipt of coin refund current from
the district junctor. Relay (024, which is oper-
ated from switch 900 to control this test, grounds
conductor 335 at its second left front contact to
operate relay 505 and prepare the charge testing
circuit for coin refund current. .

In the district junctor the sender connects bat-
tery to conductor 753 for an interval sufficient to
insure the operation and locking of relay 709 after
the originating marker releases. When the bat-
tery is connected to conductor 153, relay 709 will
operate and relay 720 will release if it has been
previously operated by the originating marker.
Relay 109 operated, connects ground to conductor
150 to summon the coin supervisory circuit and
also connects ground to conductor 743. When
the coin supervisory circuit is connected to the
distriet junctor circuit, ground on conductor 812
operates relay 107. Relay T07 locks under the
control of relay 709 and disconnects ground from
conductor 150. Relay Ti7 is released when the
sender releases the sender link. With relay 117
released relay 128 is operated if relay 107 is still
held operated by the ccin supervisory circuit.
Since relay 721 has not been operated, ground is
connected to conductor 152 to indicate that the
coin should be returned. After the coin circuit
has completed its functions it connects ground to
conductor 151, operating relay 123 for the purpose
of releasing the connection with the calling line
after which it releases relays 123 and 709. When
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relay 709 releases it releases relay 707 which in
turn releases relay 728 and the circuit is restored
to normal.

Condenser lest

This test takes place as described for the non-
coin district. No attempt is made to check for
coin return, the test switch advancing from posi-
tion 18 due to the connection of ground to con-
ductor 1058 by relay 1105.

Automatic release test

This test is also similar to that performed on
the non-coin district junctor. The test proceeds
as for the local charge test permitting relay 719
to operate followed by relay 121. Relay 1033
opens the circuit of relay 1719, but relay 130 is
held operated. When relay 119 releases it closes
a circuit from ground over its back contact, inner
right front contact of relay 121, conductor 155 to
interrupter 112. When interrupter 112 closes its
contact it extends ground on conductor 755 to the
winding of relay 710 which operates and locks di-
rectly to conductor 155. Approximately 2 minutes
1ater interrupter T11 closes its contact completing
a circult from ground over the contact of inter-
rupter 111, the left front contact of relay T10,
1eft back contact of relay 123, over the second left
front contact of relay 121 to the winding of re-
lay 128 and battery. Relay 128 disconnects relay
130 from the calling line, causing relays 730 and
717 to release. The release of relay 111 operates
relay 108 to bring about disconnection in the
manner previously described.

False automatic release

This test is the same as that for the non-coin
district junctor. With key 1034 operated, a cir-
cuit is also closed from battery through the wind-
ing of relay #13, conductor 422, normal contact of
key 618, conductor 631, inner right front con-
tact of relay 1033, inner right operated contact
of key 1034, second right front contact of relay
1108, to ground at the middle right front contact
of relay 1113 which is operated in position 15.
Relay 413 serves to block the time measure for
the coin pulse during this test. Relay 1033 and
key 1034 substitute non-polar relay 600 for polar-
ized relay 607 in the coin battery check circuit to
provide an advance eircuit if either collect or
refund current is recelved.

The advance of switch 800 to normal and the
advance to the next junctor are the same as pre-
viously described.

Advance to next junctor group

After all the district junctors connected to
cross-bar switch 1700 have been tested, switches
(600 and 1610 are both resting in position (8.
As above, the operation of relay 1415 advances
switch 1600 to position 20, releasing the tenth
hold magnet, that is magnet (139, and relay 1408.
With switch 1600 in position 20, switch 1610 is
also advanced to position 20, releasing the select
magnet 1729 and relay (6066. The release of relay
1608 as before advances switch 1600 to position
21. With switch 1610 in position 20 a circuit is
closed from battery through the winding and
over the back contact of magnet {507 of the group
switch 1500, brush 1501 in position {, brush 1613
in position 20 to ground. The advance of switch
{500 from position | opens the circuit of multi-
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relay 1545 normal and switch 1600 in position 21,
s circuit is closed from ground over brush 1604
in position 2f, right back contact of relay 1545,
brush 1612 in position 20, back contact and wind-
ing of magnet 1616 to battery. Switch 15{0 is
advanced to position 21 in this circuit. When
switch 1610 reaches position 21 a circuit is closed
from ground over brush 1613 in position 21, brush
1501 in position 2, back contact and winding of
magnet 1507 to battery, Switch 1500 is advanced
to position 3 in this circuit, in which position an-
other multicontact relay similar to relays 1750
and 1768 is operated, to connect the test circuit
with another cross-bar switch and one hundred
additional selectors. The operation of this multi-
contact relay again operates relay 1545 and ad-
vances switch 1610 to normal by closing a circuit
irom battery through the winding and back con-
tact and magnet (616, brush 1612 in position 21,
right front contact of relay 1545 to ground over
brush 1604 in position 21, Switch 1610 is then
advanced to position | under the control of relay
1408 as described at the beginning of the tests.
With switch 1610 in position 1, the first select
magnet of the second cross-bar switch is oper-
ated to prepare the first level of cross-points and
the operation of this select magnet operates relay
1686, Relay {606 closes & circuit from ground at
its right front contact, brush 1602 in position 21,
back contact and winding of magnet 1605 and
battery, advancing switch 16066 to normal, from
which position it is advanced to position { under
the control of the start relay 1409. With switch
1600 in position {, the first hold magnet of the
second cross-bar switch iIs operated, closing the
corresponding cross-point in the prepared level
and connecting a district junctor through to the
test circuit. 'The operation of the hold magnet
alzo operates relay 1408 to start the busy test on
the new district junctor.

