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Joseph W, Dehn, Great Neck, N. Y., assignor to
Bell Telephone Laboratories, Incorporated, New
York, N. Y., a corporation of New York

Application August 9, 1939, Serial No. 289,144
‘15 Claims. (CIL 179—175.23)

This invention relates to telephone systems
and has for its object to facilitate the mainte-
nance of telephone equipment by improving the
means by which such equipment is tested.

The design of new telephone switching equip-
ment requires the redesign of the equipment by
which it is tested to maintain it in efficient op-
erating condition. Therefore, just as the use of
cross-bar switches in establishing telephone con-

nections has requires the development of new ‘

circuits to control such switches, the use of the
new control equipment requires modified test
equipment. The present invention is directed to
such test equipment.

More specifically, the invention relates to rou-
tine testing equipment for the senders which
control telephone connections in cross-bar type
offices.

In accordance with one feature of said inven-
tion, the test circuit makes & direct connec-
tion with a sender for test purposes and makes
an auxiliary connection with the sender through
a link circuit for marking the sender busy to
service connections, and for testing part of the
link circuit.

Terminating senders control markers, to which
they are connected through connector circuits
and which in turn control the switches. In order
to test the reciprocal action between the sender
and the marker, the test circuit controls the
connector circuit in such a way as to cause the
marker, which is seized by a sender under test, to
establish a direct connection with the test cir-
cuit.

The test circuit connects itself with the send-
ers to be tested by means of one or more Cross-
bar switches and has means for operating the
cross points of the switch in sequence, with
means for indicating the completion of each
operation. :

These and other features of the invention
will be more clearly understood from a consid-
eration of the following description in connec-
tion with the attached drawings, in which:

Fig. 1 shows the manner in which Figs. 2 to 43
should be arranged;

Figs. 2, 3, 4, T and 9 show a terminating sender;

Fig. 5 shows a part of a marker;

Figs. 6 and 11 show a link circuit;

Fig. 8 shows a “B” operator’s. position circuit;

Pig. 10 shows a marker connector;

Figs. 12, 13, 14 and 15 show a “B” operator’s
sender; and

Tigs. 16 to 43 show the sender test circuit, in-

which Figs. 16 to 20 and 23 to 27 show the con-

nector circuit, Figs. 21, 22, 28 and 29 show the
register check circuit, Figs. 30, 31, 37 and 38 show
the sender group test circuit, Figs. 32 to 34 and
39 to 41 show the revertive pulsing test circuit,
Figs. 35, 36, 42 and 43 show the key puising test
circuit.

The terminating sender is similar to that
shown in U. S. Patent No: 2,089,921, granted to
W. W. Carpenter on August 10, 1937, while the
«B” operator’s sender is disclosed in U. 8. Pat-
ent No. 2,075,527, granted to F. A. Korn et al.
March 30, 1937. Reference is made to these pat-
ents for details in the sender operation which
may be omitted from the present description.

As indicated above, the sender test circuit is
divided into sections according to the function to
be performed, although all sections cooperate in
making a test. Briefly, the connector controls
the connection of the various units of the test

circuit to the senders. The group test circuit o

makes a busy test of the sender to be selected and
of the sender group circuit of the sender link.
The revertive pulsing test circuit sets up a reg-
istration on a revertive pulsing basis in the ter-
minating sender and tests for completion of the
registration or faulty registration. The key
pulsing circuit sets up registrations in “B” Posi-
tion senders on a key pulsing basis. The register
check circuit receives the information trans-
mitted from the sender to the marker and com-
pares it with that sent to the sender.

DETAILED DESCRIPTION
Regular call test

This circuit is arranged to make one test as
determined by a test class key on each sender
and therefore, before starting a test, it is neces-
sary to.operate one of the class keys 2500 to 2503,
1804 to {807 and also a set of frame Keys and a

~set of numerical keys. Assuming first that the
senders are to be tested for a regular call, key
2500 will be operated. As an example, frame
keys 3810 and 3804 may be operated as well as
numerical keys 3812, 3221, 3239 and 3943. The
numerical keys are common to the revertive
pulsing and the key pulsing circuits. Other
special test keys would also be operated at this
time but for the first test to be described, it will
be assumed that no such keys are operated.

When these control keys have been operated, 5

start key 1900 is operated, closing a circuit from
battery, through the winding of start relay 2600,
contact of key .1900, conductor 1901, to ground
at the upper back contact of relay 2700.

The operation of relay 2600 starts the time
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alarm circuit, which functions as described here-
inafter.

Relay 2600 also starts the selection of a sender
for test. To this end it closes a circulf from
ground over its inner lower and upper contacts,
normal contacts of relay 2608, inner upper back
contact of relay 1914, lower back contact of re-
lay 1808, normal contact and winding of relay
2000, resistance 2001 and battery. Relay 2000
operates in this circuit, locking over its inner
lower front contact, conductor 2002 to ground
at the inner right contact of key §915. Relay
2000 closes a circuit from battery through re-
sistance 2003, winding of relay 2004, alternate

i contact of relay 20800 to ground over conductor

2002, but relay 2004 does not operate, being
shunted by a branch of the operating circuit of
relay 2000. Relay 2000 also closes a circuit from
ground over the outer right normal contact of
key 1915, conductor 1816, outer upper front con-
tact of relay 2000, inner lower back contact of
relay 20085, outer lower back contact of relay
2004, lower back contact of relay 2700, conductor
2101, back contact of hold magnet 2419 of the
cross-bar switch shown in Fig. 24; and over the
back contacts of the odd-numbered magnets of
the same series, conductor 2436, back contact of
relay 1609, auxiliary to the tenth select magnet
2429 of the switch of Fig. 24, conductor 1628,
outer lower back contact of relay 2005, to the
winding of relay 2702 and battery. Relay 2762
operates and locks over its inner upper front
contact, upper normal contact of relay 2005, outer
upper front contact of relay 2000, to grounded
conductor 1916. Relay 2702 closes an obvious
circuit for relay 2103 which closes a circuit from
ground at its front contact, conductor 2104 to
battery through the winding of relay 2320.

The operation of relay 2320 opens the operating'

circuits for relays 2300 to 2304, 1605 to 1609. It
also closes a eircuit from ground on conductor
2002, front contact of relay 2320, conductor 2324,
outer lower front contact of relay 2102, normal

contact and winding of relay 2105, resistance
5 2706 to battery. Relay 2705 operates in this cir-

cuit and locks over its alternate contact to
grounded conductor 2002. It prepares a circuit
for relay 2707 from battery through resistance
2108, winding of relay 2101, alternate contact of
relay 2705 to grounded conductor 2002, How-
ever, relay 2207 cannot operate at this time since
its winding is shunted by a branch of the operat-
ing circuit of relay 2706. i

With relay 2706 operated a circuit is closed
from grounded conductor 1918, outer upper front
contact of relay 2106, innér lower back contact
of relay 2101, conductor }109_, back contacts of
auxiliary relays 1607, 1605, 2303 and 230, con-
ductor 2330, winding of select magnet 2420 and
battery. Magnet 2420 operates and extends its
operating ground over its front contact, con-=
ductor 2431, outer lower back contact of relay
27017, inner lower front-contact of relay 2702 to
the winding of relay 2008 and battery. Relay

3 2005 operates and locks over its-inner upper front

contact and the outer upper front contact of relay
2000 to conductor 816. At the same time relay
2005 opens the operating and locking circuits of
relay 2702 which releases, in turn releasing relay
2703. Relay 2005 also connects ground over its
inner lower front contact, inner upper front con-
tact of relay 2705 to conductor 24381, locking select
magnet 2420. The release of relay 2702 opens
the shunt around the winding of relay 2107 and
that relay now operates. Relay 2101 opens the

operating circult for select magnet 2420 and closes
a substitute locking circuit for that magnet from
conductor 243, inner upper front contact of relay
2707 to grounded conductor 1818, v

The release of relay 2103 opens the circuift of
relay 2320, connecting relays 2309 to 2304 and
1608 to 1608 in paraliel with the windings of select
magnets 26820 to 2428. Since magnet 2428 is
operated and locked, the locking ground for mag.
net 2420 {s extended over the lowermost back con-

tact of relay 2320 to the winding of relay 2300.

Relay 2300 operates and locks over its inner right
front contact to conductor 2330 and over the
front contact of magnet 2426 to the locking
ground for that magnet.  Relay 2300 lights lamp
2310 to indicate the operation of the No. 0 level
of the cross-bar switch of Fig, 24.

Relay 2300 also closes a circuit from ground at
the second lower front contact of start relay 2600,

conductor 2608, inner and middle left front con- ¢

tacts of relay 2306, conductors 233¢ and 2332 to
the windings of multicontact relays 1708, 175¢

and (702 to connect the test circuit with the

sender link circuit.

Relay 2703 in releasing, after an interval, closes
a circuit from ground over its back contact, outer
lower front contact of relay 2008, conductor 2607,
windings of hold magnets 2406 and 2410 to bat-
tery. When hold magnet 2400 operates, it con-
nects ground to conductor 2437 which extends

‘through cable 2438 to the winding of relay 1808

and battery. Relay (800 closes an obvious cir-
cuit for lamp 1820, identifying the position of the
sender under test in the selected level.

In order to obtain the necessary number of
circuits between the test circuit and the sender,
two cross-points are needed for each sender and
therefore a twenty vertical switch is used to give
access to one hundred senders, the hold magnets
being operated in pairs. -

- -Hold magnets 2400 and 2410 close two. cross-
points on the cross-bar switch which correspond

“to these two hold magnets and the operated select
‘magnet, closing eight contacts. Over these con-

tacts circuits are closed for testing the sender,

six being effective if a terminating sender is.

tested and seven if a “B” sender is being tested.

Means for connecting with but one hundred
senders is shown, although it is to be understood
that the modification of the circuit to test a
greater number is within the contemplation of
the invention.

Magnets 2400 and 2410 close a circuit from
ground on their operating circuit, inner front
contacts of magnets 2400 and 2410, conductor
2432, outer upper back contact of relay 2004, lower
winding of relay 2605 and battery. Relay 2605
locks over its inner lower front contact and the
outer upper back contact of relay 1814 to ground

at the middle upper front contact of relay 2005.
"Relay 2606 closes a locking circuit for magnets

2400 and 2410 from conductor 2432, inner upper
front contact of relay 2000, inner upper front
contact of relay 2608, inner upper front contact

“of relay 2600 to grounded conductor 2002.

The operation of relay 2605 also opens the
shunt around the winding of relay 2004 and that
relay operates, closing a substitute locking circuit
for magnets 2400 and 2410 from conductor 2432,
inner upper front contact of relay 2004, conductor
1817 to ground over the inner left normal con-
tact of key 1915, Relay 2004 also opens the oper-
ating circuit for magnets 2400 and 2410 as well
as the operating circuit for relay 2605.
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of Figs. 30, 31, 37 and 38 is seized. At the time
relay 2600 was operated, a circult was closed from
ground at the fourth lower front contact of relay
2600, conductor 2606, inner lower back contact of
relay 2008, upper back contacts of relays 2009 and
2010 which connect the test circuit with even and
odd-numbered cross-points, respectively, conduc-
tor 2011, through cable 2710, right back contact
of relay 3003, winding of relay 3700 and nattery.
10 Relay 3700 closes an obvious circuif for relay
3701. The circuit of relay 37100 is carried over the
back contact of relay 3003 to make sure that this
and other relays are normal before permitting
this circuit to be tised. Relays 3100 and 370t are
15 operated before this circult is seized so that they
may be energized for a sufficlent time to insure a
proper releasing time.
When relay 2605 operates to seize the sender
group circuit, it closes a circuit from ground at
20 the second lower front contact of relay 2600,
conductor 2609, outer upper contact of relay
1908, conductor 3001, outer upper front contact
- of relay 2605, outer left back contact of relay
2012, conductor 2013, through cable 2711, inner
o5 left front contact of relay 3101 to the winding of
relay 3702 and battery. At its third left front
contact, relay 3702 connects battery to conductor
3703, compileting a circuit over that conductor
through cable 2711, winding of relay 2009, outer
30 lower front contact of relay 2000, middle upper
front contact of relay 2004, to ground over con-
ductor 3001.
Whether relay 2009 or 2010 is to be operated
depends, as appears in the above circuit, on the
35 position of relays 2000 and 2004. If an even-
numbered hold magnet is operated, relays 2000
and 2004 will be operated as above, causing the
operation of relay 2008. If an odd-numbered
hold magnet is operated, relays 2000 and 2004
40 will be normal, causing the operation of relay
2010. Either relay 2009 or 2010 connects the
leads from the sender to be tested into the con-
trol circuits to be used for this particular test
and also removes ground at its uppermost con-
45 tact from the circuit of relay 3700 to start the
busy test circuit of the sender group test cir-
cuit.
Relay 2009 also closes & circuit from bat-
tery through resistance 2607, conductor 2608,
50 outer upper front contact of relay 2009, con-
ductor 2014 through cable 20185, left-most con-
tact of cross-point 2433, conductor 2434, normal
contact of key 2016, conductor 28i7 through
cable 2710, winding of relay 3004 and ground.
58 Prior to the operation of relay 3004, a2 holding
circuit for relay 3700 is extended over the right
back contact of relay 3003, conductor 2011, up-
per back contact of relays 3004 and 3005, con~
ductor 3006 through cable 2710, inner lower back
¢o contact of relay 2008, to grounded conductor
2606, while another holding circuit extends from
conductor 201 over the outer left back contact
of relay 3708 to conductor 3006 and thence to
ground.
63 'The operation of relay 2009 opens the ener-

(4]

gizing circuit of relay 3700 and the operation of

relay 3004 opens one holding circuilt for relay
3700.
In the sender group test circuit, relay 3102
=9 closes a circuit from battery through the wind-
ing of relay 3110, outer right back contact of
relay 3111, conductor 3112, to ground at the in-
ner left front contact of relay 3102 in prepara-
tion for a future test. A circuit is also closed
75 from battery through the winding of relay 3113,

right back contact of relay 3880 to ground at
the outer right front contact of relay 3102. Re-
lay 8113 operates, closing an obvious circuit for
relay 3114, .

“In the sender link circuit each sender appears §
as one of a group of ten, which may be all of
one kind or may include both terminating and
“B” position senders. The cross-points of one
horizontal level of the cross-bar switch of Fig.
24 are wired to the senders of one sender group. 10
The group test circuit tests the function of the
sender group circuit in the link circuit.

When the sender group circuit including the
sender to be tested is not in use with a service
connection, a circuit is closed from battery over 15
the inner right contact of relay 3702, winding
of relay 3104, outer right back contact of relay
3105, conductor 3706, second upper front con-
tact of relay 3004, conductor 3001, through cable
3008, armature of relay (101, conductor 1703, 20
through cable 1104, over a chain circuit includ-
ing the back contacts of sender test relays 604
to 600, to ground at the lower back contact of
relay 620.

Relay 3104 opens the remaining holding cir- 25
cuit for relay 3700 and that relay starts to re-
lease. Relay 3704 also closes the busy test cir-
cuits. During the releasing period of relay 3700
a circuit is closed from ground through the wind-
ing of relay 3101, left back contacts of relays 80
3708 and 3109 in parallel, right front contact of
relay 37100, outer right front contact of relay
3704, inner left back contact of relay 3705, con-
ductor 3710 through cable 2710, right back con-
tact of relay 2012, second upper front contact of 35
relay 2099, conductor 2018 through cable 2015,
outer right contact of cross-point 2433 to con-
ductor 2485 through cable 2436 to the sender to
be tested. :

If the sender is busy this circuit extends to 40
battery over the lower front contact of relay 200
if the sender has been made busy artificially, or
over contacts of relays 202 and 20f through the
winding of relay 201 or over a contact of relay
700 to battery in the link during certain stages 45
of service.

If battery is encountered, relay 3707 operates,
in turn operating relay 3709 over a normal con-
tact of relay 3108. Relay 3707 also closes a
holding circuit for relay 3100 from conductor 2611 80
over the left front contact of relay 3107 to con-
ductor 3006, preventing the release of relay 3700.
Relay 3709 in operating closes another link be-
tween conductors 201t and 3006 to hold relay
3700 operated, and closes a circuit from battery 35
through the winding of relay 3708, right front
contact of relay 3709, outer left front contact of
relay 3104 to grounded conductor 3008. Relay
3708 operates and locks over its right alternate
contact, outer left front contact of relay 3704 to 60
conductor 3006, It also opens the circuits of
relays 3707 and 3109. Relay 3709 is slow to re-
lease and holds the circuit of relay 37107 open
for an interval. If the battery in the sender is
due to a relay or hold magnet winding, the open- 05
ing of this circuit will permit this battery to re-
move itself. If a make-busy battery was en-
countered it is unaffected by the opening of the
test circuit. After this interval, relay 3709 re-
closes its back contact, again connecting relay 70
3107 to conductor 3710. In this case, if the bat-
tery is still present relay 37107 reoperates, hold-
ing relay 3700 and blocking the test. :

If the battery has been removed both relays
3707 and 3700 release. With relay 3700 normal, 75
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conductor 3710 is extended over the right back
contact of relay 3100 to the winding of relay 3711
and battery. At the same time, relay 3700 opens
the circuit of relay 3100 which starts to release
slowly.

If the sender is busy In service, conductor 37 10,
extending to conductor 2435 is grounded over the
outer lower front contact of relay 202, lower nor-
mal contact of relay 101, upper normal contact
of relay 102, ofi-normal ground conductor 703 to
ground at the inner upper front contact of relay
202, Therefore, relay 311( operates, closing &
holding circuit for relay 3101. Relay 3701 is slow

enough in releasing to insure that relay 37il will’

operate if conductor 2435 is grounded. If relay
3111 operates, the circuit remains blocked until
the sender becomes idle or until the test circuit
is advanced to a new sender. While relay 3701 is
operated, lamp 3712 is lighted in a circuit from
battery through the lamp, over the outer left
front contact of relay 3101, middle right contact
of relay 3102 to ground as an indication that
the sender, to which the test cireuit is connected,
is busy.

If the sender is idle, or becomes idle, when re-
lays 3711 and 3101 release, a circuit is closed from
ground on the middle right front contact of relay
3102, left back contact of relay 3701, right back
contact of relay 3009, to the winding of relay
3010 and battery.

If, during the busy test, the sender group is
seized by a service call, the chain circuit for relay
3104 is opened and that relay releases, restoring
the busy test circuit to normal. When the sender
group again becomes available, the busy test re-
starts as described.

If all of the senders of a subgroup are busy the
subgroup busy relay is operated. For example,
relay 621 is operated over the outer lower front
contacts of relays 610 to 614, and ground, when
all of the senders are busy. With relay 621 op-
erated, battery is connected over the inner upper
contact of relay 621, conductor 622, through ca-
ble 1704, contact of relay {7101, conductor 1705,
through eable 3008, outer left back contact of re-
lay 3030, outer upper front contact of relay 3004
to the winding of relay 3009 and ground.

With relay 3008 operated, the circuit for relay
3010 is held opened and ground is connected over
the inner left contact of relay 3702, conductor
3112, left front contact of relay 3009 to conductor
3011 and interrupter 3012. When interrupter
3012 closes its left contact it completes a circuit
for relay 3013 which locks to conductor 30tl.
When next interrupter 3012 closes its right con-
tact it connects ground over that contact, inner
right contact of relay 3013 to the winding of
relay 3014 and battery. Relay 3014 also operates
and locks to conductor 3011, This operation re-
quires from five to twelve seconds and, if com-
pleted, relay 3014 closes & circuit from grounded
conductor 3001, left front contact of relay 3018,
right front contact of relay 3009, conductor 3015,
through cable 2603, to the lower winding of relay
1918 and battery. Relay 1918 locks to grounded
conductor 300 and prepares a circuit for ad-

" vancing to the next sender which is effective only

- if key 1919 is operated. Otherwise, the test re-

70
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mains blocked. L.amp 3728 is lighted in a circuit
from battery through the lamp; over the left back
contact of relay 3713, outer right front contact of
relay 3013 to ground, to indicate the point at
which the test failed. This timing arrangement
is also controlled by relays 3000 and $029.
Assuming that the sender subgroup was idle, so

2,225,688

that relay 8010 operates as above described, a
circult is closed from ground at the second left
front contact of relay 3010, left back contect of
relay 8018, outer right back contact of relay 30¢4
to the winding of relay 3000 and battery. Relay
3000 operates and locks over its inner left front
contact: to ground at the second left front contact
of relay 8010, independent of the timing relays.
Relay 8018 also closes & circuit from grounded
conductor 2606, inner left front contact of relay
3010, conductor 3017, through cable 2710, outer
upper back contact of relay 2008, conductor 3016
through cable 2710 to the winding of relay 3030
and battery. Relay 8030 connects battery to
conductor (706 and to the corresponding con-
ductors of other senders of the subgroup to make
them appear busy to all link circuits, Relay 801
at its inner right contact closes another circuit
for lamp 8728. With relay 3016 operated, a cir-
cuit is prepared for relay 3714 over the third left
contact of relay 3010, inner lower front contact
of relay 3004, conductor 3018 through cable 3008,
contact of relay {704, conductor 1766 through ca-
ble 1704, outer upper back contact of relay 623 to
ground at the outer lower back contact of relay
62i. A circuit is also prepared from battery
through the winding of relay 3715, outer left
front contact of relay 30i0, second lower front
contact of relay 3004, conductor 36i9 through
cable 3008, contact of relay 1704, conductor {797
through cable (704, inner lower back contact of
relay 628, inner lower back contact of relay 624,
to the upper back contacts of relays 616, 6i2 and
614, which are individual to the senders of the
subgroup. If two or more senders are idle,
ground will be connected to this circuit over the
back contacts of two senders. For éxample, as-
suming that the isenders corresponding to relays
610 and 614 are idle and the remainder busy, so
that relays 610 and 614 are normal and relays
612, etc., operated, the circuit just traced will
extend over the inner upper back contact of relay
614, inner lower front contacts of relays 612, etc.,

inner lower normal contact of relay 610 to

ground, and relay 3715 will operate.

If more than two senders are idle, parallel cir-
cuits will be closed over the back contacts of
the sender relays in pairs. If one or more send-
ers are idle, the group busy relay 621 is not op-
erated and the circuit of relay 3714 is closed.
Therefore, with two or more senders idle, both re-
lays 3714 and 3715 are operated, and with one
sender idle relay 3714 is operated alone,

Relay 3000 in operating opens the circuit of
relay 3113 which in turn opens that of relay 3114,
These two relays release slowly, to allow. any
service link which may have started to seize this
group of senders to complete its action and ex-
clude the test circuit and also to-allow any sender
which is restoring to normal to completely re-
store before seizing the sender.

