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23 Claims.

This invention relates to o system for making
routine tests of dial telephone equipment and has
for its object to increase the efficiency and flexi-
bility of such a testing system.

Heretofore, it has been ctuistomary to predeter-
mine a number of test conditions for a piece of
apparatus to bz tested and to submit all of the
similar pieces of apparatus to all of these test
conditions in turn. In the arrangement embody-
ing the present invention, it is possible to set up
any desired test condition and apply this condi-
tion to a particular piece of apparatus or to all
of them in turn. Furthermore, the arrangement
is such that two or more types of apparatus may

5 be tested although the test conditions must be

reset for each type of apparatus and the testing
operation is arrested whenever the testing of the
particular type has been completed.

Specifically the invention resides in an im-
proved testing arrangement for testing register
senders adapted to function under the control
of a subscriber’s dial and register senders adapt-
ed to function under the control of an operator’s
key set. The testing arrangement includes a
key set which controls the transmission of desig-
nations to either type of sender and tests the
accuracy of the designations as sent out by the
senders.

Among the specific improvements provided are
means for testing short circuits around the con-
tacts of the relays which control the transfer of
the numerical registration to the selection control
registers. The subscriber’s sender is arranged
to recognize certain codes and numerical com-
binations as indicating the possibility of receiv-
ing a five digit number, and to respond thereto
to delay the establishment of the selection con-
trol circuit for a predetermined length of time.
The prezent testing circuit provides means in
ccnnection with a single type of test for trans-
mitting designations including four or five digit
numbers and for arranging the testing circuit to
determine whether the sender does or does not
delay the establishment of the selection control
circuit correspondingly. The testing circuit also
renders this testing means ineffective when test-
ing operator’s senders which do not provide such
a delay. In addition a relay arrangement is pro-
vided in connection with certain tests to deter-
mine whether the selection control circuit is
clozed for a necessary minimum length of time.
Cther novel features will become apparent from
the following description.

A sender controlled by a subscriber’s dial is
disclosed in Patent No. 1,862,549, granted to R.

(CL 198—175.23)

Raymonid et al., June 14, 1932, while a seénhder
for control by aii opérator’s key set is disclosed
in Patent No. 1,897,083, granted to W. B. Strick-
ler, Feb. 14, 1933. Reference is made to these
disclosures for detdils as to the operation of the
senders.

The operation of the testing circuit will be—
ccme more apparént from the detailed deserip-
tion which follows, read in connection with the
accompanying drawings in whieh:

Fig. 1 shows a layout diagram for the remain-
ing figures;

Figs. 2 to 41, inclusive, show the testing circuit;

Figs. 2, 3 and 7 showing the dialing ¢ontrol
switeh and agsociated apparsdtus;

Figs. 4, 5, 8 and 9, the designgtion keys;

Fig. 6, a timing drratngeinent;

Figs. 10 and 11, sequence switches for record-
ing the thousand and hundreds digits of test
designations;

Figs. 12, 18, 25, 30, 31, 32, 36, equipment for
use with various tests;

PFigs. 13, 19, 20, 21 and 26, the key pulsing
control switch and associated apparatus;

Figs. 14 and 15, the selection control keys;

Figs. 16, 17, 22 and 23, the switches, keys, re-
lays and sequence switch for controlling a con-
nection to a serider to be tested;

Fig. 24, the relays for testing zone reg1stra—
tion;

Figs. 27 and 28, lamps for identifying tests and
selections as they are made;

Figs. 29, 33, 34, 35, 40 and 41, the apparatus
for controlling and checking call indicator test
calls;

Fig. 37, the class szquence switch, and

Pigs. 38 and 39 showing the control sequence
switch and counting relays for full mechanical
test calls.