When all of the district junctor circuits in the
ofilce have been tested, switches {600 and 610
both advance from terminal 19 to 20 as pre-
viously described, which in turn causes switch

509 to advance one terminal. The release of
relay 1606 advances switch 1600 to position 21
while the release of relay 1545 advances switch
{618 to position 2i. The terminals of brush 1502
following the last working terminal through
terminal 42 are strapped together and connected

" to ground. Therefore, switch 1500 is immediately
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advanced to position 43. In this position the
end-of-cycle lamp 1558 is lighted over brush (506
as an indication that all district junctor cir-
cuits have been tested. In order to restore the
test circuit to normal, start key 1422 is released
and the return-to-normal key (546. is operated.
Release of the start key 1422 releases relays {408
and 1421. With relay 1409 released and key 1546
operated, a circuit is closed from battery through
the winding of relay 1548, key 1586, left back
contact of relay 1545 to ground at the outer right
back contact of relay 1409. Relay 1548 closes a
circuit from ground over brush 1614 in position
21, middle right front contact of relay 1548,
brushes {603 and 1602 in position 21, back con-
tact and winding of magnet 1605 to battery,
thereby advancing switch 1600 to normal. With
switch 1600 normal, a circuit is closed from
ground over brush 1604 in its normal position,
outer right front contact of relay 1548, brush 1612
in position 21, back contact and winding of mag-
net 1616 to battery, advancing switch 1610 to
normal. With switch 1610 normal a circuit is
closed from ground over brush 1613, brush 1502

23

in position 43, back contact and winding of mag-
net 1507 to battery, advancing switch 1§00 to
normal. When switch 1500 reaches its normal
position it closes & circuit from ground over brush
1506, inner right front contact of relay 1548 to
lamp {547 and batiery, indicating that the test
circuit and the connector switches have been re-
stored to normal. Key 1546 is now opened, per-
mitting relay 1548 also to release,

Transmission testing jacks

Jacks 1200 and 1201 are used in testing the
district junctors with a transmission measuring
test set. The local call key 912 is operated in
making this test and the test set is connected
with the transmission measuring set by plugs in
jacks 1200 and §20f. The test proceeds as for a
similar call until the test line has been selected.
When relay {115 operates in position 4 of test
switch 10080, relay 1212 is operated in & circuit
rom battery through the winding of relay 12i2,
closed auxiliary contact of jack 1200, conductor
1228, left back contacts of relays 1113 and 1107,
conductor 1122, inner right back contact of relay
140, conductor 1441, inner left front contact of
relay {118, inner left back contact of relay 1022
to grounded conductor 1426. With relay 1212 op-
erated, the tip and ring conductors of the test
line are connected to the tip and ring contacts
of jack 1201 while the incoming tip and ring con-
ductors of the district junctor are connected to
the tip and ring conductors of jack {2060. Afier
the completion of the transmission test, the op-~
eration of key 1403 will cause the test circult to
select the next circuit to be tested.

The test for the continued removal of battery
from the busy test conductor 1827 or 732 is made
at different times during the test of the junctor.
After relay 1418 operates to start the testing and
the district junctor functions, the busy test lead

- is extended over the inner right front contact of

relay (416, to conductor 222 which may be
grounded over the front contacts of relay {102
with switch {600 in position 7, over the front con-
tact of relay {{80 in position 13 of the test se-
lector {000, or over the front contact of relay 216
during dialing. Therefore, this conductor is
tested throughout the dialing and at least once
during each supervisory test.

Test of message register control conductors

As previously described, the message register
control conductors from the district junctor are
grounded on all classes of districts until the
charge relay {812 of the district junctor oper-
ates, except during the time that the decoder is
making a test of these conductors for the pres-
ence of a message register. Relays 508 and 509
are used to check for the presence of this ground
at all times as indicated previously. When 3 con-
nection Is first established with the district to
be tested relays 508 and 509 are operated, relay
508 in a circuit from battery through the wind-
ing of relay 508, conductor 536, inner left back
contact of relay 1032, conductor 411, upper wind-
ing of relay 410, resistance 412, left back contact
of relay 401, conductor 1438, outer left front con.
tact of relay 1416, conductor 1185, contact of re-
lay 1750, contact of cross-point 1740, conductor
1833, inner left back contact of relay 1823, outer
left back contact of relay (805 to ground at the
outer left back contact of relay 1812. The circuit
of relay 509 extends over conductor 531, inner
right back contact of relay 1032, conductor 418,
right back contact of relay 401, conductor 1340,
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middle left front contact of relay 1416, conductor
11886, contact of relay 1750, contact of cross-point
1740, conductor 1834 o ground at the outer left
back contact of relay §823. Relay 508 locks to
conductor 417 and relay 509 to conductor 418 and
to their respective operating circuits independent
of relay 1032. When relay 1032 operates, the op-
erating circuits for these relays are opened and
they remain locked to ground supplied by the dis-
trict junctor. The disappearance of this ground
except during decoder test or charge test would
cause the corresponding relay to release and
ground conductor 1224, operating relay 1410 and
blocking the progress of the test. Relay 508 oh-
tains ground for operating relay 1410 over con-
ductor 333, inner right front contact of relay
1032, outer left back contact of relay 1021 to