. ‘With relays 3714 and 3715 operated and relay
3114 released, a circuit is closed from battery
through. the ‘winding of relay 37113, conductor
3116, back contact of relay 3114, conductor 3{ 15,
front contacts of relays 83715 and 3714, to ground
at the inner right contact of relay 3010. Relay
31713 operates and locks to ground over its middle
left front contact and the inner right contact of
relay 3010. In operating it extinguishes lamp
3728 and extends the lamp circuit over its outer
left front contact, right back contact of relay 3141
to- battery through lamp 3718.  In addition, re-
lay 3713 closes a circuit from ground at its middle
right contact over conductor 3117 to battery
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through the winding of relay 8i16. Relay 3116 -

prepares the circuits for giving the frame indi-
cation to the sender. Relay 3118 also closes a
circuit from ground at its inner right contact,
conductor 3118 to the winding of relay 3003 and
battery.

The above operations are described on the as-
sumption that key 3719 is operated, which would
be the case while testing during light load periods.
For testing during heavy loads, key 3719 is nor-
mal, and the contact of relay 3114 is shunted so
that the test may proceed where the selected
sender is the one idle sender in the group.

Relay 3003 in operating connects ground
through the winding of relay 3720, second right
front contact of relay 3702, outer left back con-
tacts of relays 3105 and 3812, conductor 3815,
third left front contact of relay 3003, third upper
front contact of relay 3004, conductor 3022
through cable 3008, contact of relay 1701, con-
ductor (111 through cable 1704, normal contacts

of relays 600 to 604, to battery. Relay 3720 oper-

ating in this circuit indicates that the chain cir-
‘cuit over which the sender test and select relays
recelve battery is complete. Relay 3720 locks in
a circuit from ground through its winding, sec-
ond right front contact of relay 3702, outer left
front contact of relay 3120, to battery over the
outer left back contact of relay 3717,

With relays 3704 and 3720 operated, ground is
connected to the preference lead corresponding
to the sender to be tested which extends through
resistance 3121, inner left front contact of relay
3720, inner right and left front contacts of relay
3704, outer right back contact of relay 3816, con-
ductor 3817, inner left front contact of relay 3003,
conductor 3723 through cable 3724, over the inner
right back contacts of relays 2519 to 2515 and
(814 to 1811, middle right front contact of relay
1810, conductor 1831, contact of relay 1101, con-
ductor 1112 through cable 1708, outer upper back
contact of relay 610, winding of relay 600, back
contacts of relays 602, 604, etc., to battery. Relay
600 operates in this circuit, opening the circuits
of relays 3714 and 3715. Relay 600 also closes a
circuit from battery through resistance lamp 205,
inner lower back contact of relay 204, lower back
contact of relay 203, lower back contact of relay
201, lower winding of relay 700, conductor t110,
outer lower front contact of relay 600 to ground
at the back contacts of relays 620 and 624. Re-
lay 700 locks in a circuit from battery through its
upper winding and inner upper front contact to
conductor 1710 and closes a parallel circuit from
battery through relay 704, over the inner upper
back contact of relay 202, inner upper front con-
tact of relay 700 to ground over conductor 1T10.
With relays 700 and 108 operated, the circuits for
recording the frame designation are connected
through to the sender register. In addition,
other control circuits are extended into the
sender. . - _

With relay 3116 operated, ground over its sec-
ond right contact is connected to the right mov-
able springs of the even-numbered frame keys
3800 to 3804, 3105 to 3109. Assuming that key
‘3804 is operated, the above ground is extended
over the closed inner right contact of key 3804,
winding of relay 3818, middle right back contact
of relay 3411, conductor 3119, through cable 3120,
contact of relay 1701, conductor 1708 through
cable 1709, over the lowermost front contact of
relay 104 to the winding of relay 105 and battery.

With relays 3714 and 3715 released and relay
3018 operated, relay 3717 is connected to test

5

whether the proper relay in the link has been op-
erated, the circult extending from battery
through the right winding of relay 3717, front
contact of relay 3818, back contacts of relays 3714
and 3115, second left front contact of relay 3003,
conductor 3725 through cable 37124, outer left
back contacts of relays 2519 to 2515 and {814 to
1811, outer left front contact of relay 1810, con-
ductor 1830, contact of relay 1701, conductor
1110 through cable 1704, outer lower front con-
tact of relay 608 to ground over the back contacts
of relays 620 and 624. Since relay 600 is oper-
ated, relay 37117 operates, locking through its left
winding and inner left front contact to ground
at the inner right front contact of relay 3713.
Relay 3717 opens the circuit of lamp 3718 and
extends the lamp circuit over its outer right front
contact and the middle left front contact of re-
lay 3704 to lamp 3722 and battery.

Relay 3711 opens the locking circuits of relays
3704 and 3720, leaving them connected respec-

—

0

tively to the battery chain over the upper normal

contacts of relays 600 to 604 and the ground
chain over the lower back contacts of the same
relays. This serves as a test for the proper open-
ing of these chain circuits, since, if either fails to
open, the corresponding relay will remain oper-
ated and block the progress of the test. T.amp
3722 lighted indicates the point of failure. If
relay 3704 releases but relay 3720 fails to do so,
the lamp circuit is extended over the middle left
back contact of relay 3704 and the right front
contact of relay 3720 to lamp 3723 to indicate
that condition. '

Assuming that the chain circuits open and re-
lays 3104 and 3720 both release, the lamp circuit
is extended over the right back contact of relay
3720, left back contact of relay 3819 to battery
through lamp 3820.. The operating circuit for re-
lay 600 is opened but that relay locks in a circuit
from battery over its inner upper alternate con-
tact, winding of relay 600, outer upper front con-
tact, conductor 625, through cable 1704, contact
of relay 1701, conductor 1713, through cable 3120,
outer left front contact of relay 3116, to ground at
the inner left back contact of relay 3816.

A circuit is also closed from battery through
the winding of relay 3812, conductor 3021, outer
left front contact of relay 37171, left back con-
tact of relay 3720, inner left back contact of
relay 3704, outer right back contact of relay
3816, conductor 3811, inner left front contact
of relay 3003, conductor 3723 through cable 3724,
inner right back contacts of relays 2519 fo 2515
and 1814 to 18!i, middle right front contact of
relay 1810, conductor 183f, front contact of re-
lay 1701, conductor 1712, through cable 1704,
outer upper back contact of relay 610, outer up-
per front contact of relay 600, conductor 625 and
thence as above traced to ground at the inner
left back contact of relay 3816,

Relay 3812 operates in this circuit, in turn op-
erating relays 3813 and 3814 over obvious cir-
cuits. In addition, relay 3812 closes a circuit
from battery through the winding of relay 3105,
left front contact of relay 3812 to ground at the
fourth right front contact of relay 3702. Relay
3105 .locks over its inner left front contact to
ground at this fourth right contact of relay 3702,

When relay 700 operated, it connected the ten
frame units leads to the select magnets of the
cross-bar register, the frame tens leads to relays
300 and 310, the even frame lead to relay 705
and the special marker lead to relay Ti4. In
the test circuit, conductors 1708, 3129 and 1116
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and relays 708 and 300 operate together with
select magnet 804, -

‘Magnet 304 in operating extends its operating
ground over conductor 97! to the winding of
relay 301 and battery. Relay 301 closes a cir-
cuit from battery through resistance 208, wind-
ing and normal contact of relay 208, outer up-
per front contact of relay 304, conductor 218,
front contact of relay 300 to ground over the
operating circuit of relay 300. Relay 208 oper-
ates, locking over its alternate contact to con-
ductor 218, and closing a circuit from battery
through resistance 216, winding of relay 2i1,
alternate contact of relay 208 to conductor 2185,
but relay 216 is shunted by the operating circuit

of relay 208 and does not operate at this time.

‘With relay 208 operated, a circuit is closed
from battery through the winding of hold magnet
410, back contact of hold magnet 411, conductor
412, Jower front contact of relay 208, back con-
tact of relay 217 to the windings of relay 218.
The upper winding of this relay, which is differ-
entially wound, is connected to battery and the
Jower winding Is connected to conductor 219.
The circuit remains in this condition until relay

202 operates, connecting ground to conductor

2{9. Hold magnet 410 now operates, closing
cross-point 910 and locking to conductor 2185.
This locking ground extends back to the windings
of relay 218 and that relay now operates. When
relay 218 operates, the locking circuit of relay
301 and magnet 904 is opened at the contact of
relay 218 but Is maintained at the back contact
of relay 308 until the dialing circuit is estab-
lished.

The grounding of conductor 215 by relay 300
closes a circuit over the lower back contact of

. relay 2068 to the winding of relay 201 which
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closes the dialing tip conductor through to the
winding of relay 302. Relay 207 also closes a
circuit for relay 203 which in turn operates re-
lay 204, relay 204 locking to conductor 215. A
When relays 204, 3214 and 3705 operate, a
circult is closed from ground at the outer left
front contact of relay 3814, outer left front con-
tact of relay 31085, conductor 3710, through cable
2740, right back contact of relay 2012, second
upper front contact of relay 2009, conductor 2018,
through cable 2015, contact of cross-point 2433,
conductor 2435, through cable 2436, inner lower
front contact of relay 700, conductor 106 through
cable 1109, contact of relay {701, conductor (114
through cable 3120, fourth left front contact of
relay 3116, conductor 312i, right front contact
of relay 3814, conductor 3821, inner left back
contact of relay 3111, right back contact of re-
lay 8122, resistance 3123, outer left back con-
tact of relay 3011, third left contact of relay
3118, conductor 3124 through cable 3120, con-
tact of relay 1701, conductor {715 through cable
1709, third lower front contact of relay 108, outer
upper front contact of relay 204 to the upper
winding of relay 201 and battery. Relay 20t
closes & substitute holling eircuit for relays 208,
204, 300, etc., by connecting ground to conductor
215. Relay 201 also connects ground to .con-
ductor 210, operating relay 618 in the link cir-
cuit. With relay 610 operated, ground is con-
connected to conductor 630, completing a circuit
over the fourth lower front contact of relay 201,
outer upper front contact of relay 208, conductor
211, left back contact of relay 910, conductor 922,
back contacts of relay 300 or 310, to the winding
of relay 202 and battery. Relay 202 locks over

2,225,688

its inner lowei' front contact to ground at the
uppermost front contact of relay 201. Relay 202

atl its inner upper front contact connects ground -

to conductor 103, which ground extends over the
upper normal contact of relay 102, lIower normal
contact of relay 104, conductor 222, lowermost
contact of relay 202 to conductor 2435, over which
the link switch hold magnets are normally held,
and in parallel over the second lower contact of
relay 201 to the upper winding of that relay to
hold that relay operated.

The operation of relay 8i0 in the link cir-
cuit disconnects conductor 112 from ground over
the locking circuit of relay 600 and connects it
over the outer upper front contact of relay 610
to the upper armature of relay 614 and to con-
ductor 626. '

The disconnection of conductor 1712 from
ground releases relay 3812, in turn releasing re-
lays 3813 and 3814. When relay 3814 releases,
it closes a circult from ground on conductor 222,
fourth lower front contact of relay 202, conductor
212, second lower contact of relay 100, conductor
710, through cable {709, contact of relay f701,
conductor (TIT through cable 3120, second left
front contact of relay 3116, middle left back con-
tact -of relay 3111, left back contact of relay-3814,
second. left front contact of relay 3705, to the
winding of relay 3819 and battery. Relay 3819
locks over its inner left front contact to ground
at the fourth right front contact of relay 3102.

Relay 8819 disconnects the lamp circuit from
lamp 3820 and extends it over its outer left front
contact and the back contacts of relays 3816
and 3822 to lamp 3823. If the release signal is
not received, the test circuit blocks with lamp
3826 lighted.

A circuit is also closed from ground at the
right back contacts of relays 3812 and 3814,
second right front contact of relay 3705, left
back contact of relay 3125, right front contact
of relay 3819 to the winding of relay 3816 and
battery. Relay 3816 connects ground through
resistance 3824 to conductor 3811 which extends,
as previously fraced, to the armature of relay
610 and over the front contact of that relay, to
the upper armature of relay 614 to give the cor-
responding sender the next preference. To this
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armature is attached preference conductor 626 -

over which the circuit extends through cable
1704 to an armature of relay 1101, (not shown)
which is cross connected to an armature of relay
1702, This circuit further extends over con-
ductor 1719, outer right front contact of relay
1810, outer right back contacts of relays (811 to
1814, 2515 to 2519, conductor 2530 through cable
2531, fifth left front contact of relay 31 16, wind-
ing of relay 3825, inner right front contact of
relay 3703 to battery.  If the preference circuit
is advanced properly relay 3825 operates, closing
a circuit for relay 3822. Relay 3822 in operating
opens the circuit of lamp 3823, the second branch
of which was previously opened by relay 3816.
This relay also closes a circuit from ground over
its right contact, inner left front contact of re-
lay 3816, middie left front contact of relay 3819
to the winding of relay 3026 and battery. '
During light traffic, with key 8719 operated, a
test is made for premature advance of the pref-
erence lead, by means of a circuit extending
from ground over the inner left front contacts
of relays 3702, 3814, and 3822, lower contact of
key 3719, conductor 3725 to the winding of relay
3130 and battery. Relay 3130 blocks the test
and lights lamp 3131. This circuit is closed
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only if relay 3825 operates before relay 3814 re-
leases, which is an indication of premature ad-
vance of the preference lead.  When testing dur-
ing heavy traffic, with key 3719 normal, this
test is omitted. .

Relay 3816 in operating opens its inner left
back contact, disconnecting ground from con-

ductor 1748, thereby releasing relay 600 which °
in turn opens the locking circuit of relays 100 and-

704 in the sender, permitting them to release.
With these relays normal, the frame indication
circuits, as well as the circuits previously traced
over conductors 710, 708 and 1745, should be
open. The test circuit makes a test to determine
whether this is true. ’

With relay 83026 operated, a circuit is closed
from battery in parallel through the windings
of relays 3(if, 3132 and 3133, right front con-
tact of relay 3026, conductor 3027, outer left front
contact of relay 3702, conductor 3126, through
cable 2710, second upper front contact of relay
2009, conductor 2018 through cable 2018, contact
of cross-point 2433, conductor 2435 through cable
2436, outer lower front contact of relay 202,
lower normal contact of relay 101, upper normal
contact of relay 702 to grounded conductor 703.
Relays 3111, 3132 and 3133 operate over this cir-
cuit. One end of the winding of relay 3134 is

connected to a potential of approximately 24

volts, obtained by connecting it'to the point be-
tween resistances 3135 and 3136 which are con-
nected in series between battery and a ground
supplied over the inner left contact of relay 3713
The other end of the winding of relay 3834 is con-
nected in parallel to the front contacts of relays

3111, 3132 and 3133 and with these relays op-

erated to all the frame indicating circuits and
other circuits which are to be tested for crosses.
The operation of relay 3111 also opens the cir-
cuit of relay 3110, which releases slowly. If any
of these circuits are connected to either 48-volt
battery or ground, relay 3834 will operate, clos-
ing an obvious circuit for relay 3130 which locks
to grounded conductor 3112, lights lamp 3131
and blocks the advance of the test. If no such
crosses are detected, when relay 3110 closes its
back contact, a circuit is closed from ground
at the back contact of relay 8134, back contact
of relay 3130, left front contact of relay 3026,

inner right back contact of relay 3014, right back .

contact of relay 3110, conductor 3137 through
cable 3138, to the winding of relay 2012 and bat-
tery as an indication to the connector circuit that
the group test circuit has competed its functions.
Relay 2012 locks over its inner left contact to
ground over conductor 3001.

Relay 2012 in operating disconnects ground
from conductor 2013, releasing relay 3102, which
causes all other relays of the group test circuit to
restore to normal. The group test circuit can-
not be reseized until relays 3700 and 3701 have
been operated and relay 3003 released to reclose
the operating circuit of relay 3702.

In order that the test frame attendant may

5 make a particular subgroup of senders busy

from the test frame, key 37271 and relays 3029
and 3030 are provided. With the start key 1900
operated, conductor 2606 is grounded and the
closure of key 3727 operates relay 3029. Relay
3029 locks to conductor 2606 over the left back
contact of relay 30f0. It also closes a circuit
from grounded conductor 2606, outer left front
contact of relay 3029, conductor 307, through
cable 2110, upper back contact of relay 2008,

75 conductor 3616, through cable 2710, winding of

7

relay 3030 and battery. Relay 3030 connects'

battery to the group busy leads of the group to
which the test clrcuit is connected. Relay 3010

in operating opens the circuit of relay 3028 but

connects conductor 3817 to conductor 2606 over
its inner left front contact, holding relay 3030
operated. On repeat tests, relay 3029 is oper-
ated over conductor 3031 through cable 2710,
contacts of keys 2712 and 2713, ‘and the lower

front contact of relay 2714 to conductor 2606. 10

Relay 2714 operates under‘the control of inter-
rupter 2715 as will be described hereinafter. Re-
lay 3029 insures that the sender under test will

not be seized for a service call. ‘
Revertive pulse test circuil

The operation of relay 2012:-as abbve‘ de-
seribed closes a circuit for initiating the opera-
tion of the revertive pulse test circuit by closing

15

a circuit from ground at the second left front. g¢

contact of relay 2012, conductor 2018 through
cable 2711, inner upper front contact of relay
3004, conductor 3032 through cable 8033, winding
of relay 3400 fto battery. Relay 3400 supplies
ground to the revertive pulse test circuits and
at its second right front contact connects relay
3300 to conductor 340f, through cable 2T(§,
outer right front contact of relay 2012, second
upper front contact of relay 2009, conductor 2018
through cable 2015, contact of cross-point 2433,
conductor 2435 through cable 2436, outer lower
front contact of relay 202, normal contacts ot
relays 701 and 702 to grounded conductor 703. -

If the sender has closed the above traced
ground, relay 3300 operates, locking over its inner
lower front contact, conductor 3301, inner upper
back contact of relay 3402, winding of relay 3403,
back contact of relay 4100, conductor 4101 to
ground at the fifth left front contact of relay
3400. Relay 3403 does not operate at this time,
being shunted by the operating ground of relay
3300.

Relay 3300 supplies battery over conductor 3303
to the windings of relay 3302 and of the counting

‘relays 4000 to 4007 and 4010 to 4017. Relay 4007

operates in a circuit from battery on conductor
3303 through its winding, back contacts of relays
4005 and 4010, conductor 4008, to ground at the
fourth left front contact of relay 3400. Relay
3400 also closes a circuit from battery over its

inner right contact, conductor 3404, left normal:

contact of key 3305, resistance 3306, upper wind-

ing of relay 3304 to ground at the outer left con--

tact of relay 3400, causing relay 3304 to hold its
contact closed. Relay 3302 also operates in a
circuit from battery on conductor 3303, upper
winding of relay 3302, contact of relay 3304, back
contact of relay 4010 to grounded conductor 4008.
With relay 3302 operated, a circuit is closed from
battery through the winding of relay 3405, outer
lower front contact of relay 3302, fifth right front
contact of relay 3400, conductor 1813 through
cable 2116 to ground at the lower back contact
of relay 1906. Relay 3405 locks over its inner left
front contact and the fifth right front contact
of relay 3400 to grounded conductor (9(3 and
connects the dialing circuit through to this re-
vertive pulse circuit. .

Relay 3400 also closes a circuit for lamp 3500,
which indicates that the circuit istesting for
ground on release of relay 100. The circuit .ex-
tends from battery through lamp 3500, conductor
3501, middle lower back contact -of. relay: 3406,
outer lower back contact of relay 3407;upper back
contact of relay 3408, lower back c¢ontact of relay
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3488 to ground over conductor 4181
left front contact of relay 3480.
Relay 3400 in grounding conductor 4008 also
closes a circuit over the inner lower back con-
tacts of relays 3407 and 4188, lower back con-
tacts of relays 4019, 4020, 4021, 4022 and 4023,
to the winding of relay 3311 and battery. »
Relay 3308 also closes & circuit for energizing
relay 4102 in a non-operate direction, the circuit
extending from battery through resistance 3307,
second upper front contact of relay 3300, con-
ductor 3308, outer lower back contact of relay
4103, outer ‘lower normal contact of key 4104,
upper winding of relay 4182, conductor 3323, inner
upper front contact of relay 3380 to ground.
Relay 3811 closes a locking circuit for itself
through the winding of relay 4823, lower contact
of relay 3311, outer upper back contact of relay
4022 to grounded conductor 4008. Relay 4023
does not operate in this circuit, being shunted
by the operating circuilt of relay 3311, With relay
3311 operated, a circult is closed from battery

and the Aifth

" through the winding of relay 3407, upper con-
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tact of relay 331, conductor 332, inner upper
back contact of relay 3410, second lower front
contact of relay 3308, conductor 3313, through
cable 21186, third left front contact of relay 2012,
third lower contact of relay 2088, conductor 2020
through cable 2018, cross-point 2433, conductor
2439, through cable 2436, lowermost front con-
tact of off-normal relay 281, outer lower front
contact of relay 208, upper back contact of relay
180, conductor 112 to ground at the fourth upper
front contact of rélay 202. ) :

If this circuit is closed in the sender, relay 3407
operates, locking over its inner upper front con-
tact to its operating circuit at conductor 3342, in-
dependent of relay 3311, Relay 3407 opens the
circuit of lamp 3500 and the operating circuit of
relay 3311, permitting relay 4023 to operate.
Relay 4023, at its uppermost contact, closes a
circuit. for incoming brush lamp 4024 to grounded
conductor 40808. )

Before starting the test, the numerical keys
of Figs. 32 and 39 are operalted in accordance
with-any designation for which it is desired to
test the senders. ‘Assume, for example, that keys
3912, 3227, 3232 and 3943 have been operated.
This number is transmitted to the sender by
means of revertive pulses in terms of incoming
and final selections. :

When relay 3407 operated it closed a circuit
from battery through the winding of relay 4008,
lower front contact of relay 4007, normal con-
tact of key 33195, outer upper front contact of
relay 3407, conductor 3411, uppermost back con-
tact of relay 3314, middle upper front contact of
relay 4023 to grounded conductor 4008, Relay
4008 locks over its operating circuit independent

of relay 4007. It also connects ground to con- _

ductor #4028 for locking certain of the counting
relays. In addition, it closes the dialing circuit

. which may be traced through the revertive pulse

70

{1

test circuit from conductor 3412, middle left con-

tact of relay 3405, lowermost back contact of

relay 3408, resistance 4108, upper normal contact
of key 4110, winding of stepping relay 4026, wind-
ing of relay 4111, parallelled by resistance 4112
and the middle lower back contact of relay 4108,
upper back contact of relay 4027, upper back con-
tact of relay 4108, outer upper front contact of
relay 3302, back contact of relay 4017, outer lower
contact of relay 4009, lower normsal contact of
key 4110, resistance 4113, outer upper back con-
tact of relay 3402, inner upper back contact of

2,325,088 _

relay 3408, inner right front contact of relay 34035
to conductor 3413,

Outside the revertive pulse test circuit, the dial-
ing circuit may be traced over conductor 3412,
through cable 2718, fourth lower front contact

of relay 2009, conductor 2021 through cable 2015,

contact of cross-point 2433, conductor 2440
through cable 2438, inner lower front contact of
relay 201, upper back contact of relay 206, wind-
ing of relay 713 and ground. Conductor 3413 ex-
tends through cable 2716, third upper contact of
relay 2009, conductor 2022 through cable 2018,
contact of cross-point 2433, conductor 2441
through cable 2436, inner upper front contact of

* relay 201, upper normal contact ‘of relay 213,
. lower normal contact of relay 214, upper front

contact of relay 207 to battery through the wind-
ing of relay 302 in parallel with battery through
resistance 303 and with battery over the back

contact of relay 305 and resistance 304.