Pigs. 42 to 53, inclusive, show an operator’s
sender;

Fig. 42 showing the counting relays;

Figs 43 to 45 and 47 to 49, the incoming reg-
isters and certain other equipment;

Fig. 46, the impulser sequence switch;

Fig. 50, the control sequence switch;

Fig. 51, a number of control relays; and

Figs. 52 and 53 showing the selection reg1sters

Figs 54 to 67, inclusive, shew a subscriber’s
sendar;

Fig. 54 showing the pulse receiving relays;

Fig. 55, the time alarm switch;

Figs. 56 to 58 and 61 to 63, the incoming reg-
isters; ,

Fig. 59, the counting relays;
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Fig. 60, the stepping relay and other confrol
relays;

Fig. 64, the conirol sequence switch;

Figs. 65 and 66, the selection control registers,
and

Fig. 67 showing the impulser sequence switch.

As stated above this sender testing circuit is
arranged for testing both full mechanical and
operators’ senders. It is connected with the
senders by means of a pair of master selectors
and sufficient sender selectors to connect with all
of the senders to be tested, senders of different
types being connected to different sender selec-
tors

Tha connection of the test circuit with a sender
and the testing of the busy or idle condition of
the sender is controlled by means of sequence
switch 1600. Sequence switch 1600 goes through
two similar cycles of operation in making one
revolution, either one of which may be modified
by the operation of relay 2203 to advance the
master selectors, either at the beginning of a
test or when all senders connzcted to a sender
selector have been tested. For convenience only
the positions of the first cycle will be used in the
following description.

The operation of the test circuit itself is con-
trolled by five sequence switches, switches 200,
1300, 3300, 3700 and 3800. Sequence switch 3700
is a class sequence switch and is positioned by
the class keys of Figs. 14, 15, 20 and 21. Sequence
switch 3700 modifies the operation of the other
apparatus in accordance with the class or type
of test call to be made.

The following table indicates the relationship
between the class keys, positions of class sequence
switch 3700 and the nature of the test ecall:

Key | Position | Test call

1561 -1 | Complete full mechanical call

1562 2 | Incoming selector to.overflow

1563 3 | Office selector to overflow

1564 4 | Permanent signal condition

1465 5 i Call to special service operator

1466 6 | Call to three digit operator

2106 6 | Call to three digit operator through distant office
selector :

1467 7 | Call to unassigned or restricted code

1468 8 | Call abandoned after dialing thousands digit -

1469 9 | Test of register -control equipment

1574 13 | Direct call indicator call

2113 13 | Tandem call indicator call

1475 14 | Abandoned call indicator call, no distant office

. selector

1476 15 Abalndoned call indicator call with distant office
selector

1477 16 | Tandem call indicator call to three digit operator

2100 18 | Timed out call—Operator’s sender

2017 18 | Operator’s errors—Trunk to office selector

2011 15 | Operator’s errors—Trunk to tandem district
selector

2006 2 | ‘Operator’s errors—Trunk to incoming selector

Full mechanical senders are adapted to receive
designations by means of dial impulses, that is
interruptions of the talking circuit, and for set-
ting such senders sequence switch 200 is provided.
This sequence switch controls the transmission
of pulses from interrupter bank 400. This infer-
rupter is operated from a common drive shaft.
The interrupter contacts 431 and 432 transmit ten
pulses during each revolution of the drive shaft,
while interrupter-contact 433 maintains a shunt
around all of the other interrupter contacts ex-
cept during the positions in which the pulses are
to be sent out. Interrupters 431 and 432 differ
only in the relative duration of their open and
closed periods, interrupter 432 having longer
open periods. Key 401 determines which contact
is to be used. Interrupters 434 to 442 maintain
shunts around the dialing contacts under the