_ground at the outer right frong contact of relay

1023, while relay 609 obtains ground over con-
ductor 528, front contact of any one of the class
relays 318, 319, 320, 321 or 322 corresponding to
districts serving two-party lines and conduc-
tor 333. .

When the test switch 1000 advances to position
2 to start the dialing circuit, relay 1032 is op-
erated, connecting ground over the middle right
back contacts of relay 1115, over the second left
and third right front contacts of relay 1032 to
conductors 811 and 418, respectively, to hold
relays 508 and 509 operated during the test by
the marker. When switch 1800 reaches position
4, relay 1115 is operated as an indication that
the call has progressed beyond trunk test. The
local grounds are then removed from the wind-
ings of relays 508 and 509 which are again de-
pendent upon the ground furnished by the dis-
trict junctor,

Zone calls

Zone calls are handled the same as local calls
except that, with the zone relay 100 operated, the
circuit of overcharge relay 511 is opened so that
muitiple registration will not cause this relay to
operate and block the test.

Subscriber disconnect

With key 616 operated, in connection with a
locsl charge test on a non-coin district junctor,
and with key 416 also operated, a test is made
to determine that no overtime charge will be
registered if the called subscriber has discon-
nected before the 5-minute initial period has
elapsed. When the test switch 1000 is advanced
to position 13 after completion of the initial
charging test, a circuit is closed from battery
through the winding of relay 402, conductor 423,
outer upper alternate contact of key 616, con-
ductor 633, left back contact of relay 508, right
back contact of relay 414, outer right back con-
tacts of relays 405 and 404, left back contact
of relay 503, outer right back contact of relay 413,
conductor 424, left back contacts of relays 604
and 603, conductor 634, inner right back con-
tact of relay I11{, conductor 121, brush 1002 in
position 13, to grounded conductor 1426. Re-
lay #02 locks over its inner right front contact,
conductor 531, to ground over the seventh left
back contact of relay 1022 and grounded con-
ductor 1426. Relay 402 closes a circuit from
ground at its outer right front contact, conduc-
tor 1131, middle right back contact of relay 1105,
conductor 1054, to brush 1004 in position 13 ad-
vancing switch 1000 to position f4.

With relay 402 operated, the circuit from the
front contact of relay 400 is transferred from
the winding of relay 508 to the winding of relay

“ ductor 531
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408. At the expiration of the 5-minute interval
measured by timer 500, relay 408 operates, in
turn operating relay 408. Relay 4068 locks over
its inner left front contact to ground over con-
as above traced. It also connects
ground to the upper winding of relay 410 so that
a message register pulse, if received, will operate
relay 8{0. The operation of relay 408 discon-
nects ground from the tip conductor of the test
line, releasing relay (8if in the district junctor
circuit. ‘The opening of this tip conductor simu-
lates the disconnection of the called subscriber
and, if the district performs satisfactorily, no
charge should be received. When timer 800 opens
its contact, releasing relay 400, a circuit is closed
from battery through the winding of relay 8§03,
outer left front contact of relay 408, right back
contact of relay 400, right back contact of relay 022
to ground at the outer left front contact of relay
1032. The operation of relay 563 advances test
switch 1000 from position 5. If, however, the
district junctor fails in this feature, and a second
message register pulse is received, relay 410 oper-
ates, In turn operating relay 403. Relay 5if is

operated over the inner left front contact of relay ¢

402, outer left front contact of relay 405, left
front contact of relay 803 to ground at the outer
right back contact of relay 515.

With key 616 operated, the coin district junc-
tors are tested for their ability to release without
making an overtime charge if the calling sub-
scriber disconnects at the end of the 5 minute
talking interval. When testing coin district
junctors with key 616 operated, the collection of
the coin at the end of the 4% minute interval pro-
ceeds as previously described, and test switch
{000 is advanced to position {38. In position I3,
the release of the charge testing relays operates
relay 402 as in the case of the non-coin district
junctor, advancing switch 1080 to position 14.
Switch (08060 advances to position {5 in the usual
manner.