-With the dialing circuit closed in the test cir-
cuit, relay 302 operates, closing a circuit over
its front contact, outer right back contact of
relay 306, middle upper front contact of relay
301 to the winding of relay 308 and battery.
Relay 308 operates and locks under the control
of relay 302 and disconnects battery through
resistance 304 from the dialing circuit to im-
prove the operation of the test circuit stepping
relay. - Relay 308 also closes an obvious circuit
for relay 806, which locks ovar its inner left
front contact to ground at the lower front con-
tact of relay 301. With relays 308 and 306 op-
erated, ground connected over the inner right
back contact of relay 308 and the right back
contact of relay 3085 to conductor 307 in shunt
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of the winding of stepping relay 748 is removed, -

permitting that relay to operate. Therefore, at
the start of dial pulsing, relays 302, 713, 305 and
306 of the sender are operated. Relay 306 in
operating opens the holding circuit of relay 301
which releases, at the same time releasing se-
lect magnet 904.

In the test circuit relay 411 does not oper-
ate, being polarized, but relay 4026 operates,
closing a circult from ground over its contact,
back contact of relay 4018, back contact of relay
4011, inner upper back contact of relay 4022,
inner upper front contact of relay 4023 to the

inner left contact of key 3812, inner upper back

contact of relay 334, upper front contact of
relay 4007 to the winding of relay 4001 and bat-
tery over conductor 3303. Relay 400{ operates,
locking through the winding of relay 4011, front
contact of relay 4001, back contact of relay 4006,
to ground over conductor 4025. Relay 4811 does
not operate, being shunted by the operating cir-
cuit of relay 4001 as long as relay 4026 remains
operated.

When- relay Ti3 operates, it closes a circuit
from ground over the upper front contact of
relay 108, front contact of relay 113, lower front
contact of relay 705 to the winding of relay 115
and battery. Relay T15 connects ground over
its upper front contact to the winding of relay
302 to hold that relay operated and in shunt of
the stepping relays of the sender and test cir-
cuit. At its lower front contact, relay 115 con-
nects ground over the auxiliary contact of jack
718, conductor T{1, left back contact of relay
308 to battery through the winding of relay 3(1.
Relay 311 closes a locking . circuit for itself from
ground at the outer right front contact of relay
308, left front contact of relay 311, back contact
of relay 309, right winding of relay 308, winding
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_of relay 311 and battery, but relay 308 does not

operate, being shunted by the operating circuit
of relay 341.

‘Due to the shunting of its winding, relay 713
releases, in turn releasing relay 716 and open~

ing the shunt around relay 308, which now op-

erates.

The release of relay 115 permits relay T3 to
reoperate, in turn reoperating relay 1715 which
recloses the shunt circuit for the second pulse.

The pulsing circuit for the second pulse extends

over conductor T11, left front contact and wind-
ing of relay 308 to battery through the right
winding of relay 309. Relay 309 operates and
holds relay 308 operated but relay 811 is re-
leased. - A locking circuit for relay 308 which
extends from battery through its left winding
and left front contact, and the right front con-
tact of relay 311 to ground at the contacts of
relays 305 and 396 blocks the pulsing if relay 3t
does not release. When relay 115 releases at
the end of the second pulse, relays 308 and 309
release, leaving these relays in their normal con-
dition, ready for additional pulsing. :

With relay 308 normal, ground is connected
over the middle and inner right front contacts
of relay 308 and the inner left front contact of
relay 305 in parallel over the outer right arma-
ture of relay 308 and its back contact to con-
ductor 312. When relay 308 is operated, this
same ground is extended over the inner right
armature of relay 308 and its front contact to
conductor 313. Relay 308 is operated following
odd pulses and normal following even pulses.
Ground on conductor 313 during the first pulse
completes’ a circuit over the left back contacts
of relays 328 and 322, right back contacts of re-
lays 323 and 325 to the winding of relay 321 and
battery. Relay 321 locks over its own inner
right contact, normal contacts of relays 322, 323,
324 and 325, conductor 3217, to ground over the
normal contact of relay 301 and conductor 219.
. Ground on conductor 312 from the second
pulse operates relay 322 over the frong contact
of relay 821.  Relay 322 locks to the above chain
circuit, releasing relay 321. In a similar man-
ner, successive pulses operate relays 323, 324,
325 and 326, relay 325 locking under the’ control

of relay 321 and relay 326 locking to conductor -

321 independent of the other relays. Succeed-
ing pulses nperate relays 321 to 324 a second
time. With relay 326 normal, relays 321 to 325
close circuits for operating select magnets 900
to 904. Relay 325 operated with relay 326 pre-
pares the circuit for select magnet 405, while,
with relay 326 operated, relays 321 to 324 pre-
pare circuits for magnets 406 to 409.
Returning to the test circuit, since relay 4026
operated relay 4001, the release of relay 4026, in

response to the first revertive pulse, permitted ~

relay 4011 to operate. With relay 401t oper-
ated, the reoperation of relay 4026 closes a cir-
cuit as above to the armature of relay 4011 and
its front contact, upper back contacts of relays
3316 and 3311, conductor 3318, winding of relay
4000 to battery over conductor 3303. Relay 4000
closes a locking circuit for itself through the
windings of relays 40i0 and 4017 in parallel,
front contact of relay 4000, back contact of re-
lay #4006 to grounded conductor 4025. When
the next pulse is received, relays 4010 and 4011
operate in this locking circuit. Relay 4017 opens
the dialing circuit, causing stepping relay 4026
of the test circuit to release as well as relays. 302
and 113 in the sender, thereby stopping pulsing

9

after two revertive pulses have been transmitted.
Relay 4010 closes a circult from grounded con-

ductor 4008, front contact of relay 4010, con-

ductor 4028, inner lower back contacts of relays
3406 and 4108, lower back contacts of relays
4019, 4020, 4021 and 4022, outer lower front con-
tact of relay 4023 to the winding of relay 3309
and battery. Relay 3309 closes a locking cir-
cuit for itself through the winding of relay 4022,
outer lower front contact of relay 3309, upper
back contact of relay 4021 to grounded conduc-
tor 4008. Relay 4022 does not operate until re-
lay 4010 releases. Relay 3309 closes an obvious
circuit for relay 33i4. Relay 3314 opens the
locking circuit of relay 4009, causing that relay to
release and remove ground from conductor 40285,
releasing the counting relays 4000, 4001, 4010,
4011 and 40i71. Relay 4009 also further opens
the dial pulsing circuit.

Relay 4010 in operating opened the operating
circuit for relay 3302. With relay 3302 released,
the dial pulsing circuit is further opened and
ground through condenser 3313 is connected
over the upper back contact of relay 3302, lower
winding of relay 3304, middle right front con-
tact of relay 3405, right normal contact of key
3305 to battery over conductor 3404 and the in-
ner right front contact of relay 3400. Relay
3304 operates on the charging current of con-
denser 3319 which will decrease as the condenser
becomes charged until the relay finally recloses
its contact.. Therefore, relay 3304 holds the cir-
cuit of relay 3302 open faor s measured interval,
at the end of which time relay 4010 should have
released, reclosing the circuit of relay 3302. The

. purpose of this timed release period for relay
3302 is to test the ability of the sender to ad-
vance to the next selection within that time.
This action takes place between each selection.
Key 8305 varies the resistances in the circuits
of relay 3304 so as to test the sender both for a
minimum opening of the dial pulsing circuit and
for a maximum length of opening. When the
test circuit opened the dial pulsing circuit, relay
322 had been operated during the transmission
of the second revertive pulse. The release of re-
lay 302 in turn releases relay 305, and relay 306
also releases if relay 301 has released following
the frame registration. With relay 306 released,
a circuit is closed from ground at the upper back
contact of relay Ti8, conductor 719, lower normal
contact of relay 301, right back contact of relay
326, inner left back contact of relay 306, outer
left front contact of relay 322, winding of select
magnet 901, winding of relay 970 to battery.
Select magnet 901 extends its operating ground
to the winding of relay 301 as described for frame
registration. Relay 301  locks under the con-
trol of relays 218 and 306 and releases relay 322.

When relay 301 previously released, it per-
mitted relay 211 to operate in the locking cir-
cuit of relay 208. Relay 301 now connects ground
from the conductor 215 over its uppermost front
contact, and the front contact of relay 2 iT to re-
sistance 209 in shunt of the winding of relay
208, causing that relay to release but holding re-
lay 217 operated. With relay 208 released and
relay 217 operated, & circuit is closed from bat-
tery through the winding of hold magnet aill,
pback contact of magnet 413, outer upper front
contact of magnet 410, conductor 414, lower back
contact of relay 208, lower front contact of re-
lay 211, through the windings of relay 218 to
battery and grounded conductor 219. Magnet
411 operates, closes cross-point 91f, and locks
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over conductor 415 through cable 416 to ground
at the fourth upper front contact of relay 201.
This locking ground, as before, operates relay
218. ‘'When the pulsing circuit is reestablished
and relay 308 operates, relay 301 is released.
When relay 801 releases, relay 21T also releases.

When relay 4010 releases, relay 4022 operates
In the locking circuit of relay 3308 and releases
relays 3311 and 4023. With relays 3314 and 4022
operated, ground from conductor 4008 is con-
nected over the upper back contact of relay 4023,
inner lower front contact of relay 4022, outer
lower front contact of relay 3814, lower back con-
tact of relay 3320 to conductor 341§ and thence,

as previously traced, to the winding of relay 4009

and battery. Relay 4009 locks and recloses the
pulsing circuit. Relay 4022 also connects lamp
4029 to conductor 4008 to indicate that incoming
group selection 1is being tested. .

Incoming group, final brush, final tens and
final units selections are made in the same man-
ner as described for incoming brush selection;
relays 3309 and 4022 being operated for incom-
ing group, relays 3320 and 402{ for final brush,
relays 3317 and 4020 for final tens and relays
3306 and 4019 for final units registration. Re-
lays 8321 and 3322 are used In connection with
incoming group registration. Relay 332i is op-
erated 1f an odd thousands key is operated, while
relay 8322 is operated if one of the hundreds
keys 3328 to 3329 is operated. For final tens or
units selections, where more than five pulses are
recelved, relay 4007 releases after relay 4005 has
operated to modify the circuit of relay 4008,

When final units selection has been recelved,
with relays 8316 and 4019 operated, relays 400,
4017 and 4010 operate as before, relay 4011 open-
ing the pulsing circuit. Relay 4010 closes a cir-
cuit from grounded conductor 4008, front con-
tact of relay #4010, conductor 4028, inner lower
back contacts of relays 3406 and 4108, outer low-
er front contact of relay 4019 to the winding of
relay 3409 and battery. Relay 3409 closes a lock-
ing circuit for itself through the winding of re-
lay 4108, upper front contact of relay 3409 to
grounded conductor 4008, but relay 4108 does
not operate until relay 4610 releases in the man-
ner above described. Relay 4108 releases relays
3316 and 4019.  Relay 3409 closes a circult for
lamp 3414 over the upper back contact of relay
3406, outer lower-front contact of relay 3409
to ground on conductor 4101, When relay 4009
reoperates, it recloses the pulsing ecircuit.

In the sender, cross-points 912, 913, 41T and
4{8 have been operated by hold magnets 413,
419, 420 and 421, respectively. At the end of
the final units pulsing, relays 302, 305 and 306
release and reoperate in response to the closure
of the pulsing eircuit in the test circuit. With
hold -magnet 421 operated, the reoperation of
relay 306 closes a circult from ground at the

_outer lower front contact of hold magnet 421,

conductor 422, outer left front contact of relay
306 to the winding of relay 213 and battery.
Relay 213 locks over its outer upper front con-
tact to ground at the third upper front contact
of relay 202. With hold magnet 421. operated,
ground Is connected over its inner lower front

- contact to conductor 307 in shunt of the wind-
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ing of stepping relay 713. When relay 213 op-
erates, the connections of the tip and ring con-
ductors to battery and ground are reversed, the
tip conductor extending over the lower alter-
nate contact of relay 213 to ground at the inner
lower front contact of relay 207, while the ring
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conductor i§ connected over the upper alternate
contact of relay 213 to relay 302, The connec-
tion of ground to the ring conductor over con-
ductor 307 now closes a ¢ircuit for heavily ener-
gizing relay 302. :

Relay 213 closes an obvious circuit for relay
206 which operates slowly, disconnecting ground
from. the winding of relay 302 after an interval,
thereby transmitting a reverse battery pulse to
the test circuit. Relay 208 in operating opens

-the circuit of relay 207. ]
In the test circuit this reverse battery pulse

operates polarized relay 411{ as well as stepping
relay 4026. With key 4104 normal, the test cir-
cuit tests the sender for a minimum reverse
battery interval, while with the key operated it
tests for the maximum allowable interval.

. Assuming first that key 4104 is normaj, relay
4102 is energized In a direction to close its right
contact by & circult from battery. through
resistance 3307, second upper front contact of
relay 3300, conductor 3308, lower back contact of
relay 4108, lower normal contact of key &i04,
upper. winding of relay 4102, conductor 3328, to
ground at the inner upper front contact of relay
330a.

- Its lower winding is included in a circuit from
battery on conductor 3404, inner upper back
contact of relay 4103, outer upper normal con-
tact of key 4104, lower winding of relay 4102,
conductor 4108, inner upper back contact of relay
3309, resistance 33i0, inner upper front con-
tact of relay 3302, condenser 3319 to ground.

Prior to the operation of relay 411, the lower
winding of relay 4102 is grounded over a circuit
which extends in parallel from conductor #105
over the lower back contact of relay 4108, or over
the lower back contact of relay #10§ and the
middle upper back contact of relay 4103, to the
upper back contact of relay 4108, right contact
of relay 4114, right contact of relay 4102 to
ground over conductor 4018. The operation of
relay 4111 opens this direct ground and permits

‘condenser 38318 to charge to measure a time in-

terval prior to the closure of the left contact of
relay 4102, If the reverse battery is removed

25
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40

by the sender circuit before relay 4102 closes its

left contact, the release of relay #4111 recloses the
direct ground, relay 4102 cannot operate and the
test is blocked.

If the reverse battery remains long enough,
relay 4102 closes a circuit from ground on con-
ductor 4018, left contact of relay 4102, inner lower
back contact of relay 4103, inner upper normal
contact of key 4104, lower front contact of relay
3407 to the winding of relay 3406 and battery.
Relay 3406 locks over its inner lower front con-
tact to grounded conductor 4018. Relay 3406
also opens the circuit of lamp 3444 and extends
the lamp circuit over its outer upper front con-
tact, outer upper back contact of relay 3416 to
lamp 3502 and battery.

Assuming, on the other hand, that key 4104 is
operated, the circult through the upper winding
of relay 4102 is extended through resistance 4114,
while the circuit of the lower winding of relay
4102 is extended through resistance 4116 in order
to make relay 4102 more slow-acting. The cir-
cuit in shunt of condenser 3319 is the same as
before. With key 4104 operated, the closure of
the left contact of relay 4111 completes a circuit
from grounded conductor 401 8, right contact of
relay 4102, left contact of relay 4111, inner lower
operated contact of key 4104, winding of relay

60
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4106 and battery. Relay #4108 locks over its
lower front contact to conductor 4018,

Relay #4111 should reclose its right contact be-
fore relay 4102 opens its right contact, in which
case the ground as above trvced is extended over
the right contact of relay #4:1{, upper front con-
tact of relay 4106 to the winding of relay 3406
and battery, relay 34066 locking as before de-
scribed.

If the sender does not cut off the reverse bat-
tery soon enough, the operation of relay #102 dis-
connects ground from the armature of relay &11(
and blocks the test.

Assuming that relay 3406 has heen properly
operated, the test circuit prepares to test the
trunk closure circuit. Relay 3406 disconnects
the tip and ring conductors from relays 4026 and
&111 and extends the tip conductor over its mid-
dle upper front contact to ground through the
winding of relay 3417 and the ring conductor
over its outer lower front contact to the lower

. armature of relay 3418.

In the sender, the release of relay 207 ter-
minates the reverse battery pulse and starts the
release of relay 203. The release of relay 208
connects the tip conductor over the outer upper
back contact of relay 203, lower front contact
of relay 204 to battery through ballast lamp 20§
to awalt trunk closure. It also connects the ring
conductor over its inner upper back contact and
the middle upper front contact of relay 204
through resistance 221 to battery for the purpose
of discharging the interoffice cable from the re-
verse pulse. Relay 203 also disconnects ground

85 from conductor 24389, thereby opening the oper-

40,

ating circuit for relay 3401.
Relay 3417 operates in response to the battery
connected to the tip conductor, and, with relay

3407 released, closes a circuit from battery

through the winding of relay 3410, upper front

" contact of relay 3417, to ground at the upper
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back contact of relay 3407. Relay 3410 locks
under the control of relay 3400 in a circuit from
battery through its winding, outer right front
contact of relay 3400 to ground at the middle
lower contact of relay 3410. Relay 3410 also
closes a circuit from ground over its inner lower
contact, lower back contact of relay 3419, to the
upper winding of relay 3418 and battery. Relay
3418 operates and connects ground from the
inner lower front contact of relay 3410, lower and
upper back contacts of relay 3419, lower front
contact of relay 3418 to the ring conductor.
Relay 3410 also closes a circuit from ground at
its inner lower contact through the lower wind-
ing of relay 3418, upper back contact of relay

- 3419 to the upper winding of relay 3418 and bat-

tery, but the lower winding of relay 3418 is
shunted over the lower contact of relay 3419,

The ground connected to the ring conductor.
being in shunt of the winding of relay 204, causes
relay 204 to release. Relay 204, in releasing,
disconnects battery through resistance 221 from
the ring conductor, and battery through ballast
lamp 205 from the tip conductor. It also con-
nects at its inner lower back contact battery
through lamp 205 over the lower back .contact
of relay 203 and the outer lower front ¢ontact
of relay 201 to conductor 2439 which extends,
as previously traced, to conductor 3313. In addi-
tion, relay 204 closes & circuit from ground con-
ductor T03, upper back contact of relay 120, outer
lower back contact of relay 204, through re-
sistance 121, in parallel with battery through re-

sistance 722 and thence over the outer upper
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back contact of relay 704, to the winding of relay
123, conductor 724, through cable 2436, contact
of cross-point 2433, conductor 2442 through
cable 2018, lowermost contact of relay 2009, con-
ductor 2023, inner lower back contact of relay
2601, conductor 26812, through cable 2716, fourth
right contact of relay 3400, back contact of relay
4117, lower back contact of relay 4118, outer up-
per front contact of relay 3410, outer right front
contact of relay 3405, resistance 3420, middile
upper back contact of relay 3402, upper back
contact of relay 4119, to the winding of relay
3416 and battery. Relay 3416 operates in this
circuit but relay 723 is so polarized that it does
not operate at this time.

The removal of battery from the tip conductor
releases relay 3417. The connection of battery
to conductor 3313 completes a circuit over the
second lower front contact of relay 3300, inner
upper front contact of relay 3410 to the winding
of relay 3418 and ground. Relay 3419 operates,
opening the circuits of relay 3418 and leaving
the lower winding connected between ground at
the inner lower front contact of relay 3410 and
the ring conductor which was extended to the
lower front contact of relay 3418, thereby test-
ing for the removal of battery from the ring
conductor. If relays 3418 and 3417 release and
relay 3419 operates, a locking circuit is closed for
relay 34168 from battery through the winding and
over the inner lower front contact of relay 3416,
back contacts of relays 3417 and 3418 to ground
at the upper front contact of relay 3419. This
locking ground extends back over conductor 2612
to the winding of relay 723, which, being con-
nected to battery through resistance 722, may
now operate. Relay 3416 also opens the circuit
of lamp 38502 and extends the lamp circuit over
its upper front contdct and the lower back con-
tact of relay 3421 to lamp 3503 and battery.
In the sender, the operation of relay 723 closes
an obvious circuit for relay 120 which locks over
its inner upper front contact to grounded con-
ductor 7103. Relay 720 summons s marker by
connecting battery over the lower normal contact
of relay 102, upper normal contact of relay 701,

" lower back contact of relay 118, inner lower front

contact of relay 120, to conductor 125 which ex-
tends through cables 726 and 812 to the marker
connector, winding of relay 1000 to ground. Re-
lay 1000 closes a circuit for multicontact relay
1081 from battery on conductor 12§, outer right
back contact of relay 1002, winding of multi-
contact relay 1001, outer left front contact of
relay 1000, outer left back contact of relay 1003
to ground. Relay 1001 connects the sender to
the cross-wires of the connector and extends bat-

tery from conductor 725 to conductor 1004, left:

back contact of relay 1005, to the winding of
relay 1008 and ground. Relay 1006 operates
multicontact relay (007 completing the connec-
tion of the sender to the marker.