1,958,635

control of the operated digit keys so that all but
the desired number of pulses are shunted out.
Tor example, with key 407 closed, the shunt
through interrupter 440 is effective, and the first
three pulses are shunted out so that only seven
impulses are transmitted to the sender. Inter-
rupter 443 is closed during the open period of in-
terrupter 433 and controls relay 316 which in turn
controls the advance ¢f sequence switch 200.
Sequence switch 200 is arranged to transmit a
digit in each position from position 3 to position
12, inclusive, by placing the interrupter bank
under the control of the proper set of keys.
Where the test call does not reguire a particular
digit, the class switch or class key provides a cir-
cuit for passing the dialing sequence switch
through the corresponding position. Circuits for
lamps 227 to 236 are prepared by sequence switch
200 to indicate which digit is being transmitted.
The key pulsing or operator’s sender is ar-
ranged to receive the designation by means of
code pulses over the tip and ring conductors, the
code pulses consisting of battery and ground
through high or low resistances in accordance
with a set code. This code is set forth in the
Strickler patent, above mentioned. Sequence
switch 1300 controls the transmission of these
code pulses to the sender which are actually
transmitted by means of the transmitting relays
2001 and 2062, 2004 and 2005, etec. This sequence
switch performs two cycles of operation in mak-

80

85
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95
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ing one revolution, but, in general, only the posi- .

tions of the first eycle will be used in the follow-
ing deseription. When a subscriber’s sender is to

be tested, key 1208 is normal, but when an opara- ¥

tor’s sender is to be tested, key 1206 is operated,
resulting in the operation of relays 505 to 508 and
515 to 518 which rearrange the registering and
checking conductors and prepare the circuits for
supplying battery and ground through the prop-
er resistances toc the keys for use by the frans-
mitting relays.

Sequence switch 3800 is used in testing full
mechanical selections whether made by the sub-

115

scriber’s sender or by the operator’s sender, and 12

advances from position to position under control
of the counting relays which are in turn con-
trolled by relay 3004.

In the testing of the senders for their ability

to handle call indicator calls, sequence switch i

3300 is used in checking the accuracy of the oper-
ation. In its first few positions it checks the dis-
trict and office selections in a manner similar to
the full mechanical checking switch 3800 after
which the number as transmitted from the send-
er is recorded on the relays of Figs. 34 and 40,
the transfer relays appearing in Figs. 35 and 41.
When one digit has bsen received, it is checked
and sequence switch 3300 advances if it is re-

ceived correctly. Lamps 3520 to 3529 are used to 2%

indicate the number received for any digit if it
fails to check. .

The lamps of Figs. 27 and 28 serve to indicate
the point at which a call is at any given time, the

circuits for these lamps being prepared by the 1

appropriate apparatus and being completed by
the operation of key 2700 which may remain op-
erated throughout the tests or may only be opsr-
ated when the time alarin indicates a faiiure.

A single set of keys, including ten for-each of !

the code and numerical digits and six for the
stations and ten thousands digits jointly are em-
ployed, these same keys being used for control-
ling the transmission of either code or dial pulses

and for checking call indicator pulses from either I
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type or sender. For checking selections a seb of
keys is provided for district brush, district group,
office brush and office group selections. Due to
the translation involved in full mechanical selec-
tions between the thousands and hundreds dig-
its, these digits are transferred to the sequence
switeh type registers 1000 and 1109, respectively,
which make the propaer translation. The itens
and units digits are checked both as to full me-
chanical and call indicator cails directly from the
keys themseives. Talking selection keys are pro-
vided one for each of the normal talking posi-
tions and the remainder for use where the send-
er transmiis a zone regisiration tc the distriet
selector. A series of compensating resistances
are also provided with one set of keys for con~
trolling the resistance to be included in the fun-
damental circuit during district and office selec-
tions while a different set of keys controls the
resistance to be used in checking seclections be-
yond office selections. The resistance to be used
is complementary to the resistance expected in
the sender.