At the end of 5 minutes, relay 641 is operated
as previously described. With key 616 operated,
relay 611 closes a circuit from ground at its outer
right front contact, outer lower contact of key
616, conductor 644, to the winding of relay i021
and battery. Relay 1021 simulates release by the
calling subscriber. At its inner right front con-
tact, relay 6i1 connects ground over the inner
upper closed contact of key 616, conductor 335,
to the winding of relay 505 and battery, prepar-
ing the test circuit for receiving coin return cur-
rent. At its outer left front contact relay 6l
connects ground from the inner lower operated
contact of key 616 over the lower normal contact
of key 616 to conductor 1132 to advance the test
switch from position 15. ‘Thereafter the test pro-
ceeds as for a free call,

Test for holding circuit for district timer

oOn each registration received from the mes-
sage register districts, a test is made to determine
whether the holding circuit of the district timer
is functioning properly. When the message reg-
ister pulse is received, operating relay 410, relay
403 is operated as before described. The opera-
tion of relay 403 opens the tip conductor of the
terminating test line, causing relay 1811 in the
district junctor circuit to release. The operation
of relay 404 also opens this same conductor and
holds it open until the test switch 1000 advances
from position 12 or 5. If the holding circuit of
the timer is not effective, the message register
pulse will be shortened below the length required
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by the pulse timing arrangement previously de-
scribed and relay 415 will operate, blocking the
test and lighting lamp 519. In the district junc-
tor it will be observed that the control magnet
{817 of the timer locks over its front contact to
the normally closed contact of cam 1820, over the
locking circuit of relay 1822 independent of mo-
mentary switchhook flashing by the called party.
The alternate contact of cam 1821 which times
the message register pulse is closed only for a
brief interval as the timer advances from its nor-
mal position. As the timer approaches the end
of each interval, the contact of cam 1820 opens
and the timer will advance to the succeeding tim-
ing cycle only if relays 1813, {812 and 1822 are
operated. ‘This insures that charging for any
interval will not occur unless both the calling
and the called subscribers are still connected to

" the talking circuit at the start of each interval,
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Keys 6i8, 619, 620, 621, 622 and 623 are used
in connection with manual tests of the coin con-
trol circuits to impose test conditions on the re-
lays of the coin control circuit, the tests them-
selves taking place as described in connection
with the test of the district junctor.

Return to normal

If it is desired to return the test circuit to
normal before completing an entire cycle of tests,
start key 1422 is released and return-to-normal
key (546 is operated. Under these conditions,
relay (489 remains locked under the control of
relay (023 until the completion of a particular
test which may have been in progress. When
relay 1409 releases, the multicontact relay such
as relay 1780 releases, in turn releasing relay
1545, thereby completing the circuit previously
traced for relay (548. Relay 1548 operated, con-
nects ground over its middle right contact and
the odd-numbered terminals of brush (602
through terminal 19 and relay 1409 released con-
nects ground to the even-numbered terminals of
brush 1602 through terminal I8 thereby advanc-
ing switch 1600 to position 20. The release of
the multicontact relay opens the circuit of relay
1666 which, with relay (415 released, advanced
switch 600 to position 21 from which it is ad-
vanced by relay 1408 released. Relay 1548 con-
nects ground to the odd-numbered terminals of
brush {6§2 through terminal 19 and relay 1409
released connects ground to the even-numbered
terminals of brush (612 through terminal I8
thereby advancing switch 1610 to position 20.
Switch 1610 is advanced from position 20 to posi-
tion 21 in a circuit from ground over the third
right back confact of relay 1409, right back con-
tact of relay 1545, brush 1612 in position 20, back
contact and winding of magnet 1616 to battery.
Bimilarly, relay 1548 at its outer left front con-
tact connects ground to the odd-numbered ter-
minals of brush (501 and the odd-numbered
working terminals of brush 1502 while relay 1408

‘at its inner right back contact connects ground

to the even-numbered terminals of brush 1501
and the even-numbered working terminals of
brush 1582, thereby advancing switch 1500 to
position 43. As at the end of the complete test,
ground over the normal terminal of brush (5064
and the outer right front contact of relay (548
advances switch 1610 to normal. When switch
{810 reaches normal, ground over the normal
contact of brush 1643 advances switch 1500 to
normal. Thereupon lamp (54T lights as an indi-
cation that all of the switches have been restored
to normal,

25

With relay 1409 released, relay 931 is released,

connecting ground over its outer contacts to the
terminals of brush 902 thereby restoring the test
class switch to normal.
the locking circuits of relays 1549 and 1550 there-
by restoring the busy and trouble timing switch
to one of its normal positions.

Particular circuit selection

When it is desired to test a particular circuit or
to start an automatic test at some point other
than the fixed automatic starting point, the fol-
lowing circuit operation takes place. In order to
reach any district junctor eircuit it must be
known in which cross-bar switch it lies. There
is a position on the group switch 1500 corre-
sponding to each cross-bar switch. The setting
of switch 1500, therefore, determines which eross-
bar switch is to be chosen for the start of 8 par-
ticular circuit test. By the operation of key 1544,
ground at the outer right back contact of relay
1409 is connected over the contact of key 1544
to the winding of magnet 1507 and battery. On
the release of this key the switch is advanced
one terminal. Key 1544 is therefore manually
operated and released until the desired terminal
is reached. If it becomes necessary to step over
8 number of terminals, key 1543 may be used
thereby including interrupter 1540 in the circuit,
By holding key (543 operated, switch 1500 will
step under the control of interrupter 1540. Upon
the release of key 1543 switch 1500 will stop.
During the above procedure, group lamps 1520 to
1539 are lighted successively to indicate the posi-
tion of switch 1500.