When relay 3400 operated, it connected ground
over its second left contact, conductor 3422
through cable 3423 to the winding of relay 2800
and battery. With relay 2800 operated a circuit
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is closed from battery through the winding of .

relay 2821, middle right contact of relay 2800,
to ground over conductor 1913. Relay 2800 con-
nects ground to conductor 2610 through cable

70

2802, inner left back contacts of relays 2519 to-

2515, and 1814 to 1811, inner left front contact
of relay 1810, conductor 1832, contact of relay
1701, conductor 1720 through cable 1721, to the
marker connector and over a contact of the

75
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multicontact relay 1001 individual to the sender
under test, and relay 1007 individual to the. se-
lected marker to conductor 1008, to battery
through the winding of relay 500 in the marker.
Relay 500 operates, locks and connects the
marker with the test circuit. It also indicates
to the marker that it has been seized ‘on a sender
test call by disconnecting battery from conductor
501 which prevents the operation of a five-
hundred block relay and therefore the selection
of a number group.
Relay 500 also indicates to the test circuit that
the marker has been seized by connecting ground
to conductor 502, which extends through the
13 marker connector, over contacts of relays 007
and {00{, conductor 1008 through cables 872,
126 and 2436, contact of cross-point 2433, con-
ductor 2443, through cable 2015, inner upper
front contact of relay 2009, middle right front

20 contact of relay 2012, conductor 2024, right con-
tact of key 2500, conductor 2533 through cable
2802, to the winding of relay 2803 and battery.
Relay 2803 closes an obvious circuit for relay
2804 which operates and locks over its lower

23 front contact and conductor 2828 to ground at
the middle left contact of relay 2808.

With relay 500 operated, the test circuit reg-
isters 2200, 2210, 2220, 2900, 29180 and check
relays 292!, 2822 and 2928 are connected in par-

30 allel with the registers of the marker which are
not shown. The operated cross-points of the
sender, connect direct ground to the conductors

B> I
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necessary for transferring the recorded designa--

tion. When relay 2800 operated it grounded
33 conductor 2805 thereby completing s circuit over
the back contact of relay 2924, conductor 2928,
back contact of relay 2100, conductor 2i0f to
the winding of relay 2925 and battery. Relay
2925 connects ground to conductors 2927, 2928
40 8nd 2929 operating relays 2921, 2922, and 2923
which are connected to conductors 2929 2928 and
2921, respectively. These conductors extend
ground through the marker connector to the
closed cross-points and over them to the con-
45 ductors not employed in transferring the desig-
nation.
By way of example, the circuits controlled by
the incoming brush cross-point 911 will be traced
in detail. At the left contact of cross-point 811,
50 direct ground is connected to conductor 873
through cable 972, through the marker connector
to conductor 1010, front contact of relay 500, con-
ductor 503, cavle 504, winding of relay 2202 and
battery. The inner contacts of cross-point 81
55 receive ground over conductor 1012, cable 972,
through the marker connector to conductor 506,
contact of relay 500, conductor 2928, cable 504
and the inner lower contact of relay 2825. The
left inner contact extends this ground over con-
80 ductor 974, cable 812, through the connector to
conductor- 1014, contact of relay 500, conductor
508, cable 504, winding of relay 2204 and battery.
The right inner contact extends this ground over
conductor 915, cable 972, through the connector
¢5 to conductor 1015, contact of relay 500, conductor
509, cable 504, winding of relay 2208 and battery.
The circuit of the fourth relay of register 2200 is
under the control of the incoming group cross-
point 812 and may be traced from battery through
70 the winding of relay 2201, conductor §10, cable
504, contact of relay 500, conductor 1016, through
the marker connector to conductor 978, cable 972,
“left contact of cross-point 912, conductor 1013,
cable 972, conductor 507, contact of relay 500,
"8 conductor 2929, cable 504 to ground at the upper

"~ are operated. Relays 2921,
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contact of relay 2925. Therefore, the four relays
2202, 2204, 2208 and 220§ of the thousands reg-
ister are operated. In a similar manner, all of the
relays of the hundreds register 2210, tens register
2220, units register 2800 and frame register 28§ 5
2922 and 2923 are
also-operated. In addition, relay 2930 is operated
over conductor 283¢, cable 504, contact of relay
500, conductor 5§, through the marker connec-
tor, conductor 10t7, cable 972, conductor 1011, 10
cable 9712, through the marker connector, conduc-
tor 505, contact of relay 508, conductor 2927,
cable 504 to ground at the outer lower contact
of relay 2925.

With all of these relays operated; a chain cir- 15
cuit is closed from battery through the winding
of relay 2924, front contacts of relays 2923, 2922,
292i, 2930, 2920, 2915, 2914, 2912, 2911, 2901, 2302,
2904, 2906, 2225, 2224, 2222, 2221, 2211, 2212, 2214,
2215, 2204, 2208, 2204, 2202, back contact of relay 20
2806, conductor 2807, cable 504, contact of relay
500, conductor 512, front contact of relay {005, to
ground over a contact of multi- contact relay (081
in the marker connector.

Relay 2924 operates if this chain clrcuit is com- o5
plete locking over conductor 28087.  The operation
of relay 2824 opens the circuit of relay 2925, which
releases, removing ground from conductors 2927,
2928 and 2928. The removal of this ground per-
mits the register relays operated thereover to re- 20
lease, as well as relays 2921, 2922, 2923 and 2930,
provided no false grounds or cross-connections
exist in the wiring between the sender and the
marker or between the sender and the fest cir-
cuit.

Similar operations take place in the marker and
must be successfully completed there to complete-
ly remove ground from conductors 29217, 2928 and
2929 and to permit the release of the above-men—
tioned relays.

When this takes place, a circuit is closed from 40
grounded conductor 2805, upper front contact of
relay 2924, back contacts of relays 2923, 2922 and

- 2921 to the winding of relay 2808 and battery.

Relay 2808 operates slowly, to allow the release
of all register relays which should release, and 48
then closes a circuit for relays 2809, 2100 and
2102 in parallel. These relays close individual
locking circuits for the register relays, thereby
locking in the information transmitted from the
sender to the marker. From the circuit above 850
traced and an inspection of the drawings, it will
be apparent that the following register relays are
operated and locked: 2202, 2212, 22!5 2224, 2225,
280f, 2902 and 2914.

The operation of relays 2809, 2100 and 2102 &5
closes a circuit from battery through the winding
of relay 2103, left back contacts of relays 2104,
2105, 2106, 2810, 2814, 2812, 2813, front contacts

~of relays 2102, 2100, 2809, and 2804, conductor

2814 through cable 3423 to ground at the outer 60
upper back contact of relay 4118. Relay 2103 is
also slow to operate to allow all register locking
circuits to close before releasing the sender.

Relay 2103 closes a circuit from ground at the
inner left front contact of relay 2803, conductor 65
2815, front contact of relay 2103, conductor 2107
through cable 504, contact of relay 500, conductor
513, through the marker connector to conductor
1018, through cables 912 and 7126, back contact
of relay 121, winding of relay 102 and battery. 70
Relay 102 operates and locks over its lower front
contact to grounded conductor 703. With relay
702 operated, battery is disconnected from con-
ductor 125, thereby releasing the marker connec-
tor of Fig. 10 and the marker itself. Relay 500 is 78
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also deenergized, disconnecting the marker from
the sen-er test circuit.  With relay 500 released,
the loc dng circuit of relay 2924 is opened and
that relay releases; preparing the test circuit for
checking - the registrations veceived from the
sender with those which were used in setting the
sender. :

Relay 2924 in releasing closes a circuit from
grounded conductor 2805, back contact of relay
2924, conductor 2926, lower front contact of relay
2100, winding of relay 2104 to battery.

At the time that relays 292f and 2911 were
operated in closing the chain circuit, they com-
pleted a circuit from grounded conductor 2814,
outer right contact of relay 2800, outer lower
front contact of relay 2911, inner lower front
contact of relay 2921, normal contact and wind-
ing of relay 2816, resistance 2817 to battery. Re-
lay 2816 operates and locks over its lower alter-
nate contact and the contact of relay 2800 to
grounded conductor 2814. At this alternate con-
tact, it also closes a circuit from battery through
resistance 2819 and the winding of relay 2818 to
ground, as above traced, but relay 2818 does not
operate being shunted by the operating ground
for relay 2816.  Relay 2816 in operating connects
ground over its upper front contact, conductor
2820, cable 3423, inner upper front contact of
relay 3406, upper winding of relay 3421 and bat-
tery. Relay 3821 locks in a circuit from battery
through its lower winding and inner lower front

contact, to grounded conductor 4018. With re-

lay 3421 operated, the lamp circuit is disconnected
from lamp 3503 and extended over the outer
lower front contact of relay 3421, conductor 3424,
cable 3423, lower back contact of relay 2806, left
back contact of relay 2108 to lamp 2119 and
battery.

With relay 2108 operated, as above described,
the registration of the thousands digit on regis-
ter 2200 is checked against the sefting of the
thousand keys of the revertive pulsing circuit. It
will be remembered that thousands key 3812 was
operated. Relay 2014 transfers the ground used
for operating relay 2103 to conductor 2108, which,
with relay 2202 correctly operated, extends over
the back contact of relay 2208, upper back con-
tact of relay 2201, outer upper back contact of
relay 2204, outer upper front contact of relay
2202, conductor 2226 through cable 2932, to lamp
3902 arid battery and over the outer left contact
of key 3912, conductor 3951 through cable 38562,
inner right contact of relay 2821, right back
contact of relay 2105 to the winding of relay
2{08 and battery. Relay 2108 locks over its
outer right contact to ground at the 8th upper
contact of relay 2100, opens the circuit of lamp
2119 and extends its locking. ground over the
left back contact of relay 2110 to lamp 2411 and
battery. A branch of this circuit extends to the
winding of relay 2105 which operates to transfer
the checking circuit to the hundreds register 22190.

In & similar manner the remaining digits are
checked and relays 2110, 2106, 2112, 2810 and
2823 are operated and the corresponding lamps
lighted. If the setting of a register is such that
a lead is grounded, which does not correspond
to the operated key in the corresponding row, no
circuit will be provided for the check relay and
the test circuit will block. The lamp, of Fig. 21
or 28 will indicate the digit being checked and
the lamp of Fig. 32 or 39 will indicate the setting
of the register.

At the end of the check of the numerical regis-
tration relay 2811 is operated and the units digit
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of the frame registration is checked against the
setting of the frame keys of Figs. 31 and 38,
operating relay 2824 which in turn operates relay
2812, 'The operation or non-operation of the
tens frame relay 2920 is then checked agalnst
;;eirss 3810 and 3811, operating relays 2825 and

813. . . :

The operation or non-operation of the reorder
relay 2930 -is then checked against key 2933.
With a full mechanical sender the key is never
operated and therefore the circuit in the present
case extends from ground, as previously traced
to the left armature of relay 2813, front contact
of that relay, back contact of relay 2930, normal
contact of key 2933, outer left contact of relay
2821, right front contact of relay 2813 to the
winding of relay 2826 and battery. Relay 2826
locks to ground over its outer right contact and
the sixth upper contact of relay 2100, and ex-
tends its locking ground over conductor 28271 20
through cable 3423, upper front contact of relay
3421, conductor 3826, through cable 2118, upper
back contact of relay 1906, conductor 1921, right
normal contact of key 2713, inner left normal
contact of key 2712, winding of register 261{ to 25
battery to advance the test circuit to the next
sender.

In the sender, the operation of release relay
102 in addition to releasing the marker, locks to
off-normal ground on conductor 703, and dis- 80
connects that ground from the locking circuit of
relay 201. Relay 20f does not release immedi-
ately, being held by a circuit which extends over
conductor 222 through cables 725 and 912 to
ground at a contact of multicontact relay 1001 85
of the marker connector.

‘When the marker connector releases, relay 201
releases, followed by relays 202 and 208, if oper-
ated. The release of relays 201 and 202 permits
all of the remalining relays to release and restore
the sender to normal. It also removes ground
from conductor 2435 over which the magnets of
the sender link are normally held.

In the test circuit, the operation of register
2611 closes a circuit from ground over itc con-
tact, over the outer left normal contact of key
1901, to the winding of relay 1914 and battery.
Relay 1814 closes an obvious circuit for relay
1908. Relay 1908 in operating opens the circuits
of relays 2012 and 2009, while relay 1914 opens
the locking circuit of relay 2605. Relay 2012 ‘n
releasing disconnects ground from conductor 2019,
thereby releasing relay 3400 and the revertive
pulse test circuit. Relay 3400 in turn disconnects
ground from conductor 3422, releasing relay 2800
and the register check circuit.

The release of relay 2800 disconnects ground
from conductor 3826, releasing register 2611 and
relays 1914 and 1908. With relays 1908, 1914 and
2605 released, ground is connected over the inner
front contacts of relay 2600, normal contacts of
relay 2605, inner upper back contact of relay
1914, lower back contact of relay 1908, lower front
contact of relay 2004, to resistance 200( and bat-
tery, in shunt of the winding of relay 2000, there-
by releasing that relay.

With relay 2000 released, relay 2005 also re-
leases. At its upper back contact, relay 2000 con-
nects ground from conductor 1916 to conductor
2025 which is connected over the back contacts
of the even-numbered hold magnets 24(8, etc.,
outer lower front contact of relay 2410 to the
windings of hold magnets 2401 and 24{i. The
operation of these hold magnets causes the cross-
points corresponding to the operated select mag-
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net, in this case select magnet 2420 and there-
fore cross-point 2444, to close, connecting the
leads of the second sender to the test circuit.
Magnet 2401 also connects ground to conductor
2445 which extends through cable 2438 to the
winding of relay 811, which operates and lights
lamp 1821, . -

Magnets 2401 and 241 extend their operating
ground over their inner lower front contacts, con-
ductor 2446, normal contact of relay 2006, outer
upper front contact of relay 2004, lower winding

of relay 2605 and. battery. Relay 2605 operates,

locking and performing the functions previously
described. In this case, however, with relay 2000
released, the operation of relay 2605 permits relay
2004 to release.

With relay 2004 released, ground from con-
ductor 1917 is connected over the inner upper
normal contact of relay 2004 and the normal con-
tact of relay 2008 to conductor 2446 to lock the
hold magnets 2401 and 241i. By releasing, relay
2004 disconnects ground from the locking circuit
of hold magnets 2400 and 2410 opening cross-
point 2433 and releasing relay 1810.

The test of the second sender proceeds in the
same manner as the test of the first sender except
that relay 2010 is operated in place of relay 2009
and at its completion register 2611 is operated,
operating relays 1914 and 1908. These relays
restore the circuit to normal, at which time relay
2000 is reoperated to operate the next pair of
hold magnets. The advance from one hold mag-
net to the next is accomplished in the manner
described above.

. Test of “B” sender

The cross-point 2449 closed when hold magnets
2409 and 2419 are operated, is shown connected
to the B-type sender of Figs. 12, 13 and 14. The
operation of hold magnet 2409 operates relay
2519,

The connector circuit functions as in the case
of a full mechanical sender, causing, as previ-
ously described, relay 3700 to be operated, in turn
operating relay 3101. Relay 3700 prepares the
connection from relay 3707 to conductor 3710 for
busy test purposes. Since the sender selected is
a “B” sender, & circuit is completed, as soon as
the cross-point is closed, from battery through
resistance 2607, conductor 2608, outer upper front
contact of relay 2010, conductor 2030 and the
outer left contact of cross-point 2449 which is
connected over conductor 2450, normal contact
of key 2026, conductor 2027, through cable 2718,
through the winding of relay 3005 to ground.

As before, the connector circuit operates relay
3702, which functions as before. If the sender
group circuit is idle, relay 3704 operates in & cir-
cuit from battery at the innermost right contact
of relay 3102, winding of relay 3104, outer right
back contact of relay 3705, conductor 8706, third
upper front contact of relay 3005, conductor
3034, through cable 3008, contact of relay (701,
conductor 1722 through cable 1728, lower back
contacts of the sender test relays 1109, 1107, 1105,
etc., conductor 1121 to ground at the back con-
tact of relay 620. With relay 3704 operated, the
connection between relay 3707 and conductor
8716- is completed, conductor 37i0 extending
through cable 2710, back contact of relay 2012,

‘second upper front contact of relay 2010, con-

ductor 2032, through cable 2031, contact of cross-
point 2448, conductor 2451, through cable 2452 to
test for make-busy battery which might be ap-
plied over the lower back contact of relay 1200,

“lays 3714 and 3715.
over a contact of relay (109 and prepares the
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conductor 1201, through cable 1202, right con-
tact of relay 15080 and resistance 1501.

Assuming that the sender is not made busy,
relay 3707 does not operate and relay 3700 re-
leases, its circuit having been opened by relay
3704, With relay 3700 released, conductor 3740
is connected to the winding of relay 37(1 and
battery to test whether the sender is busy in
service, in which case conductor 8710 is ground-
ed by.the connection of ground to conductor 2451

Assuming that the sender is idle, relay 371/
does not operate.. The release of relay 3700
opened the circuit of relay 3101 and when relay

3101 releases, relay 3010 is operated to start fur- ]

ther tests. If the group of B senders is busy,
the sender busy relays including relays (118,
{117 and 1119 are all operated and a circult is
closed from ground over the outer lower front
contacts of relays (119, 1117, {118, etc., to the
winding of relay 621 and battery. Relay 621
connects battery over its upper front contacts to
conductors 628, 629, etc., which extend through
cable 1723, over contacts of relay 1761, conduc-
tors 1127 and 1128 through cable 3008, right back
contact of relay 3030, uppermost armature of re-
lay 3005 to the winding of relay 30609 and ground,
the operation of relay 3009 holding open the

.circuit of relay 3010. However, if the subgroup is

idle, relay 3009 does not operate, but relay 3010
does, in turn operating relays 3000 and 3030, Re-
lay 3030 connects battery to conductors 1121,
1128, etc., to mark: the group busy to the sender
links. Relay 3714 and 3715 are operated under
the control of relays {115 to 1119 as they were
previously operated under the control of relays
610 to 614, With relays 3714 and 3115 operated,
relay 3713 operates, in turn operating relays 3116
and 3003. With relay 3003 operated the circuit
of relay 3720 extends as previously traced to the
third left contact of relay 3003 from which it ex-
tends over the fourth upper front contact of relay
3005, conductor 3035 through cable 3008, contact
of relay 1701, conductor 1729 through cable 1123,
normal contacts of relays 1105 to 1189 and bat-
tery. Relays 3704 and 3720 extend ground to the
sender preference lead, over a circuit which may
be traced from ground through resistance 3721 ,
as previously traced to conductor 3723, middle
right front contact of relay 2519, contact of relay
1701, conductor 1730 through cable 723, back
contact of relay |18, winding of relay 1109, con-
ductor 2537, to battery. Relay (109 locks in a
circuit from battery over its inner upper front
contact, winding and outer upper front contact,
conductor 825 through cable 1723, contact of re-
lay 1701, conductor 173 and thence as previously
traced to ground at the inner left back contact of
relay 3816. Relay 1109 opens the circuits of re-
Relay 37171 then operates

frame indication, while relay 1109 closes a cir-
cuit from ground at the back contact of relay
620, conductor {121, outer lower back contacts
of relays 1105, 1107, etc., outer lower front con-
tact of relay (109, conductor 1122, winding of
relay 1200 and battery. Relay 1200 extends its
operating ground to the winding of relay 1204,
which cuts through the frame registration leads.

Relay 1109 opens the chain circuits over which
relays 3720 and 3704 were operated and these re-
lays release.  Relay 3Ti{1 operated connects
ground as previously traced to the third and
fourth contacts of relay 3116 and the frame keys.

Assuming that keys 38!1 and 3801 are oper-
ated, the ground extends over the left contact of
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key 3811, second left back contact of relay 3132,
conductor 3141 through cable ${20, contact of
relay 1700, conductor 17131 through cables 1708
and 1132, outer upper front contact of relay 1200,
winding of relay 1208 and battery and over the
left contact of key 3801, inner right back contact
of relay 3132, conductor 3142 through cable 3120,
contact of relay (108, conductor 1738, through
cables 1709 and (132, lower front contact of relay
1204, winding of relay 1208 and battery. Relays
1205 and (208 operate in these circuits, and pre-
pare locking circuits for themselves.

As in the case of the full mechanical sender,
the reiease of relays 3720 and 3704 connects re-
lay 3812 in place of the ground previously con-
nected to the winding of relay 1108, and thence
over the locking circuit of relay 1109 to ground.
Relay 3812 operates, in turn operating relays
3813 and 38i4, and 3705, Relay 3705 closes a
circuit which extends as previously traced from
ground at the outer left front contact of relay
3814 to conductor 2032 and thence over the con-
tact of cross-point.2448, conductor 2451 through
cable 2452, outer lower front contact of relay
1200, conductor 108 through cable 1732, contact
of relay 1781, and then as previously traced from
conductor iT114 to conductor 3124, contact of re-
lay 1701, conductor IT{5 through cables 1709
and (132, second lower front contact of relay
1200 to the winding of relay 1208 and battery.
Relay 1208 operates, closing a circuit from ground
over its outer upper contact, conductor (208,
winding of relay 1119 and battery. Relay (118
operates and connects ground over its inner up-
per front contact, conductor 1124, second upper
front contact of relay 1208, lower front contact

of relay 1206, left back contact of relay 1210,

winding of relay 1211 and battery. Relay 1211
extends its operating ground over its second low-
er contact and the upper back contact of relay
1203 to conductor 245f and over its inner lower
front contact and the inner lower front contact
of relay 1200 to conductor T10. It also, at its
middle lower contact, closes a holding circuit for

5 relay 1208. .

The ground connected to conductor Ti0 ex-
tends through cables 1732 and 1709 and over the
contact of relay 17101 to conductor IT11, operating
relay 3818 to prepare for checking the advance
of the preference lead, which takes place, as pre-
viously described, relay 1118 advancing it to re-
lays 1117 and 1107 as relay 6i0 advanced it to
relays 614 and 604.

The test for cross-connections at the contacts
of relays 1200 and 1204 takes place in the same
manner as the test of the contacts of relays 700
and 704. If these tests are completed satisfac-
torily, ground connected to conductor 3137 oper-
ates relay 2012, which opens the locking circuit.of
relay 3102 permitting the sender group test cir-
cuit to restore to normal.

Relay 2012 also grounds conductor 20(8, which,
with relay 3005 operated is connected over con-
ductor 3036, through cable 3033 to the winding

5 of relay 3504 and battery. Relay 3504 prepares:

the key pulsing test circuit for operation.
Relay 3504 closes a circuit from battery
through the winding of relay 3505, inner lower
front contact of relay 3504, to grounded conduc-
tor 1913 through cable 3507. Relay 3504 also
grounds conductors 3508 to 3512 and connects
the individual leads from the sender to the test
equipment. Ground at the upper normal con-
tact of key 3600, extends over conductor 3801,
through cable 3507, inner right contact of relay

2012, second lower front contact of relay 2010,
conductor 2028 through cable 2031, contact of
cross-point 2449, conductor 2483 through. cable
2452, winding of relay 1300 to battery. Relay
1300 transfers the six conductors, which in serv- 5
ice are connected to the position circuit over
switech 1310, to the key pulsing test circut.