Before starting a test, the test circuit must
be prepared by the operation of the proper keys.
A key for each digit of the test designation must
be cperated. Where a particular digit is not
required, the zero key for that digit would usu-
ally be operated. For tests of subscribers’ send-
ers, district brush, district group, coffice brush,
office group and talking selection keys would or-
dinarily be operated, although if skip office key
1425 is operated no other office key need be op-
erated. Tor operators’ senders the no district
key 1405 may alsc be operated in lieu of other
district keys. One of the class keys must aiso
be operated to prepare the test circuit for the
desired functions. Compensating resistance keys
are closed fo control the fundamental circuit
resistance. One of the link or trunk class keys
2304, 2305 and 2317 may also be operated to
transmit a corresponding indication to tha
sender. XKey 1206 is or is not operated accord-
ing as the senders to be tested are operators” or
subscribers’ senders; key 404 is operated or not
depending . on whether a two digit or a three
digit code is to be used. Any other special test
keys are then operated and finally sfart key
2200.

TESTS OF SUBSCRIBERS’ SENDERS
Full mechanical call—Completed

Assuming that all subscribers’ senders are to
be tested for handling a full mechanical call
and that the test number is Halifax 5-3678 the
No. 4 A-code key 504 is operated, the No. 2 B-
cede key 512, the No. 5 C-code key 425 and the
numerical keys 993, 816, 827 and 838. Since no
stations digit iz included in this number the zero
stations key 940 is operated. Assuming that this
number requires the selection of the third dis-
trict brush, the fourth group of office trunks,
the zero office brush and the eighth group of
incoming selectors, district brush key 1502, dis-
trict group key 1513, cffice brush key 1520 and
office group key 1437 are operated. In addition
talking selection key 1551, class key 1561, link
class key 2305, compensating resistance keys
2115 and 2128 are operated. Key 3600 is also op-
erated to prepare for testing the marginal trunk
test relay of the sender which is only used on
full mechanical calls. Key 404 is operated to in-
dicate a three digit code. The operation of these
keys sets up the conditions which must be met

3

by the sender if it is operating correctly. Fol-
lowing the operation of these preparatory keys,
start key 2200 is operated.

The operation of class key 1561 connects
ground to conductor 3727, which extends over
the lower left contact of cam 3705 to the wind-
ings of sequence switch magnet 3700 and relay
3611, Magnet 3700 advances the class sequence
switch to position 1 where it is ready to control
a, full mechanieal test call and relay 3611 holds
the normal checking path open until the class
sequence switehh has come to rest, when it re-
leases.

80

85

The operation of start key 2200 prepares the

normail checking circuit by closing a circuit from
ground at the left back contact of relay 2204,
outer lower right alfernate contact of key 2200,
conductor 2211, left contacts of cam 3307 of
the call indicator control sequence switch in
norreal position, lower left and upper right con-
tacts of cam 3817 of the full mechanical con-
trol sequence switch in normal position, conduc-
tor 3825, back contact of class relay 3611, con-
ductor 23832 to the right contacts of the thousands
keys. Since key 903 was opsrated, this circuit
is extended over the contact of key 903, to the
upper left contacts of cams 1112 and 1118, of
the thousands register sequence switch 1100. If
sequence switch 1100 is standing in any posi-
tion but 4, the circuit will extend over cam 1118
to the winding of sequence switch magnet 1100
and the switch will be advanced to that position
and come to rest.

95

100

105

When sequence switch 1100 reaches position 4

the circuit ahove ftraced is extended over cam
1112, and the upper right contact of cam 1111
to the left contacts of the hundreds keys. With
key 815 operated, the circuit continues over the
contact of key 816 to the lower lefi contacts of
cams 1003 and 1005. With the hundreds reg-
ister sequence switch 1000 in any position but
7; the circuit extends to magnet 1000 and the
sequence switch is advanced into position 7 where
it comes to rest. In this position the normal
checking circuit is extended over the lower left
contact of cam 1003 and thes upper left contact
of cam 1001 to conductor 1021, lower contacts
of cam 208 of the dial conirol sequence switch
in normal position, brush 601 of the timed re-
lease switch 600 in its normal position, conduc-
tor 626, upper left normal contact of key 1208,
conductor 1210, upper left contact of cam 1604
of the connector sequence switch in normal po-