In order now to reach a particular district
junctor, key 1555 or 1556 may be used to control
magnet- 1616 either step by step or under the
control of interrupter 1540 to advance switch
1610 to the desired level. The arrival of switch
1610 in the proper position is indicated by the
lighting of the lamps 1640 to 1649, Keys 1542
and 1541 function in a similar manner for switch
1600 during the selection of the desired district
Junctor, the progress of the switch being indi-
cated by lamps 1620 to 1629. When the desired
district junctor has been reached the start key
1422 is operated and the test circuit will start to
function in the same manner as heretofore de-
scribed, the only difference being that the ad-
vance of the swifches does not take place on a
particular circuit test.

Automatic pass dusy

If it is desired to pass by the district junctor
circuits which are busy rather than to wait for
them to become idle, key 1429 is operated. ‘When
relay 1420 operates to connect the windings of
relay 1417 to the busy test conductor, it also opens
the circuit of relay I421 which releases slowly if
the district junctor is busy. When relay 142i
closes its back contact, a circuit is closed from
ground at the right back contact of relay {416,
outer left front contact of relay (420, middle left
back contact of relay 1410, outer right back con-
tact of relay 1421 to busy lamp 1425 and over the
inner right back contact of relay 1421, inner left
front contact of relay 1420, left back contact of
relay {41, key 1429, inner lower normal contact
of key {400 to the winding of pass-busy meter
{404 and battery. Meter {404 operates, closing
ground at its front contact to the left winding of
relay 1442 over normal contacts of keys 1400 and
1403, thereby operating relay 1412, Relay (412
locks in a circuit from battery through its left

Relay 1409 also opens
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winding and outer left front contact under the
control of relay 1408. It also extends this lock-
ing ground to the winding of relay 1415 which
also operates. The operation of relay 1415 opens
the circuit of relay 1420, in turn releasing meter
1404. With relay 1816 released and relay 1415
operated, a circuit is closed from ground at the
right back contact of relay 1416, outer left back
contact of relay 1420, right contact of start key
1422, right front contact of relay 1415, conductor
1633, brush 1602 in working position, back con-
tact and winding of magnet 1605 to battery.
Magnet 1605 operates in this circuit to advance
switch 1600 one step. The advance of switch
1600 opens the circuit of relay 1408 thereby re-
leasing relays 1412 and 1415 and closing a circuit
from ground at the outer right front contact of
relay (409, left back contact of relay 1415, back
contact of relay 1808, conductor 1634, intermedi-
ate contacts of brush .1602, back contact and
winding of magnet 1605 to battery thereby ad-
vancing switch 1600 to the next working position
where the next hold magnet is operated and the
district junctor is tested.

Test circuit conirol advance key

In the event the test circuit stops in any posi-
tion where actual testing is going on due to a
failure of the district junctor circuit under test
to properly function, key 1402 is provided to per-
mit continuing the routine test either by advanc-
ing to the next district junctor or by starting a
new test on the same district junctor if repeated
tests are being made. With the repeat key 1400
normal, the operation of key 1402 closes 2 circuit
from ground over its lower contact, inner upper
normal contact of key 1400, upper normal con-
tact of key 1403 to the left winding of relay 1412
and battery. Relay (412 in operating causes the
test circuit to advance to the next district junctor
for test as heretofore described. The operation of
key 1402 also opens the locking circuit of relay
931, causing the test class switch 900 to advance
to normal. The release of key 1402 permits relay
1420 to operate to start the busy test on the next
junctor,

When it is desired to make a repeated test of a
particular district junctor circuit, key 1400 is
operated either in the beginning or before the
test selector 1000 reaches position 21. With key
1400 operated, when relay 934 is operated at the
completion of a cycle of tests, a circuit is closed
from battery through the register 1406, upper-
most contact of key 1400, middle left front con-
tact of relay 934, right back contact of relay 933,
left contact of relay 935 to ground. Register
1406 closes an obvious circuit for relay 1413.
With key 1400 operated, the control advance key
1402 operates relay 1413 in a circuit from ground
at its lower contact, inner upper alternate con-
tact of key 1400 to the winding of relay (413 and
battery. With relay 1443 operated, the locking
circuit of relay 1419 is opened, and relay (419 re-
leases, in turn releasing relay 1416 and relay 1023
The release of relay 1023 restores that part of the
circuit to normal. Relay (413 also opens the
holding circuit for relay (410 if that relay oper-
ated to block the advance of the test. When key
1400 is operated, the locking circuit for relay 931
is closed from battery through resistance 932,
winding and inner left front contact of relay 931,
conductor 1442, outer left front contact of relay
1409, lowermost left contact of key 1480, conduc-
tor 1434 which receives ground over the operated

2,227,380

district class relay of Fig. 3 to insure that the re-
peated test is of the same class. .