With relay 3504 operated, a circuit fs closed
from battery through the winding of relay 3513, .
uppermost contact of relay 3504, conductor 3401, 10
through cable 3807, outer right front contact of -
relay 2812, second upper front contact of relay
2010, conductor 2032, through cable 2018, contact
of cross-point 2449, conductor 2451, back contact
of relay 1203, second lower front contact of relay 15
§211, left back contact of relay 12(9, lower front
contact of relay 1208, second upper: front contact
of relay 1208, conductor 1124 to ground at the
inner upper front contact of relay (119, If the
circuit is properly closed, relay 3513 operates, 20
locking In a circuit from battery through its
winding, upper back contact of relay 3514, inner
lower front contact of relay 3513, back contact
of relay 3518 to grounded conductor 351f.

With relay 8513 operated, a circuit is closed 29
from battery through the winding of relay 3518,
resistance 3817, lower back contact of relay 3518,

. upper back contact of relay 38519, outer lower

front contact of relay 38513, conductor 2612,
through cable 3607, inner lower back contact of 5°
relay 2601, conductor 2023, outer lower front con-
tact of relay 2010, conductor 2033 through cable
2031, contact of cross-point 2448, conductor 2454,
through cable 2452, winding of polarized relay
213, second upper front contact of relay #2{1,
resistance 1214 and battery. Resistance 1214 is
also connected over the third upper front contact
of relay 1211 and the upper back contact of relay
1218 to ground through resistance 1218. ‘There-
fore, the potential attached to the winding of 40
relay 1213 is approximately one-half the normal
office voltage. This potential is sufficient to oper-
ate relay 3516 but is in the wrong direction to
operate relay {213.

Relay 3516 locks over its lower front contact,
to conductor 3512,

When relay 3504 grounded conductor 3509, it
completed a lamp lighting circuit over the back
contact of relay 3516 to lamp 3502 and battery.
When now relay 3516 operates, it opens the cir-
cuit of lamp 3502 and extends the circuit over its
outer upper front contact and the upper back
contact of relay 3520 to lamp 3500 and battery.
The locking ground of relay 3516 reverses the 55
direction of current flow through relay 1213
which operates and closes a circuit from ground
at the fourth lower front contact of relay (211,
right contact of relay §213, winding of relay 1215
and battery. Relay 1216 operates, locks to the 60
fourth lower front contact of relay 1211 and dis-
connects ground from the winding of relay 1213
leaving that relay operated to ground in the test
circuit.

In addition, at its inner upper front contact, 68
relay 3516 connects relay 3520 to conductor 3313
which extends through cable 3507, third left front
contact of relay 2012, third lower contact of relay
2010, conductor 2034, contact of cross-point 2448,
conductor 2455 through cable 2452, third lower 70
back contact of relay: 1301 to battery through
resistance 1302.

Relay 3520 operates in this circuit, transferring
the lamp circuit from lamp 3500, over the bhack
contacts of relays 3621 and 3602 to lamp 3603 and 7§
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battery. If relays 3516 and 3520 fail to operate

the test will block.

‘The operation of the frame tens relay 1208 as
previously described closes a circuit from ground
at its outer left contact, right hack contact of re-
lay 1210, second lower back contact of relay 1301,
conductor 1301, lower back contact of relay 1211,
left back con*act of relay 1383, inner upper con-
tact of relay {218 to the winding of relay (304
and battery. Relay 1304 prepares the sender to
hunt for an idle operator’s position. To do 8o, it
closes a circuit from battery through the wind-
ing of relay 1308, back.contact of stepping mag-
net §317, which controls switch 1810, outer right
back contact ‘of relay 1308, outer left front con-
tact of relay (304, right back contact of relay
1303, lower back contact of relay 1219, lower nor-
mal contact of relay (218 and thence to ground

- over conductor (307. Relay 1308 connects mag-
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net 1311 to the same ground and the relay and
magnet cooperate to advance switch 1318 if nec-
essary to find an idle position. To identify the
idle position when found, relay 1384 also prepares
circuits for relay 1303, one of which extends from
battery through the right winding of relay 1303,
middie left contact of relay 1304, left winding of
relay 1303, lower back contact of relay 1217 to
ground over conductor 1307. This circuit places
relay 1303 in condition to operate quickly when
the idle position is found. The other circuit
extends from ground through the left winding
of relay 1303 as traced, and thence over the inner
left contact of relay 1304, middle winding of re-
lay 1303, lower back contact of relay 1308, fifth
lower back contact of relay 1301, upper contact
of relay (219, inner upper back contacts of relays
1220 and 1203, to conductor 1221 which normally
extends over the outer left back contact of relay
§300 to brush 1316 of the position finder and
when that finder rests at an idle position, finds
battery at that position.

Since the sender is engaged with a test call
and relay 1300 is operated, conductor-1221 is con-
nected over the outer left front contact of relay
1300 to conductor 1309, through cable 1328, outer
lower back contact of relay 3602 to battery,
through resistance 3604. Relay 1303 therefore
operates immediately, opening the circuits of re-
lays 1304 and 1305, preventing the movement of
switch 1300. Relay {303 locks in a eircuit from
battery on conductor {309, through the middle
winding of relay 1303 as above traced, left front
contact of relay 1303, lower back contact of re-
lay 1217 to ground over conductor 1307,

When relay 1304 releases after an interval, due
to its slow-release character, a circuit is closed
from grounded conductor 1307, lower normal
contact of relay 1218, lower contact of relay 12i9,
right front contact of relay 1303, back contact
of relay 1304 to the winding of relay 1308 and
battery. Relay 1306 locks over the back contact
of relay 1304, right front contact of relay 303,
outer left front contact of relay 1306 to ground
over conductor {307, Relay 1306 at its inner left
contact also extends ground from conductor 1307
to the winding of relay 1218 which also locks to
conductor 1307,

With relay 1218 operated, a .circuit is closed
from battery through the winding of relay 1320,
outer lower front contact of relay 1218, inner
upper back contact of relay 1217, middle lower
front contact of relay 1218 to grounded conduc-
tor 1301. A circuit is also closed from battery
through the winding of relay 1321, inner lower
back contact of relay 12117, outer lower front con-
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tact of relay 1218, and thence over the outer lower
front contact of relay 12185, to ground as traced
for relay 1320.

With relays 1320 and 1321 operated, the conduc-
tor 1325 is extended over the inner left front con-
tact of relay 1300, middle right contact of relay
1321, -inner lower contact of relay 1301, outer
upper back contact of relay 1217, inner lower
back contact of relay 1203, inner left front con-
tact of relay 1320 to battery through the upper jg
windings of relay 1322 and coil 1323. Conductor
1326 is extended over the middle left front con-
tact of relay 1300, outer right front contact of
relay (321, outer left front contact of relay 1320
to ground through the lower windings of relay
1322 and coll 1323. Relay 1322 is differentially
wound and does not operate with current flowing
through both windings. Conductors 1325 and
1326 extend through cable 1328 to the test cir-
cuit.

Relay 1306 in operating also closes a circuit
from battery through the winding and normal
contact of relay 1308, right front contact of re-
lay 1306, outer right front contact of relay 1300,
conductor 1327 through cable (328, inner upper
back contact of relay 8621, outer upper back con-
tact of relay 3602, upper winding of relay 3608,
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resistance 3606 to ground. Relay 1308 should

not operate, since this eircuit imposes a non-op-
erate test on it. If relay 1308 operates falsely, it 3o
blocks the test by transmitting a reorder signal
to the marker. With relay 3605 operated, con-
ductors 1325 and 1326 are connected together
through the winding of relay 3607 and the upper
contact of relay 3605.

Relay 3807 operates, closing a circuit from
ground over its outer upper contact, normal con-
tact of key 3608, winding of relay 3609 and bat-
tery. Relay 3609 locks over its outer upper con-
tact to ground at the outer upper contact of re-
lay 3607. At its lower contact, relay 3607 con-
nects lamp 3610 to the lamp c1rcu1t causing the
lamp to light.

At this time conductor 3611 is connected in the
test circuit over the outer lower back contact of
relay 3621 and the inner upper back contact of
relay 3602 to the winding of relay 3612 and bat-
tery. In the sender, conductor 3611 extends over
the middle right front contact of relay 1300, in-
ner left contact of relay 1321 to the left back con-
tact of relay 1306, but since relay 1306 is oper-
ated, the circuit should be open. at that point.
If a false ground should be connected to this
conductor, relay 3612 operates blocking the test
by preventing the operation of relay 3602.

Assuming that no such false ground exists, the
operation of relay 3609 closes a circuit from bat-
tery through the winding of relay 3602, back
contact of relay 3612, upper front contacts of re-
lay 3609 to ground at the outer upper contact
of relay 3607. Relay 3602 locks over its inner
upper front contact to grounded conductor 35i1,
extinguishes Jamp 3603 and extends the lamp cir-
cuit over the upper back contact of relay 3619 to
lamp 3622. With relays 3609 and 3602 operated,
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‘battery is connected over the lower front contact

of relay 3609, middle upper contact of relay 3615,
resistance 3613, middle upper front contact of
relay 3602, outer lower back contact of relay
3621, to conductor 36if. Battery is also con-
nected over the lower front contact of relay 3608,
inner upper contact of relay 3615, resistance 3614,
outer upper front contact of relay 3602, inner
upper back contact of relay 3621, to conductor
1321. In addition, relay 3602 disconnects bat-
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tery from conductor 1309 permitting relay 1303

of the sender to release. Relay (303 in turn re-

leases relay 1306.

With relay 1306 released, conductor 1327 is ex-
tended over the outer right front contact of re-
lay- 1300, inner right back contact of relay 1308,
outer left contact of relay 1321, inner right con-
tact of relay 1320, conductor i328 through cable
1330, winding of relay 1502, normal contact of
relay 1803, right winding of relay 1504, right
normal contact of relay 1505, 1eft winding of re-
lay 1404, right winding of relay 1401 to ground.
Conductor 361 f is also extended over the middle
right contact of relay 1300, inner left contact of
relay 1321, left back contact of relay 1306, outer
right contact of relay 1820, conductor 13381
through cable 1330, winding of relay 1506, and
thence to ground as traced for conductor 1327.
Relays 1502, 1508, 1504 and 1401 operate in these
circuits, closing a circuit from battery through
the left winding of relay 1503, front contacts of
relays 1502 and 1506, cor.iuctor 1222 to ground
at the lowermost contact of relay §2ii1, Relay
1503 operates and closes a holding circuit for
itself from ground at the outer upper front con-
tact of relay 1211, conductor 1223 through cable
1202, right winding and right alternate contact
of relay 1503, through the windings of relays 1502
and 1508 in parallel to battery, as above traced.
The operation of relay 1503 opens that part of

‘the circuit extending through relays 1504, 1404

and 1401 and these relays release.

Relay 1503 operates the transfer relays to pre-
pare for registration. At its left front contact,
relay 1503 connects ground on conductor 1222 to
battery through the windings of relays 1507 and
{508 in series. Relay 1507 at its left contact locks
relays 1507 and 1508 to conductor 1222 and at its
right contact extends ground from that conductor
to battery through the windings of relays {508
and 1610. Similarly relay 1509 locks and operates
relays 1511 and 1505. Relay 1511 in turn operates
relay 1512 which also locks to conductor 1222.

With relays 1508, 1510 and (505 operated, con-
ductor 1332 is extended over the inner right front
contact of relay 1300, inner right contact of relay
1321, middle right contact of relay 1328, con-
ductor 1333 through cable (330, left winding of
relay 1504, left alternate contacts of relays 1505,
1510 and 1508, left winding of relay 1433, left back
contact of relay 1513 to battery through resist-
ance I5i4. C

The connection of battery to conductor 1332
completes a circuit in the test circuit over the
middle lower back contact of relay 3621, winding
of relay 3618, back contact of relay 3617, con-
ductor 3618, upper back contact of relay 4200 to

ground over conductor 3508. Relay 3616 oper-

ates, locks to conductor 3508 and closes a circuit
from battery through the windings of relays 4201
and 3521, conductor 3522, lower front contact of
relay 3616, inner lower back contact of relay 3621
to ground over conductor 3601. Relay 4201 lights
lamp 4228, while relay 3521 closes & holding cir-
cuit for itself and relay 4201 to conductor 3511
and connects that conductor to the windings of
relays 3523 and 4202 and battery. Relay 3523
locks itself and relay 4202, and operates relays
3524 and 4203. Relay 3524 closes a locking cir-
cuit for itself and relay 4203, and operates relays
3525 and 4204 which are also locked to conductor
35!1. The operation of relays 4201 to 4204 pre-
pares paths for controlling the key pulsing.

The operation of relay 3521 also extends con-
ductor 35i1; over the outer upper front contact

17

of relay 3816, winding of relay 3641, to battery at
the lower front contact of relay 3609. Relay 3617
locks over conductor 3618, opens the operating
circult of relay 3616 and closes a circuit from bat-
tery through the winding of relay 3618, upper
front contact of relay 36(7, conductor 3620, lower .
back contact of relay #£200, to grounded con-
ductor 3809. With relay 3615 operated, battery
is disconnected from conductors 1327 and 3611,
thereby releasing relays (502, (506 and 1503 in

' the sender.

The release of relay 1§03 connects ground on
conductor 1222 over the inner left back contact
of relay 1503, conductor (824, right front contact
of relay 1512 to the winding of relay 1613 and bat-
tery. Relay (513 locks over its inner left con-
tact to grounded conductor 1524. At its outer
left contact relay 1613 disconnects battery from
conductor (332 and connects that conductor to
ground at the outer left back contact of relay
1503. At its inner right contact, relay 1513 con-
nects ground from the outer left back contact
of relay 1503 to the left winding of relay 1403.

The removal of battery from conductor 1332
releases relay 3616 thereby closing a circuit from
grounded conductor 3601, inner lower back con-
tact of relay 3621, back contact of relay 3616,
outer lower front contact of relay 3617, winding
of relay 3619 and battery. Relay 3619 connects
conductors 1327, 3611 and 1332, through to the
key-set of Figs. 32 and 39. Relay 3619 also ex-
tinguishes lamp 3622 and extends the lamp cir-
cuit over the lower back contact of relay 3526
to lamp 3527. In addition, relay 3619 connects
ground over the outer upper back contact of relay
3518, front contact of relay 3505, inner lower front
contact of relay 3619, outer lower front contact
of relay 4204, to the lower back contacts of relay
4205, thence over the inner contact and the upper
back contact of relay 4206 to resistance 4207 and
over the inner and outer contacts to the armature
of relay 4208 to start pulsing.

Relay 4208 is a condenser timed polarized relay,
the two windings connected together and through
resistance 4209 to battery over the lower back
contact of relay #206. The opposite end of the
upper winding is connected in series with the
windings of relays 4210, 42i1 and 4212, inner lower
normal contact of key #4213, resistance 4214, outer
lower normal contact of key 4213, resistance 4216,
inner lower back contact of relay 4206 to battery.
The lower winding of relay #4208 is connected
through condenser 4217 over the upper normal
contact of key #4213 to ground at the outer upper
back contact of relay 35i8. Condenser 4217 is
therefore normsally charged. When ground is
connected, as above described, to resistance 4207
it is in shunt of battery through resistance 4216
and completes an operating circuit for relays
4208, 4210, 4211 and 4212, These relays operate .
simultaneously. Relay. 4208, in closing its left
contact, connects ground in shunt of its windings
causing it to release. However, this ground also
supplies a discharge circuit for condenser 4217
and current in this circuit holds relay 4208 oper-
ated for a definite length of time after which re-
lay #4208 opens its left contact. When this con-
tact opens, the operating circuit and the charg-
ing circuit for condenser 42171 becomes effective,
but the charging of condenser 42171 delays the

‘closure of the right contact of relay 4208 so that

the right and left closures of the relay are ap-
proximately the same.

Relay 4212 at the first closure of its contact-
completes a circuit from ground on conductor
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4218, outer upper back contact of relay 4219, con-
tact of relay 4212, lower back contact of relay
4219 to the winding of relay 4220 and battery.
Relay 4220 operates and at its front contact closes
a locking circuit for itself through the winding of
relay #4219 to grounded conductor 4218. Relay
4219 does not operate until relay 4212 releases, at
which time relay #4219 at its outer lower front
contact connects battery over the normal con-
tacts of jacks 4221 and 4222 to the armatures of
relays 4211 and 4210, and at its upper front con-
tact connects ground from conductor 4218 over

the upper normal contact of jack 4223 to the -

armature of relay 4212, The purpose of relays
4219 and 4220 is to absorb the first pulse of the
relay interrupter so that the first pulse supplied
to the sender register relays will be of full dura-
tion.

Assuming that the same numerical keys ‘are
operated as before, at the first effective operation
of relay 4210, a circuit is closed. from battery over
the contact of relay 4210, outer upper back con-
tact of relay 4208, outer lower front contacts of
relays #4204, 4203, 4202 and 4201, conductor 4224
through cable 4225, inner right contact of thou-
sands key 3912, high resistance 3251 and low re-
sistances 8252 and 3253, conductor 3254 through
cables 4225 and 4226, second upper front contact
of relay 3619, outer upper front contact of relay
3602, inner upper back contact of relay 3621,
conductor (327 through cable 1328, thence to
conductor 329 as previously traced, through
cable 1330, winding of relay 502, normal contact
of relay 1503, right winding of relay 1504, right
alternate contacts of relays 1505, 1510 and {508,
right winding of relay 1434, left winding of relay
t431 and ground. Relay 1431 operates and locks
in a circuit from battery through its right wind-
ing and inner right contact, conductor {524,
inner left back contact of relay 1503, to ground
over conductor 1222, Relay 1434 being marginal
does not operate. Relays 1502 and 1504 also
operate.

The operation of relay #4211 connects battery
over its contact, inner upper back contact of re-
lay 4205, inner upper front contacts of relays
4204, 4203, 4202 and 4201, conductor 4227, through
cable 4225, outer right contact of key 3912, low
resistances 3255 and 3256, conductor 3287 through
cables 4225 and 4228, outer lower front contact of
relay 3619, middle lower back contact of relay
3621, conductor (332 through cable 1328 and
thence as previously traced to conductor 1333,
left winding of relay 1504, left alternate contacts

of relays 1505, {510 and 1508, left winding of re--

lay 1433, outer left front contact of relay 1513,
to ground at the left back contact of relay (503.
Due to the inclusion of low resistance in this
circuit, marginal relay 1433 operates locking in
a circuit from battery through its right winding
and right front contact to ground over conductor
1524, Relay 1504 also operates in this circuit.

With relays 1431 and 1433 operated, a circuit

is closed for auxiliary relay 442 from battery

through the winding of relay (442, inner left back
contact of relay 1434, inner left front contact of
relay 1431, left back contact of relay 1432, to
ground over conductor 1524. :

The operation of relay 1502 is ineffective, but
the operation of relay 1504 closes a circuit from
ground on conductor 1524, front contact of relay
1504, outer left front contacts of relays 1505 and
1510 and the inner right front contact of relay
1508 to the winding of relay 1508 and battery.
This ground shunts the winding of relay 1501
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causing thai relay to release but holds relay 1508
operated throughout the pulse.

When the pulse ends relay 1504 releases, and
since relay 1507 has released to open its locking
circuit, relay 1508 also releases, transferring the
registration circuit to the hundreds register 1420,

In the test circuit, relay #4212 closes a circuit
from ground over conductor 4218, tip contact of
Jack 4223, upper front contact of relay #2i8,
contact of relay 4212, outer lower front contact
of relay 4219, ring contact of jack 4223, inner
lower front contact and winding of relay 4201 to

battery, thereby holding relay 4201 operated but -

shunting the winding of relay 352(, causing that
relay to release. When the pulse ends and relay
4212 releases, relay #4281 also releases, closing a
circuit for lighting lamp #4228 and transferring
the pulsing circuits to the hundreds keys.

The second closure of the pulsing relay contacts
transfers the hundreds designation to the sender.
Since key 3227 is operated, battery through a high
resistance is connected to conductor {327, oper-
ating relays 1502, 1421 and 1504. Relay 1421
locks and relay 1504 releases relays 1510 and
i611, to transfer the registering circuits to the
tens register. In the test circuit relay #4212 re-
leases relays 3523 and #4202, exinguishing lamp
4229 and lighting lamp 4230.

The third closure of the pulsing relay contacts
transfers the tens designation. With key 3239
operated, battery through a high' resistance is
connected to conductor 3811 and battery through
a high resistance is connected to conductor 1332.
Therefore, in the sender, relays 1508, 1504 and
1411 are operated, relay {411 locking. Relay 1506
closes a circuit from ground on conductor 1222,
contact of relay 1506, outer right back contact
of relay 1503, inner right front contact of relay
1505, inner right back contact of relay {510, wind-
ing of relay 1412 and battery. Relay 1412 locks
to conductor 1524, Relay 1504 releases relays
1505 and {51f. In the test circuit, relay 4212 re-
leases relays 3524 and 4203, extinguishing lamp

. #4230 and lighting lamp 423I

When relay 4210 closes its contact, with relay
4203 released, battery is connected over the upper
back contact of relay 42085, inner lower front con-

tact of relay 4204, outer lower back contact of re-

lay 4203, upper normal contact of relay 3526,
winding of relay 4200 and ground. The circuit
controlled by relay 4211 is open at a contact of
relay 3526. Therefore, no registration takes
place,

Relay 4200 locks over the normal contact of
relay 35268 to battery at its lower front contact
and disconnects ground from conductors 3618
and 3620, thereby releasing relays 3617, 3615 and
3619. With relays 3619 and 3615 released, a cir-
cuit is closed from battery through the winding
of relay 8526, outer upper contact of relay 3615,
lower back contact of relay 3619, upper front con-
tact of relay 4200 to grounded conductor 3508.
Relay 3626 operates and locks over its inner upper
front contact to grounded conductor 3509. In
addition, it transfers the lamp circuit from lamp
3527 to lamp 3503 and opens the clrcult; of relay
#200 which now releases.

With relay 3615 released, battery from the low-
er front contact of relay 3609 is extended over
the middle upper contact of relay 3618, resistance
3613, middle upper front contact of relay 3602,

outer lower back contact of relay 3621 to con-

ductor 36{{ and over the inner upper contact of

relay 3€18, resistance 3614, outer upper front
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contact of relay 3602, inner upper back contact
of relay 8621 to conductor 1321, thereby simu-
lating the action of the reseét key by the oper-
ator. Conductors 3614 and 1327 extend as pre-

5 viously traced to the windings of relays 1506 and
1502 respectively, and the joint operation of these
relays closes a circuit from battery, through the
winding of relay 1803, front contacts of relays
1502 and 1506 to grounded conductor 1222. Re-

10 lay 1503 operates, locking as before, through the
windings of relays 1502 and 1506 until battery
is removed at the distant end. Relay 1503 dis-
connects ground from the locking circuits of the
register relays, restoring the registers to normal,

18 and connects ground to the windings of relays
1507 and 1508 to reset the transfer relays. When
the transfer relays are all operated, battery
through resistance i514 is again connected to
conductor 1333, reoperating relay 3616, which in

20 turn reoperates relays 36171 and 3615. The oper-
ation of relay 3615 disconnects battery from con-
ductors 3611 and 321, releasing relays 1502, 1506
and 1503 to place the sender in readiness for
registration and disconnecting battery from con-

25 ductor 1333.

The operation of relay 86i6 reoperates the
transfer relays 4204, 3524, etc., of the test cir-
cuit. When battery is removed from conductor
1333, relay 3616 releases, reoperating relay 3619.

30 The test circuit is now in the same condition
as it was at the previous start of registration,
except that relay 3526 is operated.

Registration takes place as previously described
until relays 4210, 4211 and 4212 operate for the

36 ynits digit. In this case relay 4210 connects bat-
tery over the outer upper back contact of relay
4205, inner lower front contact of relay 4204,
lower normal contact of relay 4203, middle lower
front contact of relay 3526, conductor 3528

40 through cable 4225, inner right contact of relay
3943, through low resistance to conductor 3953
and thence to conductor 36i1. Relay 421{ con-
nects battery over the inner upper back con-
tact of relay 4205, middle upper front contact of

45 relay 4204, inner upper back contact of relay
4203, inner lower front contact of relay 3528,
conductor 3529 through cable 4225, outer right
contact of key 3943, conductor 3954 through cable
4225, second upper front contact of relay 3513,

- 50 conductor 3530 through cable 4225, through low
resistance to conductor 3257 and thence to con-
ductor 1332, thereby operating relays 1502, 1504,
1404, 1403 and 140f. Relay 1506 operates re-
lay 1402, Relays 1401, 1402, 1403 and 1404 lock

55 t0 conductor 1524. Relay 1504 connects ground
in shunt of the winding of relay 1512 which re-
leases. Relay 4212 releases relays 4204 and 3525,
relay 4204 disconnecting ground from relay 4208
and bringing the pulsing to an end.

‘60 When relay 1504 releases at the end of the
pulse, & circuit is closed from ground on con-
ductor 1524, back contact of relay 1504, outer
right contact of relay 1513, right back contact
of relay 1512, conductor 1515, to the winding of

65 relay 1211 and battery. Relay (21T operates,
locking over its inner lower front contact’to con-
ductor 1222, )

Relay 1211 opens the circuits of relays 1320
and 1321 and these relays release. Normally, the

70 release of these relays releases the position cir-
cuit. In this case, the opening of the con-
ductors 1325 -and 1326 releases relay 3607, ex-
tinguishing lamp 3610 and releasing relay 3608,
which in turn releases relays 3611, 3616 and 3619.

75 Relay 1217 also closes & circuit from battery

19

over the lower normal contact of relay §220, up-
per front contact of relay 1217, upper back con-
tact of reclay 1301, upper normal contact of re-
lay 1334, conductor {335 through cable 1336, to
the winding of relay 1008 of the marker con-
nector, normal contact of relay 1000 to ground.
Relay 1003 operates multicontact relay 1049, con-
necting the B sender to the connector and then
operates the marker multicontact relay to com-
plete the connection between the marker and the 10
sender. With the marker connector operated,
the circuit of relay 500 is closed, extending over
the contact of relay 1019, conductor 1020, through
cable §121, contact of relay 1101, conductor (835,
middle left contact of relay 25619, conductor 26i0¢ 15
to ground at the upper front contact of relay
2601. Relay 5§00 connects the selected marker
with the test circuit.

The registration in the sender is checked in
substantially the same manner as for the termi- 20
nating sender. Since the thousands auxiliary
relay 1442 is operated, ground is connected di-
rectly to conductor {452, and thence through
cable (336, the marker connector, contact of re-

[~

" lay 5§00, conductor 503, through cable 584 to the 25

winding of relay 2202 and battery. Ground con-
nected from the test circuit to conductor 2928 is
extended over the contact of relay 5§08, conductor
506, contact of relays (007 and (619 in the marker
connector, conductor 1021, through cable 1336, 30
back contacts of relays {443 and {444, conductors
{453 and 1454 through cable 1336, the marker
connector and contacts of relay §00 to conductors”
508 and 509, and cable 504 to the windings of
relays 2204 and 2208, respectively, to battery. 35
Ground on conductor 2929 is extended over the
contact of relay 600, conductor 507, contacts of
relays 1007 and 1019, conductor 1022, through
cable {338, back contact of relay 1441, conductor
1451 through cable (336, the marker connector 4,
and contact of relay 500 to conductor 510,
through cable 504 to the winding of relay 2201
and battery.

Similar circuits are closed over contacts of the
hundreds, tens and units register relays and over
the back contact of relay §308 to complete the
chain circuit as previously described.

The further operation of the register check
circuit is the same as described for the termi-

. nating sender. 50

When this test is completed register 2611 is
operated, which initiates the same set of opera-
tions above described, relay 2000 operating. With
hold magnet 2419 and relay 2000 operated, a cir-
cuit is closed from grounded conductor 1918, out- g5
er upper front contact of relay 2000, lower nor-
mal contact of relay 2005, outer lower back con-
tact of relay 2004, lower back contact of relay
2700, conductor 2701, outer lower front contact
of magnet 2419, conductor 24417, lower winding ¢o
of relay 2006 and battery. Relay 2008 locks in
a circuit from battery through its upper winding
and upper alternate contact, upper normal con-
tact of relay 2004 to grounded conductor 1811.
At its upper contact relay 2006 opens the lock- g5
ing circuit for hold magnets 2409 and 2419 caus-
ing them to release and open the corresponding
cross-point. ‘

With magnet 2419 released, the circuit traced
from ground to conductor 2101 extends over the 7o
back contact of magnet 2418, back contacts of
similar odd-numbered hold magnets, back con-
tact of magnet 2411, conductor 2430, back con-
tact of relay 1609, conductor 1620, outer lower
back contact of relay 2003 to the winding of re- 75
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20
lay 2102 and battery. As before, relay 2702 oper-
ates relay 2708 which in turn operates relay 2320,
With relays 2320 and 2702 operated, ground is
connected as previously traced to the outer lower
front.contact of relay 2102, middle upper front
contact of relay 2701, to resistance 2708 and bat-

‘tery, in shunt of the winding of relay 2703 which

releases. .

With relay 2105 released, ground from con-

ductor 1918 is extended over the upper back
contact of relay 2705, conductor 2717, back con-
tacts of relays 1608, 1606, 2304 and 2302, outer
right front contact of relay 2300, to the winding
of select magnet 2421 and battery. Magnet 2421
extends its operating ground over conductor 2448,
Jower front contact of relay 2707, inner lower
contact ‘of relay 2702 to the winding of relay
2005 and battery. Relay 2005 performs the func-
tions- previously described, releasing relays 2702
and 2703, With relay 2702 released, relay 2707
also releases and .at its upper normal contact
connects grounded conductor (916 to conductor
2448 to lock select magnet 2421 and relay 2301,
at the same time disconnecting conductor 1916
from conductor 2431 to release select magnet
2420, and relay 2300.

The release of relay 2703 releases relay 2320
and connects ground over its upper back contact
and the outer lower front contact of relay 2005
to conductor 2007 to operate hold magnets 2400
and 2410. These hold magnets cause the first
cross-points corresponding to the select magnet
2421 to close. The remaining select magnets are
similarly operated advancing the test from level
to level,

The cross-points of the tenth level, which are
not shown, as well as all other vacant cross-
points, have their left contacts connected as
shown for the last two cross-points of the ninth
level. Therefore, when the first vacant cross-
point 2460 is closed, and relay 2009 operates, a
circuit is closed from battery through resistance
26017, conductor 2608, contact of relay 2009, con-
ductor 2014 through cable 2015, contact of cross-
point 2460, conductor 2456 {o the winding of re-
lay 2613 and ground. Relay 2613 closes a circuit
for relay 1914, Relay 1914 operates relay 1908
and releases relay 2605, Relay 2600 rleases relay
2009 which in turn releases relay 2613. The re-
lease of relay 2643 releases relays 1908 and 19i4.
The operation and release of relays 1908 and {914
cause relays 2004 and 2000 to function to operate
the next pair of hold magnets and release the
previous pair,advancing to the next cross-point as
previouly described. Advance to the tenth level
is the same as described hereinbefore.

When hold magnets 2409 and 2419 have been
operated and the tenth cross-point closed, the
operation of relay 2613 brings about the opera-
tion of relay 2000 which in turn operates relay
2006, and releases the hold magnets. With the
hold magnets released and relay 1609 operated,
relay 2000 closes a circuit from grounded con-
ductor 1916, outer upper front contact of relay
2000, inner lower back contact of relay 2005, lower
back contact of relay 2004, lower back contact

“of relay 21080, conductor 2701, back contacts of

hold magnets 2419, 241 f and corresponding odd-
numbered hold magnets, conductor 2430, outer
right front contact of relay 1609, conductor 1621,
winding of relay 2008 and battery. Relay 2008
locks to grounded conductor 1916, lights lamp
2028, opens the locking circuit of relay 2600 and
opens the circuit for starting the operation of
the group test circuit.

2,225,688

The lighting of lamp 2029 indicates the com-
pletion of the test and the test circuit may be
restored by releasing start key 1900 to release
relay 2600 and the relays held by that relay,
and operating key (3915 to disconnect ground
from - conductors 1916, 1917 and 2002 and the
relays locked thereto.

Special tests

The foregoing description covers the operation
when test class key 25600 is operated, which key
causes the sender to be tested for a regular call.
In describing the tests carried out with other
class keys operated, only the operations which
differ from those previously described will be set
forth in detail.

Special call test

With key 2501 operated, the test is esseatially
the same as with key 2500 operated. However,
with key 2501 operated, as soon as relay 2800 is
operated to prepare the revertive test circuit
for operation, a circuit is closed from ground at
the middle left contact of relay 2800, conductor
2828 through cable 2802, inner right contact of
key- 2601, conductor 2435 through cable 2802,
winding of relay 28064 and batiery. Relay 2804
locks to ground on conductor 2828, Likewise with
key 2501 operated, a circuit is closed from: ground
at the inner upper back contact of relay 2661,
conductor 2614, outer right contact of key 2501,
conductor 2535 through cable 3002, inner right

. front contact of relay 3003, outer right front con-

tact of relay 3000, conductor 3037 through cable
2748, inner upper front contact of relay 2009,
conductor 2443 through cable 2015, contact of
cross-point 2433, conductor (009 th;ough cable
2436, third lower front contact of relay 204, outer

. upper back contact of relay 213 to the winding

of relay 114 and battery. This circuit is cut off
when the group circuit is released but relay 114
locks to off-normal ground on conductor 712 and
connects ground over its lower front contact,
conductor 128 through cables 726 and 972, to the
marker connector where it causes the selection of
a marker capable of handling special calls. A
branch of conductor 1009 is extended to a con-
tact of relay 500 where it is grounded when relay
500 operates.

With cross-point 2448 closed, the circuit ex-
tends from conductor 3031, inner upper front
contact of relay 2010, conductor 2035 over cross-
point 2449, conductor 2451, through cable 2452,

" lower back contact of relay 1215, lower winding
-of relay 1224 to battery. Relay 1224 locks to

ground at the outermost lower contact of relay
1208, and connects ground over conductor 1225
through cable 1336 to the marker connector to
summon a special marker. A branch of conduc-
tor 2457 is also extended to a contact of relay
500.

Telltale test

The tests applied with key 2502 operated are
applicable only to the full selector senders and
“pass B senders” key 2026 is operated. There-
fore, when a cross-point is closed leading to a B
sender, battery is connected through resistance
2607, conductor 2608, over the outer upper front
contact of relay 2010, conductor 2030 through
cable 2031, contact of cross-point 2449, for ex-
ample, conductor 2450, alternate contact of key
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2613 and ground. Relay 2613 functions to ad-
vance the test circuit past the B senders in the
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same manner as it passes it by unequipped cross-
points. '

With key 2502 operated, when relay 3004 oper-
ates, it completes a circuit from grounded con-

. ductor 2608, over the inner right contact of key

2502, conductor 2836, through cal.e 3002, fifth
lower front contact of relay 3004, c::nductor 3038,
through cable 3033, winding of r-lay 3408 and
battery. Relay 3408 operated cluses a circuilt
from battery through the winding of relay 3426,
lower back contact of relay 34186, to ground at the
inner upper front contact of relay 3408. Relay
3408 closes at its outer lower contact a shunt
around the winding of relay 40286. With relay
3408 operated, the test proceeds in the regular
manner until the fundamental circult is closed
for the first selection, that is incoming brush se-
lection. Due to the fact that the winding of re-
lay 4026 is short-circuited, the pulsing circuit of
the sender continues to function until it has re-
corded ten pulses, that is, until relays 321 to 326
have been operated, relay 326 locking under the
control of relay 306 and relays 321 to 324 have
operated a second time. With relay 326 operated,
the eleventh pulse, which grounds conductor 313
closes a circuit over the inner left front contacts
of relays 324 and 328 to battery through the
winding of relay 718.

Relay 118 locks to grounded conductor 219, and
connects ground to-conductor 307, which is nor-
mally grounded by the units hold magnet 421.
At its inner upper front contact, relay T18 con-
nects ground to conductor 422 which is extended
over the inner right front contact of relay 306
to the winding of relay 213 and battery. Relay

- 213 locks to ground over its outer upper front
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contact and the third upper front contact of re-
lay 202, operates relay 206, and performs the
same functions as previously described, except
that, with relay 718 operated the circuit for sum-
moning a marker is opened and no marker is
called in.

Relays 206 and 213 as before, connect reverse
battery to the tip and ring conductors, and re-
lease relay 207, which on ifs release terminates
the reverse battery pulse and releases relays 203
and 204. In the test circuit, the reverse battery
operates relay 4111 which causes the operation
of relay 3406 as previously described. Relay 3406
lights lamp 3502, and causes the operations pre-
viously described, finally operating relay 3416,
which connects ground to conductor T24.

With relays 203 and 204 released, battery is
connected to conductor 2439, and ground through
resistance 7121 and the winding of relay 7123 is
connected in parallel with battery through re-
sistance 722 to conductor T24.

The ground connected to conductor 724 from
the test circuit operates relays 123 and 120 in
the sender and relay 120 at its outer upper front
contact connects relay 102 over the outer upper
front contact of relay Ti8, and the lower back
contact of relay 223 to ground over conductor
103, thereby completing the release of the sender.

In the test circuit, the operation of relay 3416
releases relay 3426 which closes a circuit from
ground at the inner upper front contact of relay
3408, outer lower front contact of relay 3416,
inner lower back contact of relay 3402, right back
contact of relay 3426 to conductor 3826 thereby
causing the advance of the test circuit to the
next sender.

Trouble release by link
With key 2503 operated, the test circuit tests

21

the ability of-the link circuit to release the sender
in case of trouble, which is indicated by the fail-
ure of the sender to connect ground to conductor
110 within a specified time.

With key 2503 operated, a circuit is closed from
ground on conductor 2808, contact of key 2503,
conductor 2832, through cable 253{, winding of
relay 8122 and battery. With relay 3122 oper-
ated, the connection between. conductors (7i4
and 3124 through resistance 3123 is opened and
conductor 1714 is connected to the winding of
relay 3125 snd battery. Therefore, when ground
is connected to conductor 1714 as previously de-
scribed for testing the continuity of the circuit
through the sender and link, relay 3125 operates,
locks under the control of relay 3003, disconnects
ground from the frame keys, and transfers the
circuit closed by the release of relay 3814 from
the winding of relay 8816 to conductor 3826. In
addition relay 3§25 connects ground through re-
sistance 3139, inner right back contact of relay
3111, inner left contact of relay 3118 to conductor
3i40. This conductor extends when testing a
terminating sender over a contact of relay 17684,
conductor Ti{, through cable 1709, outer lower
front contact of relay 700 to the winding of relay
702. Relay 102 grounds conductor 210 operating
relay 610 which opens the circuit of relay 3814
thereby grounding conductor 3826 to advance the
test to the next sender.

In testing the “B” sender the circuit to conduc-
tor 3140 extends over a contact of relay 1701,
conductor 111 through cables {709 and 1732, third
lower front contact of relay 1200, winding of re-
lay 1220 and battery. Relay 1220 grounds con-
ductor 1209, operating relay 1119 and opening the
circuit of relay 3814 to cause the advance of the
test circuit to the next sender.

Trouble release by the marker

This test which is applicable during the test-
ing of all senders, is made with key 1804 operated.
Key 1804 connects ground from conductor 2606 to
conductor 1834 leading to the marker to simu-
late the action of the trouble indicator and to
conductor 1835, which extends through cable
2802 to the winding of relay 2806 and battery.
With relay 2806 operated, the chain circuit, over
which relay 2924 should operate to indicate the
operation of all of the register relays, is opened.
Therefore the register check cannot proceed.
However, with relays 2921 and 29{1 operated the
circuit of relay 2816 is closed and that relay op-
erates, locking and closing a circuit through the
winding of relay 2818 which does not become ef-
fective until relay 2921 or 2811 releases. ,

Since relay 2924 does not operate, ground is not
removed from conductors 2927, 2928 and 2929,
the marker cannot proceed with its function and
the marker timing circuit grounds conductor
1023, completing a circuit over the left back con-
tact of relay 1024, winding of relay 1002 and bat-
tery. Relay 1002 operates and locks through the
winding of ‘relay 1024, inner right front contact
of relay 1002, contact of relay 1061 to ground.
The operation of the marker relay 1001 caused
the preparation of a circuit (not shown) for re-
lay 1005, but with relay 1002 normal, the ground
at the inner right back contact of relay 1002 is
connected over conductor 1025 in shunt of the
battery supply for relay 1085 and that relay can-
not operate. When, now, relay 1002 operates in
response to a trouble release signal, the shunt is
removed from relay 1005 and that relay operates
and locks. Relay 1005 opens the circuit of relay
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- 2818 to operate.
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connects the marker from the sender, opening
the operating circuit of relay 1002. Relay 1024
then operates in the locking circuit of relay 1002
and reconnects ground to conductor 1028. Relay
1008 being locked, the start battery which has

_ been maintained by the sender is extended to the

relay corresponding to relay (088 of the next
marker and another attempt is made to establish
a connection,

The disconnection of the first marker releases
relays 2821 and 29/{, thereby permitting relay
When the second marker has

- been seized, relays 2821 and 2811 are reoperated,
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connecting ground as previously traced to the
upper front contact of relay 2818, resistance 2817
and battery in shunt of the winding of relay
2816, which releases.

When the second marker times out, the ground
supplied by the marker is extended over the outer
left front contact of relay (024 over the back
contact of relay 1028 to the winding of relay 1027
to sound an alarm. It is also extended over a
contact of relay 100! to conductor 1828, cables
972 and 126, lower winding of relay 701 and bat-
tery. Relay 701 locks in a circuit from battery
through its upper winding and upper front con-
tact to grounded conductor 103, Relay 781 dis-
connects the start batiery from the marker con-
nector, opens the locking circuit of relay 201 and
releases the sender. Ground is connected to con-
ductor 222 over a contact of relay {001 to prevent
the release of relay 20! before the marker con-
nector has released.

In the case of a B sender the trouble release
ground extends over a contact of relay 1819, con-
ductor 1029 through cable 1336, winding of relay
1334 and batiery. Relay 1334 also locks and dis-
connects battery from the marker connector. In
sddition it operates relay 1220 to bring about the
release of the sender. )

In the test circuit, the operation of relay 2816
connects ground over conductor 2820 and when
testing a terminating sender through cable 3428,
inner upper front contact of relay 3408 to the
upper winding of relay 3421 and battery, relay
3421 locking to grounded conductor 4818. When
relays 2816 and 2818 both release, ground is con-
nected over the upper back contact of relay 2816,
upper front contact of relay 2806, lower normal
contact of relay 2818, conductor 2827, through
cable 3423, upper front contact of relay 3421 to
conductor 3828 to advance the test circuit to the
next sender. In testing a B sender, donductor
2820 extends through cable 2828, third upper
front contact of relay 3504, upper winding of re-
lay 3531 and battery. Relay 3531 locks to con-
ductor 3511,  Conductor 2827 extends through
cable 2829, inner upper front contact of relay
3531, inner upper front contact of relay 3618,
outer upper front contact of relay 3526, inner up-
per front contact of relay 8520, inner lower back
contact of relay 35{4 to conductor 3826 to ad-
vance the test circuit to the next sender.

Trunk disconnect

There is a feature in both sender circuits which
functions to restore the circuit to normal in case
a premature disconnect signal is received from
the trunk circuit. When this feature is to be

. tested, key (805 is operated, connecting ground

5

from conductor 2606 over its left contact, con-
ductor 3017, upper back contact of relay 2008,
conductor 3016 through cable 2710 to the wind-
ing of relay 3030 and battery, holding the sender

| 9,985,688
" 1008 which in turn releases relay 1007 and dis-

group busy throughout the test. Therefore, this
test should be made only during times of light
traffic and should be supervised. Ground is also
extended over the right contact of key 1805, con-
ductor 1836, through cable 3002, third lower front

contact of relay 3004 when testing terminating

senders, conductor 3039 through cable 30383, nor-
mal contact of relay 4118, winding of relay 4117
and battery. Relay #4117 operates in this circuit
in turn operating relay 4100. When relay 3400
operates, conductor 2612 is extended over the

. fourth right contact of relay 3400, and the outer

upper front contact of relay #117 to the winding
of relay #1i8 and battery instead of to relay
341(6.

" The test circuit functions in a normal manner
up to the time where the sender functions to
apply ground through resistance 121 to the wind-
ing of relay 123 in shunt of battery through re-
sistance 722.. Since the circuit of relay 723 ex-
tends to conductor 2612, as previously traced, re-
lay 4118 operates but relay 723 does not. Relay
4118 locks over its upper alternate contact to
conductor 8039, and this ground extends back
over the operating circuit of relay 4118 to oper-
ate relay 728. Relay 723 operates relay 720
which locks and summons a marker.