Vacant cross-points

Where a cross-point is not connécted to a dis-
trict junctor, for example cross-point 1799, the
operation of relay 1420 and the connection of the
test circuit to the cross-point over relay 1150, for
example, closes a circuit from battery through
retardation coil 1424, third right contact of re-
lay 1420, conductor 1784, contact 1703 of relay
{150, contact of cross-point 1799, which is cross-
connected over armature 1706 of relay 1150 to
conductor 1188, winding of relay {4i1 to ground.
Relay 1411 closes a circuit from ground at the
right back contact of relay 1416, outer left front
contact of relay {420, middle left back contact of
relay 1410, inner right back contact of relay 1421
which is not held operated due to absence of bat-
tery on conductor 1714, inner left front contact
of relay 1420, front contact of relay 1411 to the
right winding of relay 1412 and battery. Relay
1412 locks and operates relay (415 as previously
described. Relay 1415 causes relay (420 {o re-
lease which, in turn, causes switch 1600 to ad-
vance one terminal, opening the circuit of relay
1408 and permitting relay 1412 to release. The
test circuit proceeds from this point to advance
to the next cross-point as heretofore described.

When a group of twenty districts is not
equipped, the corresponding armature of group
relay #1150, which is connected to ground over
pairs of terminals on brush 1614, is cross-con-
nected to terminal 1789 which is connected di-
rectly to the armature of stepping magnet 16186.
Switch (616 will therefore step over the two po-
sitions in which these district junctors would
have been tested. In addition, ground is discon-
nected from the contact springs of the select
magnets belonging to the vacant levels.

Time alarm

Switch 1510 it used for busy or trouble timing.
When relay 1409 operates, it connects ground
over its third right front contact, left back con-
tacts of relays 1415 and (413, inner lower normal
contact of key 1403, conductor (444, normal con-
tact of the message register timer 50f, normal
contact of coin timer 606, conductor 636, right
back contact of relay 1419, brush (513 in its busy
normal position, winding of relay 1550 to battery.
Relay 1550 locks to this energizing circuit inde-
pendent of brush {513. Switch {510 serves both for
busy and trouble timing. If on the preceding call,
switch 1510 was serving trouble timing and there-
fore relay 1549 was operated, upon the release of
relay 1419 in connection with that particular call,
relay (549 is released, closing a circuit from
ground over its left back contact, strapped ter-
minals {1 to 21, brush {511, back contact and
winding of magnet §515 to battery, advancing
switch 1510 to the busy normal position where
the circuit for relay 1550 is immediately closed.
Relay 15850 closes a circuit from ground through
interrupter 1551, outer right front contact of re-
lay #550, normal and first eight strapped termi-
nals of brush 1512, to the winding of magnet 1515
and battery. Switch 1510 therefore advances to
position 9 under the control of interrupter 1551
which is arranged to close its contact for 1 sec-
ond and then hold it open for 29 seconds. If the
district junctor circuit remains busy long enough,
switch 1510 advances to position 9 where it closes
a circuit for lamp 1552 which extends from bat-
tery through lamp 1552, brush 1513 in position 9,
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to ground over the locking circuit of relay 1550.
In parallel with lamp 1552 a circuit is extended
over the inner right front contact of relay 1550 to
conductor 1557 to operate an alarm. This alarm
signal may be silenced by operating key (403
which opens the locking circuit of relay 1550,
The alarm may also be silenced by operating the
automatic pass-busy key 1428, which causes the
advance of the test switch to the next district
Junctor and during this period operates relay (415
to open the locking circuit of relay 1550. Fur-
thermore, the alarm may be silenced by the oper-
ation of key (402 to restart the test and which
also causes the operation of relay (415 and the
release of relay 1550. With relay 1550 released,
ground is connected over the left back contact of
relay 1590, terminals f to 15 of brush (5(1, back
contact and winding of magnet 15i5 to battery,
in which circuit switch 1510 is advanced to posi-
tion 16. If the district junctor circuit becomes
idle before switch {510 reaches position 8, the
operation of relay 1419 to start the the test re-
leases relay 1850 which in this case also advances
switch 4510 to position 16. With relay 1419 op-
erated and switch 518 in position 16, a circuit
extends as previously traced to conductor 636 and
over the outer right front contact of relay 14189,
brush 514 in position 6, winding of relay (549
and battery. Relay 1549 also locks to its operat-
ing circuit independent of brush 1514, connects
interrupter 1851 over its inner right front contact,
terminals i6, 1T and 18 of brush i512 to the wind-
ing of magnet 1515 and battery, so that switch
(510 js advanced under the control of interrupter
1581 to position 19. If the switch reaches this
position before the termination of the test, the
locking ground for relay (549 is extended over
brush 1514, outer right front contact of relay
1548, to the normal contact and winding of relay
{410 and battery.

Relay 1410 serves to block the progress of the
call. Relay [410 closes a circuit from ground at
its outer right front contact to lamp 1552 and
closes a circuit from ground at the third right

front contact of relay 1409, lowermost normal

contact of key 1403, inner right front contact of
relay (410 to conductor 1557 to operate the alarm.
Relay 1410 when operated, closes a locking cir-
cuit; for itself over its inner left front contact and
over the inner left front contact of relay 14(9, or
if operated during the busy test over the second
left front contact of relay 1420, left back eontacts
of relays 1413 and 1415, to ground at the third
right front contact of relay 1409. At its outer
right back contact relay 1410 opens the circuit of
magnet (005 thereby preventing the advance of
the test selector 1000, even if the trouble may
clear ‘itself without manual assistance. The
alarm may be silenced and relay 1549 released by
operating key 1403. However, relay (440 does not,
release by this action. The release of relay 1549
restores the switch i510 to normal pesition.