Relay #4118 opens the circuit of relay 4147
which releases after an_ interval, disconnecting
relay 4118 from conductor 2612 and extending
that conductor over the bhack contact of relay
4111 and the outer lower front contact of relay
4118 to the lower winding of relay 41(9. 'This
releases relay 123 which closes a circuit from

--ground over its left contact, outer lower front

contact of relay 720 to the winding of relay 7127
and battery. Relay 127 operates after an inter-
val and closes a circuit for operating release relay
702 which causes the complete release of the
sender. In releasing, the sender disconnects
ground from conductor 2435. In the test circuit,
the operation of relay #4100 opened the locking
circuit of relay 3300, leaving that relay dependent
on its operating circuit which extends to con-
ductor 2435. When relay #1171 is released it
opens the circuit of relay 4100 which also releases
slowly. I, therefore, the sender removes ground
promptly from conductor 2435 relay 3300 releases.
If not, the release of relay 4100 recloses the lock-
ing circuit and prevents the release of relay 3300.
Assuming that relay 3300 is released, ground is
connected from conductor 4101, back contact of
relay 4100, inner lower front contact of relay
4118, conductor 4120, lower back contact of relay
3300, conductor 3328, lower back contact of relay
4119, to conductor 3826, advancing the test cir-
cuit to the next sender. If the sender fails to
remove ground from conductor 2612, relay 4119
operates and locks, blocking the test.
~ When testing “B” senders the above traced cir-
cuit extends from conductor (836 over the third
lower contact of relay 38005, conductor 3040
through cable 3033, normal contact of relay 3518,
winding of relay 35{9 and battery. Relay 3519
in turn operates relay 3515. When relay 3513
operates, conductor 2612 is extended over the
outer lower front contact of relay 3513, outer
upper front contact of relay 3518 to the winding
of relay 3518 and battery. In the sender, ground
through resistance 1216 is connected as previ-
ously traced through the winding of relay 1213
to conductor 2454 and through to conductor 2612.
Relay 3518 operates and locks over conductor
3040. This locking ground extends back to the
winding of relay 1213 causing that relay to op-
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erate and in turn operate relay 1215, which locks
under the control of relay 1211, :
Relay 3518 opens the circuit of relay 3519 an
that relay releases in turn releasing relay 3815.
When relay 3519 releases it transfers conductor
2612 from ground over the locking circuit of re-
lay 3518 to battery through the winding of relay
3532 thereby releasing relay 1213 which closes
a circuit from ground at the fourth lower con-

tact of relay 1241, left contact of relay 1213, inner

lower front contact of relay 1215 to the winding
of relay 203 and battery. Relay 1203 also locks
under the control of relay 1211 and closes a cir-
cuit from battery through the winding of relay
1220, lower back contact of relay 1301, lower
front contact of relay 1203 to ground at the outer
lower contact of relay 1208. Relay 1220 locks to
ground and brings about the release of the sender
in the usual manner.

Relay 3516 in operating opens the locking cir-
cuit of relay 8513 leaving it dependent on the
ground supplied to conductor 2451 by the sender.
If the sender releases promptly relay 3513 releases
and, when relay 3515 closes its back contact com-
pletes a circuit from grounded conductor 35if,
back contact of relay 3515, inner lower front con-
tact of relay 3518, back contact of relay 8532,
inner lower back contact of relay 35613 to con-
ductor 3826, causing the test circuit to advance
to the next sender.

If the sender fails to release, the release of
relay 3515 recloses the locking circuit of relay
3513 and the test is blocked. Likewise, if the
sender fails to remove ground from conductor
2612, relay 3532 operates and locks to conductor
3040 blocking the test.

Time-out test

This test is performed with key (806 operated
and is directed to the feature of the sender,
whereby when & plug is inserted in the hold jack,
the sender will not release in case of trouble but
will time out and sound an alarm. The test cir-
cuit progresses from sender to sender under man-
ual control, and each type of sender is tested sep-
arately. Therefore, in testing terminating send-
ers, in addition to test class key 1806, “pass B
senders” key 2026 is operated and key 1907, Like-
wise a plug 730 is inserted in jack 731 of the
sender under test.

Key 1806 at its outer right contact closes a cir-
cuit from ground over conductor 1837 through
cable 3415, third right contact of relay 3400,
winding of relay 3402 and battery, which circuit
becomes effective when the revertive pulse cir-
cuit is started by the operation of relay 3400. At

“its inner right contact key 1806 connects ground

from conductor 2606, over conductor 2336,
through cable 3002, fifth lower contact of relay
3004, conductor 3038 through cable 3033 fo the
winding of relay 3408 and battery, relay 3408
operating relay 3426 over the back contact of
relay 3416. At its inner left contact, key 1806
prepares a circuit from ground at the front con-
tact of meter 2611 or 2615 to the winding of relay
1914 in substitution for that normally extending
over the outer left contact of key 1907 which is
now open.

The connections with the sender and the group
circuit test proceed as usual. When relay 3400
operates, relay 3402 is operated and lamp 3414

is lighted in a circuit from battery through lamp
3414, outer upper back contact of relay 3408,

outer upper front contact of relay 3408, lower
back contact of relay 3409 to ground over con-
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ductor 4101. With relay 3408 operated, a short
circuit is closed around the winding of relay 4026,
as previously described, while the operation of
relay 3402 opens the tip of the pulsing circuit
at the uppermost contact of that relay and con-
nects ground through relay 411 to the pulsing
ring conductor 3412. .

In the sender, relay 3062 cannot operate. Relay
202 in operating connected ground over its mid-
dle lower front contact and conductor 228 to
timing interrupter 224 which on closing its left
contact operates relay 225. Relay 225 locks
through its left winding and contact to conductor
228. When next interrupfer 224 closes its right
contact it extends ground over the right contact
of relay 226 to the winding of relay 223 which also
operates and locks to conductor 228, In operat-
ing, relay 223 lights lamp 226 and grounds con-
ductor 227 to start a further timing operation.
At the next closure of its left contact interrupter
224 extends ground over the outer lower front
contact of relay 2238 to the upper winding of relay
'_l':; and battery. Relay 10f locks to conductor

Normally the operation of relay T01 releases
the sender, but with plug 730 in jack 731, a cir-
cuit is closed from battery through the lower
winding of relay 201, jack 731, plug 730, upper
front contact of relay 101 to conductor 103. Con-
ductor 703 is grounded by relay 202 which is
locked under the control of relay 201.

Relay 223 in operating also closes a circuit for
relay 118 which locks to conductor 219, and closes
a circuit from ground over the inner upper front

contact of relay 118, conductor 422, inner lower 3:

front contact of relay 223 to the winding of relay
213 and battery. Relay 213 makes reverse bat-
tery closure as previously described.

In the test circuit, this closure operates relay
4111 which causes the operation of relay 3406 to
extinguish lamp 3414. When relay 101 operates
it disconnects ground from conductor 2435, there-
by releasing relay 3300 which closes a circuit from
ground at its upper back contact, conductor 3321,
inner lower front contact of relay 3402, conductor
3427 through cable 3033 to lamp 3143 and battery.
The test then progresses but cannot advance to
the next sender since relay 3402 opens the circuit
for that purpose.

The interval during which lamp 3414 is lighted

should be between 28 and 58 seconds and is timed
manually. The additional time measured is from
5 to 12 seconds, the end of which is indicated by
the sounding of the alarm.

When this occurs, key 3127 is operated closing
a circuit from grounded conductor 2606, to the
winding of relay 3029 and battery. Relay 3029
locks and closes a circuit from ground on con-
ductor 2606, outer left front contact of relay 3029,
to conductor 3017 and thence as previously traced
to the winding of relay 3030 and battery. Relay
3030 makes the sender group busy so that when
the sender is subsequently released with the test
circuit attached, no service call will be interfered
with.

Plug 130 is now removed from jack 731, per-
mitting relay 201 to release and complete the re-
lease of the sender, thereby silencing the alarm
and extinguishing lamp 226. Key 3428 is then
operated connecting ground over the outer lower
front contact of relay 3402 and the right back
contact of relay 3426 to conductor 3826 to ad-
vance the test circuit to the next sender. The
gg;rgnce of the circuit releases group busy relay
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This test when made on “B” senders is very
similar, key 2016 being operated to pass by ter-
minating senders, and & plug {816 being inserted
in jack {517 to operate relay 159 and disconnect
ground from the circuits of relay 1220. With
relay 3504 operated, key 1806 operates relay 3514.
Relay 3514 at its inner upper contact connects
ground to the winding of relay 4205 which pre-
vents sending key pulses to the sender. The se-
lection of the sender and the group test proceed
as before. As soon as relay 1208 operates it con-

nects relay 1337 over its third upper contact to

the left contact of interrupter 1338. When the
interrupter contact closes, relay (1371 operates
and locks to ground at the inner lower front con-
tact of relay 1208. When now, interrupter 1338
closes its right contact, it operates relay 1301
over the contact of relay {331, Relay {301 locks
in parallel with relay 1331, lights lamp 1339 and
grounds an alarm circuit over conductor 1340,
Relay 1301 disconnects battery through re-

_ sistance 1302 from conductor 2458, thereby re-
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leasing relay 3520 which closes a circuit from
battery through. lamp 3500, upper back con-
tact of relay 8520, outer upper front contact of
relay 3516 to grounded conductor 3508. The
time from the lighting of lamp 4228, which oc-
curs when the test circuit is ready for key puls-
ing, to the lighting of lamp 3500 is then the
time-out period of the sender and, measured
with a stop watch should be between 28 and 58
seconds.

Normally, relay 13801 operates relay 1220 to
release the sender, but with relay 1518 operated
this circuit is open. Therefore relay 1301 re-
mains operated and 5 to 10 seconds later an
audible alarm is sounded.

Key 37121 is operated as for the terminating
sender test, plug (618 is withdrawn from jack
1517 permitting relay 1220 to operate and release
the sender, extinguishing lamp {339 and silenc-
ing the alarm. The release of the sender re-
moves ground from conductor 2451, releasing re-
lay 3513, which closes a circuit from ground at
the inner lower front contact of relay 3814, outer
lower back contact of relay 3513, conductor 3533
to lamp 3143 and battery. Xey 3428 is then op-
erated to advance the test circuit to the next
sender as above described. :

Non-operate test of pulsing relay

This test is made to insure the proper opera-
tion of the sender when functioning with an
incoming selector test circuit, to make a non-
operate test of the pulsing relay of the sender
and to insure that, after the final units digit
has been recorded, the sender will not time-out
and send reverse battery in less than 1 to 2.5
seconds. : .

This test applies only to terminating senders,
therefore key 2026 is operated. Key 1807 is op-
erated, connecting ground over its right contact
to conductor 3325, thereby grounding condenser
3324 in parallel with condenser 3318 to change
the operating time of relay #4102. It also con-
nects ground over its inner left contact to con-
ductor (838, third left contact of relay 3400,
winding of relay 4103 and battery.

The test circuit and sender function in a nor-
mal manner up to the completion of final units
selection. When relays 4017 and 4010 have op-
erated at the completion of that selection, re-
lays 4108 and 3408 have operated as usual and
relay 4009 has reoperated, the fundamental cir-

cuit is closed for receiving reverse battery. How-

»
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ever, with relay 4103 operated that circuit ex-
tends, as previously traced from the tip conduc-
tor to the outer upper front contact of relay 3302
and thence, with relays 4108 and 4103 both oper-
ated, through resistance 4121, upper back con-
tact of relay 4027, to the windings of relays 4(i{
and 4026 and back to the ring conductor.
Resistance 4121 is of such value that relay 302
should not operate. The operation of relay 4009

iIn reclosing the fundamental circuit disconnects 10

ground from the lower winding of relay §i02,

permitting relay 4102 to operate under the con-
trol of its upper winding as soon as the charging
current for condensers 3324 and 3319 is suffi-
ciently reduced.

If relay 302 should operate, it would close the
reverse battery circuit- before relay 4102 opens
its right contact and relay 4111, operating in re-
sponse to the reverse battery, would close a cir-
cuit from grounded conductor 4018, right contact
of relay 4102, left contact of relay #4111, inner
lower front contact of relay 4103, back contact
of relay 4122, winding of relay #1238 and battery.
Relay 4123 locks to conductor 4018 and blocks
the advance of the test.

If, however, relay 302 does not operate, relay
4102 in closing its left contact completes a cir-
cuit from grounded conductor 4018, left contact
of relay 4102, middle lower front contact of re-
lay 4103, winding of relay #4122 and battery,

“When hold magnet 421 operates after the regis-

tration of the units digit, it grounds conductor
422, which extends to interrupter 229. When
Interrupter 229 closes its left contact it operates
relay 230 which locks to conductor 422. When
interrupter 229 closes its right contact it ex-
tends ground over the lower contact of relay
230, outer lower back contact of relay 213 to
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battery through the winding of relay 214 which

also locks to conductor 422.  With relay 214 op-
erated, relay 213 is operated to transmit the re-
verse battery pulse to the test circuit,

Relay 4111 operates in response to this reverse
battery and if relay 4102 has operated, closes a
circuit from ground over thy lower front con-
tact of relay 4122, left contact of relay 4111, in~
ner lower front contact of relay 4103, upper front
contact of relay 4122, back contact of relay 4123
to interrupter 4124. ’

Interrupter #4124 measures a delay, during
which the sender may advance and open the re-
verse battery closure if there is trouble in the
sender which would cause it to do so.

When interrupter #4124 closes its left contact,
it connects ground over the lower back contact
of relay #4125, winding of relay 4126 and bat-
tery. Relay 4126 operates and locks to ground-
ed conductor 4018. When interrupter 4124
closes its right contact, it connects ground over
the inner upper front contact of relay 4126 to
the winding of relay #4125 and battery. Relay

- 4128 also locks to conductor 4018 and closes a

shunt around resistance 4121, thereby permit-
ting relay 302 to operate and terminate the re-
verse battery closure. If the closure is ter-
minated by trouble, the release of relay 4{it
disconnects ground from interrupter 4124 and
prevents the operation of relay 4125,

If the operation of relay 302 terminates the
reverse battery closure, the release of relay 4111
with relay 4125 operated completes a circuit
from ground at the lower front contact of relay
4122, right contact of relay 4111, upper back con-
tact. of relay 4106 inner upper: front contact
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of relay 4125, winding of relay 3406 and battery. 715
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With relay 3408 operated the test circuit and

sender will continue to function in a normal

manner as has been described.
Step-by-step regi.sjtratio*n

- The test number may be transmitted to the
sender either as above described or one digit at
a time. In the latter case when testing ter~
minating senders key 3315 is operated, opening
the normal operating circuit of relay 4008. When
ready to transmit a digit, key 3428 is operated
and released, closing a circuit from ground .over
key 8428, outer lower back contact of relay 3402,
third lower front contact of relay 3300 back con-
tact of relay 3328 to the winding of relay 3329
and battery. Relay 3329 locks through the wind-
.ing of relay 3328, contact of relay 3329, left con-
tact of key 3315, outer upper front contact of
relay 3407, conductor 341 and thence to ground
over contacts of the transfer relays. For exam-
ple, for the first selection, relays 33f1 and 4023
are operated, and the locking circuit of relays
3328 and 3329 extends from conductor 34ii over
the outer upper back contact of relay 3314, middle
upper front contact of relay 4023 to grounded
conductor 4008. -Similar circuits are closed for
other selections. Relay 3328 operates when key
3428 is released. Relay 4009 now operates over
the lower front contact of relay #4007, front con-
tact of relay 3328 to grounded conductor 4008.
After the transmission of the digit or selection,
the next transfer relays operate, opening the cir-
cuit of relays 3329 and 3328 and in turn the cir-
cuit of relay 4009. Key 3428 is then operated
to transmit the next digit.

In testing B senders, key 3315 is also operated

" to prepare the key pulsing test circuit for step-

by-step operation. Aft its right contact key 3315

connects ground to conductor 33308 which extends

40 through cable 4225, inner upper front contact of
relay 3513 to the winding of relay 4205 and bat-
tery. Relay 4285 opens the circuits of the con-
denser timed relay 4208 and opens the circuits
closed by relays 4210 and 421{. Key 3428 con-
43 nects ground over the outer lower back contact
of relay 3402, outer lower back contact of relay

3514, upper front contact of relay 4208, winding

of relay 4206 to battery. Relay 4206 closes the

circuits ordinarily closed by the pulsing relays,
30 thereby transmitting pulses to the sender and op-
erating the transfer relays.

Key 4110 is used to vary the resistance and
capacity in the fundamental circuit, while key
3305 varies the resistance in series with the wind-

2 ing of relay 3304 to vary the interval between
selections.

In connection with the trunk disconnect test,
applied by key 1805, key 4030 may be operated to
make an automatic c¢urrent flow operating test
of relays 302 and 113 of the terminating sender.
Incoming selections are made as above described.
‘When relay 3320 operates for advancing to final
brush selection, however, relay 4027 operates in
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a circuit. from battery, winding of relay 4027,

upper contact of key 4030, inner upper front con-
tact of relay 3320, lower back contact of relay
3316 to grounded conductor 4008. Relay 4021
locks over its inner. upper front contact and the
fower back contact of relay 3316 to:conductor
4008. With relay 4027 operated, the tip con-
ductor is disconnected at the upper back contact
of relay 4027 from relays 411{ and 4026 and is
extended over the outer upper front contact of
relay 4027 to the winding of relay 403, and re-
75 sistance 4032 to ground. Relay 4027 connects

25

battery through resistance 4033 to the winding
of relay 4034 and battery to prevent its accidental
operation. - Relay #4031 operating over the tip
conductor, connects ground in shunt of resistance
4033, operating relay 4034 which connects bat-

- tery through resistance 40385 to the ring con-

ductor. Relay #034 connects ground to the arma-
ture of relay 4018 in place of that usually fur-
nished by relay 4028.

In the sender, relay 302 should operate in series
with relay 4031 and relay 113 in series with re-
sistance 4038. When relay 715 grounds the tip
conductor, relay 4031 releases, in turn releasing

relay 4034 to open the ring conductor and re-

lease relay 743. Relay 713 releases relay 715 per-
mitting relays 4031, 4034 and 713 to reoperate,
operating the countlng rélays of sender and test
circuit.

Final tens selection is made in the same man-
ner, but when relay 3316 operates to prepare for
final units selection relay 4027 is released and the
remainder of the test is made in the normal
manner.

Test of B position features

If it is desired to test the transmission of or-
der tone through the sender, key 3600 is operated.
With this key operated, ground is removed from
conductor 3601 and therefore relay 1300 is not
operated and the sender proceeds to select an
idle operator’s position in the usual manner, for
example, the circuit of Fig. 9.

Key 3600 also closes a circuit from battery
through the winding of relay 3621, inner lower
operated contact of key 3600, conductor 3623
through cable 3534, to ground at the third up-
per front contact of relay 2600. When relays
3520 and 3516 have operated, lamp 35835 is lighted
over the lower back contact of relay 353!, outer
upper front contacts of relays 3621, 3520 and
3516 to ground over conductor 3509. With key
3600 operated, the tip conductor 3413 is extended
over the second upper front contact of relay 35084,
outer lower contact of key 3600 to the upper
left winding of repeat coil 4300, while ring con-
ductor 3412 is extended over the inner upper front
contact of relay 3504, inner upper operated con-
tact of key 3600, to the lower left winding of coil
4300, The test telephone headset 4301 is con-
nected to the right winding of coil 4300 over jack
4302 and receives ta.lking battery through coil
4303.

When relays 1320 and 1321 in the sender op-
erate, battery and ground through coil 1323 are
connected over brushes {314 and 1315 to the wind-
ing of relay 800 which operates and extends the
ring conductor over the outer left back contact
of relay 801 to the left winding of tone coil 802,
the tip conductor already extending thereto
through condenser 803 and over the outer right
back contact of relay 801. :

When the operator occupied this position the

10

15

20

25

30

85

40

45

50

65

60

insertion of the plug of headset 804 in jack 805 °

operated relay 806. Therefore, when relay 800
operates it. closes a circuit from ground through
the winding of relay 807, left contact of relay
800, to battery at the inner left contact of re-
lay 806. Relay 807 closes the primary circuit of

‘tone coil 802 connecting tone to the tip and ring

conductors. It also -operates relay 809 which
opens the tone circuit and operates relay 810.
Relay 810 recloses the tone circuit and operates
relay 811, which reopens the tone circuit and
operates relay 801 which locks and connects the
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" connected -through resistance 4307, winding of _
relay 4305, resistance 4306 and battery but the .
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one at the test frame.

‘the dial.

headset.
The test man listens to the tones as transmitted

through the sender and can request the “B” oper-

ator to operate keys or perform any function
which she normally does on a regular service
call,

When making these tests, key 2018 is operated
to cause the test circuit to pass by all termi-

-nating senders.

Position circuit test
Position circuits may also be tested with this

equipment and when it is desired to do so, two

test men cooperate, one at the “B” position and
The “B” position circuits
are tested by the test circuit in connection with
a sender circuit. For this reason a sender is se-
lected and given a routine test with- the repeat
key 2712 operated. After the sender has been
tested, key 3608 is operated. When next, relay
3607 operates, a circuit is closed from battery
through the winding of relay 3621, back contact
of relay 3609, operated contact of key 3608, outer
upper contact- of relay 3607 to ground. With

relay 3621 operated, the key pulsing conductors’

are connected toward brushes of the position
finder 4310. The position finder is operated to
connect with the desired position by operating
key 3624 which connects ground to dial 4304.
When the dial is moved off-normal ground is

relay is shunted by the interrupter contact of
As the dial returns to normal this
shunt is opened a number of times and relay
4305 is operated a corresponding number of
times.  Each operation of relay 4305 connects
ground from key 3624 to stepping magnet 4317
to advance the switch 4310 to the desired posi-
tion circuit.

When this position has been reached, key 3624
is opened and key 3625 closed. Key 3625 con-
nects ground from conductor 3623, over the

3 lower normal contact of key 3600, contacts of

key 3625, winding of relay 4336 and battery. Re-
lay 4336 connects ground over its middle lower
contact and the . upper.normal contact of key
3626 to conductor 4320, lighting lamp 4332 over
the back contact of relay 4321. It also connects
ground over its inner upper. front contact to
the upper winding of relay 4331 and battery
over its inner lower front contact to the lower
winding of relay 4331. In.addition relay #4336
connects the two windings of relay 4337 to brush
4313 and connects coil 4300 to brushes 4311 and
4312.

The test man at-the B position inserts a head-
set in the telephone jacks of the selected posi-
tion. = Assuming that this is the position of Fig.
8, the insertion of headset 804 in jack 805 op-
erates relay 806 as before. With relay 806 op-
erated battery is connected over the inner left
front contact of relay 806, left contact of key

5 808, right normal contact of relay 807, resistance

812, to conductor 813 which is connected to the
terminal of brush 4313 and the junction be-
tween the windings of relay 4307. If the bat-
tery connection is satisfactory, relay 4307 oper-
ates and closes a circuit from ground at the
middle lower contact of relay 4306, upper nor-
mal contact of key 3626, conductor 4320, right
contact of relay 4331, winding of relay 4308 and
battery. Relay 4308 locks to conductor 4320 and
connects battery through resistance 4309, wind-
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talking conductors through to the 6pera.tor’s .‘ing of relay #318; back contact of relay 4339,

lower back contact of relay 3627, outer lower
contact of relay 4308, brush 4314, conductor
4319, inner right back contact of relay 807, wind-

- ing of relay 814 to ground. Relay 8{4 operates,

closing a circuit from ground through inter-
rupter 815, lamp 816, contact of relay 8i4, to
battery at the inner left contact of relay 806.