In order to advance test selector 1000, key 402
is operated thereby operating relay 1413 or 1412,
according as repeat key 1400 is operated or not.
The operation of either of these relays opens the
locking circuit of relays 1410 and 418 causing
these relays to release, in turn releasing relay
14i8. Relays 1412 or {413 cannot release until
the advance key (402 is restored. With relay (419
released, relay 1023 is released and a circuit is
closed from battery through the winding and
over the back contact of magnet 1005, conductor
{841, brush 1003 in position 1 to 20, outer left

back contact of relay 1023 to ground. Switch -

27

1000 is advanced to position 2i, from which posi-
tion it is advanced to normal by the closure of
a circuit from battery through the winding and
over the back contact of magnet 1005, conductor
1401, outer right back contact of relay i410, con-
ductor 1435, brush (004 in position 21, to ground
at the middle left back contact of relay 1032.
Where the test progresses satisfactorily, switch
1000 will have reached normal before the trouble
timing switch (510 reaches the trouble position.
Under this condition relay 1549 is released after
the release of relay 1419 on every call and re-
turns the switch to normal as above deseribed.

Stopping automatic test circuit

If it is desired at any time to stop the auto-
matic advancement of the test circuit, start key
1422 is released. The release of key (422 opens
the operating circuit for relays (421 and 1409
and opens the circuit for the stepping magnet
1605 by which switch 1600 is advanced from work-
ing positions. Under this condition the test which
was under progress will be completed before the
test circuit releases. Under the completion of
the particular test, relay 1409 releases which, in
turn, causes relays 1408, 1606, {545, 1421, 1419,
1416 and 549 to release. Switches 1500, 1600
and 1610, however, will remain in the positions
where they were when key 1422 was released.
If it is not desired to wait for the completion
of the test in progress at the time, after key
{422 has been released, key 1402 may be oper-
ated which will disconnect the test circuit im-
mediately by operating relays 1812 and (413 and
thereby releasing relays 1419 and 1446, If it is de-
sired to start the test again, key 1422 is reoperated
and the test circuit will start to test on the last
district tested. I it is not desired to test the
last district over again, key 1542 may be oper-
ated and released once to advance to the nexi
district junctor circuit before key 1422 is reop-
erated. If it is not desired to start testing from
this point again, the return-to-normal key 1546
is operated to restore the switches 1500, 1600 and
1610 to normal.

- What is claimed is:

1. In a telephone system, district junctors, coin
conirol circuits associable with said junctors, a
test circuit for said district junctors, means for
connecting said test circuit with one of said dis-
triet junctors, means for causing association of a
coin control circuit with said district junctors,
means in said test circuit for simulating a call
from a coin line, and means for testing the
polarity and duration of the impulse of cur-
rent supplied by the coin control circuit in re-
sponse thereto.

2. In a telephone system, district junctors, coin
control circuits associable with said junctors, a
test circuit for said district junctors, means for
connecting said test circuit with one of said dis-
trict junctors, means for causing association of
a coin control circuit with said district junctors,
means in said test circuit for simulating a call
from a coin line, means for testing the polarity
and duration of the impulse of current supplied
by the coin control circuit in response thereto,
means to vary the operation of said district junc-
tor to cause said coin control circuit to apply
either coin collect current or coin refund cur-
rent, and means under the control of said vary-
ing means to render said polarity testing means
responsive to the proper coin current.

3. In a telephone system, district junctors, coin
control circuits associable with said junctors, a
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test circuit for sald district junctors, means for
connecting said test circult with one of said dis-

‘trict junctors, means for causing assoclation of

a coin control circuit with said district junctors,
means in sald test circuit for simulating a call

from a coin line, means for testing the polarity

and duration of the impulse of current supplied
by the coin control circuit in response thereto, a
test class switch, means in different positions of
said switch to control the operation of said dis-
trict junctor to cause said coin control circuit to
apply either coin collect current or coin refund
current, and means under the control of said test
class switch to render said polarity testing means
responsive to the proper coin current.

4. In a telephone system, a district junctor,
a test circuit for said junctor, means to connect
sald test circuit with sald junctor, means in said

. junctor responsive to said connection to establish
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a busy condition on saild junctor, means in sald
test circuit responsive to said busy condition, and
means controlled by said responsive means for
preventing the advance of sald test circuit if sald
condition is removed prematurely.

5. In a telephone system, a& district junctor,
means in said junctor for charging for calls, a
conductor over which current is applied by said
charging means, means in said distriet junctor
for connecting ground to said conductor when
not in use, a test circult for said district Junctor,
means for connecting said test circuit with said
district junctor, and means in said test circuit
for preventing the advance of sald test circuit if
said ground is improperly removed from said con-
ductor.

6. In a telephone system, a district junctor,
means in said junctor for charging for calls, a
conductor over which current is applied by said
charging means, means in said district junctor
for connecting ground to said conductor when not
in use, a test circuit for said district junctor,
means for connecting said test circuit with said
district junctor, a relay in said test circuit, means
to hold said relay operated over said conductor,
and means under the control of said relay for
preventing the advance of said test circuit if said
ground is improperly removed from said con-
ductor.