The man at the “B” position, ‘cbserving the
flashing lamp, operates key 808, which connects
ground in shunt of the winding of relay 814.
Relay 4318 which is marginal and did not oper-
ate in series with relay 814, now operates and
closes an obvious circuit for relay 432f, which
extinguishes lamp 4322 and closes a locking cir-
cuit through the winding of relay 4339, front
contact of relay 4321 to ground over conductor
4320. 'When key 808 is released, relay 4319, op-
erates. It connects battery through the lower
winding of coil 4323, outer lower front contact
of relay 4339, upper winding of differentially
wound relay 4324, resistance 4325, inner lower
front contact of relay 4308, lower normal con-
tact of key 3626, third upper contact of relay
4306, brush 4311, conductor 4326, winding of re-
lay 800, conductor 4327, brush 4312, outer up-
per contact of relay 4336, resistance 4328, lower
winding of relay 4324, inner lower contact of re-
lay 4339 fo ground through the upper winding
of coil 4323. Relay 800 in the position ‘circuit
operates, closing a circuit for lighting lamp 811
and initiates the transmission of the order tones
as previously described, after which the talking
circuit is established between the “B” position
and the test circuit. When relay 807 operates,
battery is disconnected from conductor 813 re-
leasing relay 4337.

When lamp 817 lights, the test man again de-
presses key 808, which at its inner right con-
tact connects ground over the outer left front
contact of relay 801, right contact of relay -800
to conductor 4327 directly and through the
winding of relay 800 to conductor 4326. With
the current flow through relay 4324 thus un-
balanced, that relay operates and closes a circuit
from battery through the winding of relay 3627,
front contact of relay 4328, outer upper front
contact of relay 4308, left contact of relay 4337
to grounded conductor 4320. Relay 3527 oper-
ates, locks to conductor 4320 and extinguishes
lamp 3628. - With relay 3627 operated the puls-

_ing conductors are extended to the position cir-

cuit. Conductor 3611 extends over the outer
lower front contact of relay 3621, middie upper
front contact of relay 3627, brush 4315, con-
ductor 4329, through resistances 818 and 819
outer left back contact of relay 828 to battery
over conductor 830 and the contacts of relays
800 and 806. Conductor 1332 extends over the
middle lower front contact of relay 3621, inner
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lower front contact of relay 3621, brush 4316,

conductor 4330, winding of relay 822, left back
contact of relay 823, right back contact of re-
lay 824 to ground at key 825. Conductor 1327
extends over the inner upper front contact of
relay 3621, outer lower front contact of relay
3621, outer lower contact of relay 43068, brush
4314, conductor 4319, inner right front contact
of relay 807, through resistances 826 and 827,
inner left back contact of relay 828 to battery
over conductor 830. :

Relays 1502 and 1506 operate in turn operating
relay 1503 as before which locks to conductors
3611 and 1327 and causes the operation of the
transfer relays 1507 to 1512 and 1505. When
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the transfer relays have operated battery is con-
nected to conductor {333, operating relay 822
in the position circuit. Relay 822 locks over its
outer left contact, conductor 829, outer left front

. 5 contact of relay 807 to ground at the outer right

contact of relay 806. Relay 822 also extends
ground from conductor 829 over its inner left
contact to the winding of relay 823 and battery
over conductor 830. Relay 823 locks over its
10 left front contact and the right back contact of

relay 824 to ground on key 825. It also closes &

circuit from battery through the winding of re-
lay 828 to ground over conductor 829. Relay
828 disconnects battery from conductors 4319
15 and. 4329, thereby releasing relays 1502, 1506 and
{503 in the sender. The release of relay 1503
operates relay 1513 which disconnects battery
from conductor 1333, thereby releasing relay 822,
Relays 1503 and 1513 connect ground to the cir-
20 cuits extending over conductor 1333. With relay
822 released lamp 817 is extinguished to indicat=
that the sender is ready. The release of relay
822 also extends conductor 1333, which is con-
nected to conductor 4330, through the lcit wind-
ing of relay 82l, right back contact of relay 822.
outer right front contact of relay 823 through re-
sistances 831 and 832 to the keyset 820. With re-
lay 828 operated, the circuits above traced over
2 conductors 4319 and 4329 also extend to the keyset
820.

The test man at the position can then proceed
to set up on keyset 820 any number that the man
at the test frame has set up on the test circuit
keys of Figs. 32 and 39. At any time before the
units digit is sent, the position reset key 825 may
be operated, disconnecting ground from the lock-
ing circuit of relay 823 causing that relay and re-
lay 828 to release and wipe out the registration
in the sender. When the key is released the
40 sender and position again prepare themselves for

registration.

When the last digit has been recorded by the
sender, the sender functions and opens the cir-
cuit of relay 3607, which releases. The test cir-

45 cuit and sender circuit then function to advance
to normal after a check has been made of the
registration. To release the position circuit, key

3626 is operated. This opens the circuit of relav

800, which releases, in turn, releasing relav 807
60 and other relays of the position circuit. Relav

80T aesain connects battery to conductor 813,

Key 3626 also disconnects ground from condue-

tor 4320. releasing relavs 4321, 4339, 3627 and

4398. With these relays released and battery
65 aenin connected to conductor 813, relay 4337 re-

operates and the test circuit and position circuit

continue to function as previously described when
kev 3626 is released.

Key 3629 of the test circuit may be overated

60 to eliminate the operation of key 808 of the posi-
tion circuit. When relay 4337 operates with key
3629 operated, relays 4321, 4339 and 3627 operate
and the test circuit functions without operating

o key 808.
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Repeat test

If it is desired to make a number of tests of

the same sender, key 2712 is operated. With -

this key operated, the ground connected to con-
70 ductor 3826 at the end of a test, extends over the
back contact of relay-1906, conductor 1921, right
normal contact of key 2713, left altermate con-
tact of key 2112 to the winding of meter 2616
which records the number of repeated single
75 tests which are made. Meter 26i6 connects

27

ground to conductor 2617, thereby grounding in-

terrupter 2115. When interrupter 21 {5 closes its -

left contact it operates relay 2714 and when 1t
closes its right contact it operates relay 2719
over the contact of relay 2714, Relays 2714 and
27(9.both lock to conductor 261T.

Relay 2718 connects ground from conductor
2606 over the lower contact of relay 2714, upper
left alternate contact of key 2112 to conductor
3031, which operates relay 3029 which in turn
operates relay 3030 to cause the group of senders
to be made busy. Relay 2119 which operates one
sec .d after relay 2714, connects ground over
its upper contact, lower inner right alternate
contact of key 2712 to the winding of relay 1908
and battery, operating that relay without oper-
ating relay 1914, Relay 1908 at its outer upper.
contact opens the locking circuit of relay 2012.
causing that relay to release and restore the con-

trol circuits to normal, thereby removing ground

from conductor 3826 and releasing meter 26(6.
With meter 2616 released, relays 2114, 2719 and
1908 release.
to hold relay 1908 operated until all of the relays
under the control of the back contacts of relay
1808 release, before opening the circuit of relav
1908. With relay 1908 released a new test is
started upon the same sender.

Repeat twice test

In order to test the same sender twice before
advancing to the next sender, key 2T13 is oper-
ated. With key 21(3 operated, when conductor
3826. is grounded, the ‘circuit extends over the
upper back contact of relay 1906, conductor 1921,
right alternate contact of key 2T13, lower back
contact of relay 2618, winding of relay 2729 and
battery. Relay 2720 at its outer upper contact
connects ground over the upper back contact of
relay 2618 to conductor 2617 and thereby to in-
terrupter 2715. As above described the. inter-
rupter operates relays 2714, 2719 and 1998, Re-
lay 1908 restores the test circuit as usual. causing
the removal of ground from conductor 3826.

Relay 2720 in operating closed a circuit from
battery through its winding and the lower wind-
ing of relay 2618, lower front contact of relay
2720, outer upper back contact of relay 2601 to
ground at the outer lower front contact of relay
2605. When ground is removed from conductor
3826, relay 2618 operates.
1908 release and cause & new test to be started
on the same sender. Relay 2720 connects
ground over its inner uvper contact, conductor
2721, through cable 2718, which would lock re-
lay 3711 and block the test if the sender were
slow in releasing.

At the conclusion of the second test, ground on
conductor 3826 is extended as before to conduc-
tor 1921, right alternate contact of key 21 13, up-
per front contact and winding of relay 2618 to
battery and over the lower front contact of relay
2618, lower inner left normal contact. of key 2712,
winding of meter 2611 and battery. Meter 2611
operates relays 1914 and 1908 which release re-
lay 2605. Relay 2605 opens the locking circuit
of relay 2720 through the winding of relay 261°
and relay 2720 releases, but relay 2618 is held
in the subsequently traced locking circuit. When
ground is removed from conductor 3826, relay
2618 also releases as well as meter 2611 and re-
lays 1908 and 1814 causing the advance to an-
other sender. '

Relay 2118 is made slow to release -
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Automatic pass busy jeat‘ufe

If it is desired merely to test those senders
which are idle, key 1819 may be operated. - ‘With
this key operated the test circuit waits for a
measured length of time and then advances to
the next sender.

When relay 2600 operates, it closes ground
over conductor 2609, outer upper contact of relay
10' 1808, conductor 3001 through cable 3002, left back

‘ contact of relay 3000, conductor 2602 through
cable 2603, outer lower back contact of relay
2601, conductor 2604, inner right contact of key
‘1907, conductor 18{1 to interrupter 1902. In-
terrupter 1902 operates relay 1808 which locks
and closes & circuit for relay 1904 to conductor
1911, When the interrupter opens, relay {904 op-
erates. At the next interrupter closure relay 1903
is shunted and released, closing a circuit from
20 ground on conductor 2604, outer right contact of
- key 1901, front contact of relay 1904, back con-

tact of relay 1903, winding of relay 1905 and bat-
tery. Relay (905 locks to conductor £9i{ and
closes a circuit from battery through the upper

25 winding of relay 1918, middle upper contact of
relay "1805, conductor 1922 through cable 2603,
right front contact of relay 8701 which is held
operated if the sender is busy, outer left front
contact of relay 3704, conductor 3006 through
80 cable 2118, inner lower contact of relay 2008 to
" grounded conductor 2606. Relay 1918 locks in a
circuit from battery through its lower winding
and lower front contact, outer upper contact of

=

15

‘relay 1908 to grounded conductor 2608. With

85 key- (919 operated, relay 1918 closes a circuit
from ground at the outer lower front contact of
relay 28085, outer upper back contact of relay 2601,
lower back contact of relay 2720, outer upper con-
tact of relay 1918, key 1919, outer left normal

&0 contact of key 2112 to the winding of pass busy

© meter 2615. Meter 2615 connects ground to re-
lay 1914 which advances the test circuit to the
next sender in the usual manner.

If key 1919 is not operated, the next operation

43 of relays 1803 and 1904, operates relay 1906 which
‘lights lamp 1923 and grounds conductor 192 to
sound an alarm. Relay 1918 and meter 2615
may also be operated under the control of the
sender group test circuit.

) Particular circuit selection.

In order to pick a particular sender for test,
key 2619 is first operated to select the proper
level. With key 2619 operated a circuit is closed
from ground over the inner lower contact of
‘the key, through the winding of relay 2620 and
battery. Relay 2620 operates and locks over its
lower front contact, normal contact of relay 2600,
to ground over conductor 2002. Relay 2620 closes

60 & circuit from ground at the outer left contact of
key 1915, upper contact of relay 2620, normal con-
tacts of relays 2605, 1914 and 1908 to the normal
contact and winding of relay 2000. Relay 2000
locks to conductor 2002 and closes a circuit for

65 relay 2004 which cannot operate, being shunted
by the opersating circuit of relay 2000. With relay
2000 operated the first sender is selected as pre-
viously described and relay 2605 is operated.

With relay 2605 operated, ground is connected

70 from ground at the inner lower back contact of
relay 2600, upper contact of key 2619, third upper
front contact of relay 2605 to the winding of re-
lay 1914 and battery, Relay 1814 operates relay
1908 and releases relay 260§ which in turn re-

g5 leases relays 1914 and 1908. Relay 1908 in op-

erating and releasing permits relay 2084 to op-

"erate and then releases relay 2000 to. select the

next sender., When relay 2000 releases to close
the circuit for the odd hold magnet a circuit is
closed from grounded conductor 1916, outer up- 5
per back contact of relay 2000, conductor 2025,
upper back contact of relay 2600, outer lower con-
tact of key 2619, to the winding of relay 2700 and
battery. Relay 2700 locks to conductor 2025, re-
moves ground from start key 1900 and closes at 10
its inner lower front contact a connection from
ground at the Inner lower back contact of relay
2600 to the third upper armature of relay 2605
50 that the release of key 2619 will not block the
advance. 15

When relay 2000 next operates, relay 2008 is
operated over the outer lower front contact of re-
lay 2700, and the odd hold magnet and relay 2700
are released, causing the advance to the next
sender in the usual manner. The advance to the 20
next level is as previously described. This op-
eration continues as long as key 2619 is held op-
erated.

Since each select relay, as it operates, closes a
local circuit for the corresponding lamp and re- 25
lays 1810 to 2519 close similar circuits individual
to the horizontal magnets, by watching the lamps,
it may be determined when the test circuit nears
the desired sender. . 30

At this time key 2619 is released. Key 2621 is
now operated, closing a circuit from battery
through resistance 2607, upper contact of key
2621, lower normal contact of relay 2600, second
upper front contact of relay 2605 to the winding 35
of relay 2613 and ground. Relay 2613 locks over
Its right contact, normal contact of relay 2600
and contact of key 2821 to battery. At its left
contact it closes a circuit for relay 194 which op-
erates, operates relay 1908 and releases relay 2605. 40

When key 2621 is released, relays 2613, 1914 and
1908 release and cause the test circult to advance
to the next sender. This operation is repeated
until the desired sender has been selected:

If key 262{ is operated while no sender is con-
nected to the test circuit, the circuit of relay 2613
extends over the lower back contact of relay 2620
to the normal contact of relay 2600;.over key 2621
to battery. As usual, relay 2613 operates relay
1914 which operates relay 1908. With relay 1908 5q
operated, & circult is closed from battery through

. the winding of relay 2620, lower front contact of

relay 1908, to ground at the lower contact of key
2621. Relay 2620 locks under the control of relay
2600. When key 2621 is released the first sender 55
is selected. Subsequent operation of key 2621
will advance the cross-bar switch one step at a
time.

When key 1908 is operated, in turn operating
relay 2600 to start testing, relay 2605 is operated g0
and prevents stepping to the next sender until the
test is completed.

What is claimed is:

1. In a telephone system a plurality of register
senders, a sender test circuit, a cross-bar switch 65
for connecting said test circuit with any one of
said register senders, said switch having a plu-
rality of cross-points controlled by a plurality of
hold magnets and a plurality of select magnets,
and means in said test circuit to successively 70
operate said select magnets and to successively
and repeatedly operate said hold magnets to se-
lect said senders for test.

2, In a telephone system a plurality of regis-
ter senders, a& sender test circuit, a cross-bar 75
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switch for connecting sald test circuit with any
one of said register senders, said switch having
a plurality of cross-points controlled by a plu-
rality of hold magnets and a plurality of. select
magnets, means in said test circuit to operate
any one of said select magnets and any one of

sald hold magnets to select a sender for test,

means for testing said sender and means respon-
sive to the completion of said -test for operating
a succeeding hold magnet to select another sender
for test. .

‘3. In a telephone system a plurality of register
senders, a sender test circuit, a cross-bar switch
for connecting sald test circuit with any one of
said register senders, sald switch having a plu-

rality of cross-points controlled by a plurality

of hold magnets and a plurality of select mag-
nets, means in said test circuit to operate any
one of said select magnets and any one of said

hold magnets to select & sender for test, means '

for testing said sender and means under the
control of the operated hold magnet for operat-
ing & succeeding hold magnet to select another
sender for test.

4. In a telephone system a plurality of regis-
ter . senders, a sender test circult, a cross-bar
switch for connecting said test circuit with any
one of said register senders, saild switch having
a plurality of cross-points controlled by a plu-

rality of hold magnets and a plurality of select.

magnets, means in said test circuit to operate
any one of said select magnets and any one of
said hold magnets to select a sender for test,
mesns for testing said sender and means under
the control of the operated hold magnet respon-
sive to the completion of said test for operating
another hold magnet to select another sender for
test.

5. In a telephone system a plurality of register
senders, a sender test circuit, a cross-bar switch
for connecting said test circuit with any one of
said register senders, said switch having a plu-
rality of cross-points controlled by a plurality
of hold magnets and a plurality of select mag-
nets, means in said test circuit to operate any
one of said select magnets and any one of said
hold magnets to select a sender for test, means
for testing said sender, means under the control
of the operated hold magnet responsive to the
completion of said test for operating another
hold magnet to select another sender for test,
and means responsive to the operation of said
other hold magnet to release said previously op-
erated hold magnet.

6. In @ telephone system a plurality of regis-
ter senders, a sender test circuit, a cross-bar
switch for connecting said test circuit with said
register senders, said cross-bar switch operated
by a series of select magnets and a series of hold

magnets, means in said test circuit to operate ~

a select magnet and a hold magnet to connect
a sender with said test circuit, means responsive
to the completion of a test and controlled by the

operated hold magnet to operate the next hold -
magnet in said series, and means responsive to-

the operation of the last hold magnet of sald
series to operate the next select magnet of the
series and the first hold magnet of said series.

7. In a telephone system a plurality of register
senders, a sender test circuit, & cross-bar switch
for connecting said fest circuit with said register
senders, said cross-bar switch operated by a series
of select magnets and a series of hold magnets,

means for progressively testing said senders com- .

prising means to operate one select magnet of

29

“sald series, means to successively and repeated-

1y operate said series of hold magnets in response
to the completion of tests and means responsive
to each operation of the last hold magnet in said
series to successively operate the select magnets
of sald serles. :

8. In a telephone system a plurality of register
senders, a plurality of control circuits, a con-
nector for connecting any one of said senders

-with ‘any one of said control circuits, a sender

test circuit, means in said test circuit for select-
ing a sender for test, means for identifying said
selected sender in said connector, means respon-
sivée to the test of said sender for connecting
said sender with one of said control circuits and
means responsive to the ¢onnection of said sender
with said control circuit for causing said connect-
ed control circuit to connect itself with said test
circuit.

9. In a telephone system a plurality of register
senders, a plurality of control circuits, a con-
nector having a set of terminals for each sender
and each control circuit and means for operat-
ing said terminals to connect any sender with
any control circuit, a sender test circuit, means in
said test circuit for selecting a sender for test,
means to identify the set of terminals individual
to the selected sender in said connector, means
responsive to the test of said sender for connect-
ing said sender with one of said control circuits,
means in said control circuit for connecting said
control circuit with said test circuit and means
responsive to the connection of said sender with
said control circuit for operating said control cir-
cuit connecting means.

10. In a telephone system a plurality of register
senders, a plurality of markers, a connector for
connecting said senders to said markers, a sender
test circuit, means in said test circuit for select-
ing a sender for test, means to set up g registra-
tion in said sender, means in said sender respon-
sive to sald registration to cause said connector
to connect said sender with a marker, means re-
sponsive to said connection to transfer said regis-
tration to said marker, means in said marker nor-
mally responsive to said registration to perform a
switch controlling operation, means in said test
circuit to identify the selected sender in said
connector, and means in said marker responsive
to said identification to connect said marker with
said test circuit and to disable said switch con-
trolling function.

11. In a telephone system, senders arranged in
groups, a link circuit for seizing said senders for
service connections, including a group circuit in-
dividual to each group of senders, said group cir-
cuit’ comprising a sender busy relay for each
sender and means for indicating the number of
jdle senders in the group, a sender test circuit,
means for connecting said test circuit with any
desired sender, means for testing whether said
sender is busy or idle, means for connecting said
test circuit with said link circuit and means to
control said sender through said link circuit to
mark said sender busy to a service connection.

12. In a telephone system, a registering device,
means in said registering device to simultaneous-
ly transmit revertive pulses to a distant selection
control device and to establish a corresponding
registration in said registering device, a switch
controlling device, means for connecting said
registering device with said switch controlling
device, means for transferring said registration to
said switch controlling device, a test circuit,
means for connecting said test circuit with said
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registering device, means in said test circult re-
sponsive to revertive pulses to control the estab-
lishment of a registration in said registering de-
vice, means for connecting said test circult with
said switch controlling device and means in said
test circuit for recording said transferred regis-
tration.

13. In a telephone system, a registering device
means in said registering device to simultaneously
transmit revertive pulses to a distant selection
control device and to establish'a corresponding
registration in sald registering device, a switch
controlling device, means for connecting said
registering device with said switch controlling
device, means for transferring sald registration to
sald switch controlling’ device, a test circuit,
means for connecting said test circuit with said
registering device, means in said test circult re-
sponsive to revertive pulses to control the estab-
lishment of a registration in said registering de-
vice, means for connecting said test circuit with
said switch controlling device, means in sald test
circuit for recording said transferred registration,
and means for comparing said transferred regis-
tation with the registration established in said
registering device.

14. In a telephone system, senders arranged in

2,225,688

groups, a iink circuit for selzing sald senders for
service connections including a group circuit in-
dividual to each group of senders, said group cir-
cuit comprising a relay for each sender and chain
circuits controlled by sald relays for permitting
the selection of one of the senders of said group,

a test circuit, means to connect sald test circuit

with said link circuit and with a particular group
circuit, means in said test circuit operated over
sald chain circuits, and means to prevent the ad-
vance of the test if said last-mentloned means
fails to operate.

15. In a telephone system, senders arranged in

groups, & link circuit for seizing said senders for
service connections including a group circuit in-
dividual to each group of senders, said group cir-
cuit comprising a relay for each sender and chain

circuits controlled by said relays for permitting

the selection of one of the senders of said group,
a test circuit, means to connect sald test circuit
with said link circuit and with a particular group
circult, relays in said test .circult operated over
said chain circuits, means to prevent the progress
of the test if said relays fail to operate, and means
to prevent the progress of the test if said relays
fall to release following the selection of a sender.
JOSEPH W. DEHN.
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