7. In a telephone system, a district junctor,
means in said junctor for charging for calls, a
conductor over which current is applied by said
charging means, means to test said conductor be-
fore applying said current, means in said district
junctor for connecting ground to said conductor
when not in use for testing or charging, a test
circuit for said district junctor, means for con-
necting said test circuit with said district junc-
tor, a relay in said test circuit, means to hold

'said relay operated over said conductor, means

under the control of said relay for preventing the
advance of said test circuit if said ground is im-

properly removed from said conductor, and auxil-
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iary means for holding said relay while said con-
ductor is tested in said junctor.

8. In a telephone system, a district junctor
serving two-party lines, means in said junctor
for charging for calls, two conductors over which
current is applied by said charging means in
accordance with the party served, means in said
district junctor for connecting ground to said
conductors when not in use, a test circuit for said
district junctor, means for connecting said- test
circuit with said district junctor, and means in
said test circuit for preventing the advance of
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sald test circuit if said ground is improperly re-
moved from either of sald conductors.

9. In a telephone system, a district junctor
serving two-party lines, means in said junctor
for charging for calls, two conductors over which
current is applied by said charging means in
accordance with the party served, means in said
district junctor for connecting ground to said
conductors when not in use, a test circuit for said
district junctor, means for connecting said test
circuit with said district junctor, two relays in
said test circuit, means to hold said relays oper-
ated over said conductors, and means under the
control of said relays for preventing the advance
of said test circuit if said ground is improperly
removed from either of said conductors.

10. In a telephone system, district junctors
serving one-party lines and district junctors serv-
ing two-party lines, means in said junctors for
charging for calls, said one-party junctors hav-
ing one conductor over which current is applied
by said charging means and said two-party junc-
tors having two conductors to which charging
current is applied in accordance with the party
served, means in said junctors for connecting
ground to said conductors when said conductors
are not in use, a test circuit for said district junc-
tors, means for connecting said test circuit with
said district junctors one at a time, two relays
in said test circuit, means to hold said relays op-
erated over said conductors, means under the
control of said relays for preventing the advance
of said test circuit if said ground is improperly
removed from said conductor, and means to ren-
der one of said relays ineffective when testing
one-party district junctors.

11. In a telephone system, district junctors, a
test circuit for said junctors, means for associat-
ing said test circuit with one of said district junc-
tors comprising a plurality of cross-bar switches,
each switch having a plurality of select magnets
and a plurality of hold magnets, a step-by-step
switch for selecting a particular cross-bar switch,
a second step-by-step switch for selecting a par-
ticular select magnet, and a third step-by-step
switch for selecting a particular hold magnet,
means for advancing said step-by-step switches
in succession, and means responsive to each se-
lecting operation for initiating the advance of
the next step-by-step switch and of the test cir-
cuit.

12. In a telephone system, district junctors, a
test circuit for said junctors, means for associat-
ing said test circuit with one of said district junc-
tors comprising a plurality of cross-bar switches,
each switch having a plurality of select magnets
and a plurality of hold magnets, step-by-step
switches for controlling the selection of & district
junctor for test by selecting one of said cross-bar
switches and a select magnet and a hold magnet
thereof, the working positions of said step-by-
step switches being separated by neutral posi-
tions, means responsive to the completion of a
testing operation to advance a switch to a neutral
position, means responsive to said advance to re-
lease a corresponding switch element, means re-
sponsive to the release of said element to advance
said switch to the next working position, and
means operated in said working position to start
o testing operation.

13. In a telephone system, district junctors
serving coin lines, means associated with said coin
district junctors for applying charging current
to the talking conductors of said junctors, district
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junctors serving message register lines, means

associated with said message register district
junctors for applying charging current to the
message register conductors of said junctors, a
test circuit, means for connecting said test circuit
with sald district junectors, means in said test
circuit for timing the duration of the charging
current applied by district junctors, and means
to vary the operation of said timing means in
accordance with the type of district junctor under
test,

14. In a telephone system, district Jjunctors
serving coin lines, means associated with said coin
distriet junctors for applying charging current
to the talking conductors of said Jjunctors, district
junctors serving message register lines, means
associated with said message register district
junctors for applying charging current to the
message register conductors of said junctors, a
test circuit, means for connecting said test circuit
with said district junctors, means in said test
circuit for receiving charging current from coin
district junctors, other means for receiving
charging current from message register district
Junctors, timing means, and means to assoclate

29

elther of said charge recelving means with said
timing means for testing the duration of said
charging current in accordance with the type
of district junctor under test.

15. In a telephone system, district junctors
serving coin lines, means associated with said
coin district junctors for applying charging cur-
rent to the talking conductors of said junctors,
district junctors serving message register lines,
means associated with said message register dis-

trict junctors for applying charging current to -

the message register conductors of said junctors,
a test circuit, means for connecting said test cir-
cuit with one of said district junctors, means in
said test circuit for receiving charging current
from coin district junctors, other means for re-
ceiving charging current from message register

district junctors, timing means, means to a850~

ciate either of said charge receiving means with
sald timing means for testing the duration of
said charging current, and means to vary the
operation of said timing means in accordance
with the type of district junctor under test.
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