110

115

120

128

sition, through the winding of sequence switch

magnet 1600 to battery. The connector sequence
switch is advanced by this circuit to position 2.
The circuit for advancing the connector sequence
switch from normal, therefore, serves as a test
that the thousands and hundreds register
sequence switches have been positioned to corre-
spond with the operated keys, that the control
sequence switches are in normal position, and
that the class switch is not moving,

The operation of key 2200 also connects ground
to conductor 2212, completing a circuit which
may be fraced over the normal contact of re-
lay 2320, through the winding of time alarm re-
lay 2318, left normal contact of time alarm key
2207, resistance 2310 to battery. Relay 2318 op-
erates, locking over its inner contact, conductor
2330, contacts of cam 1304, conductor 1329, right
contacts of cam 220, conductor 237, left contacts
of cam 1606 to grounded conductor 2212. Re-
lay 2318 connects ground from the right back
contact of relay 610, over conductor 620, outer
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front contact of relay 2318 to interrupter 2319 for
controlling the time alarm relays, which will be
described hereinafter.

When sequence switch 1600 reaches position 2
with the master selectors normal, a ecircuit is
closed from battery through the winding of re-
lay 2203, upper contacts of cam 16902, normal con-
tact of master selector brush 1713 to ground.
Relay 2203 operates and locks to ground over
conductor 2217, the lower right contact of cam
1612 and the upper right contact of cam 160%.
Relay 2203 operated, closes a circuit from bat-
tery through the winding of sequence switch
magnet 1600, lower right contact-of cam 1603,
right front contact of relay 2203 to ground over
conductor 2217. Sequence switch 1600 is ad-
vanced to position 3 in this circuit and is im-
mediately advanced to position 4 in a circuit
over the lower right contact of cam 1604 to
ground at the left back contact of relay 2201.
With -sequence switch 1600 in position 4, relay
2203 closes a circuit from battery through re-
sistance 1624, winding of relay 1623,right contacts
of cam 1616, right front contact of relay 2203 to
grounded conductor 2217. Relay 1623 cleses a
circuit over the lower left contact of cam 1605
for advancing sequence switch 1608 to position 5.
As sequence switch 1500 leaves position 4 relay
1623 is released. - Since relay 2203 is stiil locked,
the circuit closed in position 2, for advancing
sequence switch 1600 is reclosed in position 5 and
sequence switch 1600 .is advanced to position 6.
In this position a circuit is closed from baitery
through the winding of the magnet 1707 of the
first master switch 1760, upper contacts of cam
1619, right front contact of relay 2203 to ground-
ed conductor 2217. A similar circuit is closed
from battery through the winding of stepping
magnet 1717 of the second master switch 1719,
right contacts of cam 1819 to ground over the
contact of relay 2203. In position 6 the circuit
of relay 1823 is closed as previously traced, but
a cireuit is closed in parallel with the winding
of that relay extending from batiery through re-
sistance 1624, right contacts of car 1603 and the
back contact of magnet 1707 to the operating

eground for that magnet and over the upper con-

tacts of cam 1869 and the back contact of mag-
net 1717 to the operating ground for that magnet.
Therefore relay 1623 can not operate. However,
when magnets 1707 and 1717 have both operat-
ed sufficiently to opsn their back contacts, relay
1623 is operated and closes the previcusly traced
circuit for advancing the sequenice switch 1600,
this time to position 7. As the sequence switch
leaves position 6, the circuits of magnets 1707
and 1717 are opened and these magnets release
advancing the master switches 17060 and 1710
into engagement with their first off-normal ter-
minals. Relay 1823 is also released by the ad-
vance of sequence switch 1600. The centinued
operation of relay 2203 closes a circuit for ad-
vancing sequence switch 1600 into position 8. In
position & a circuit is closed from battery through
the winding of sequence switch magnet 1800,
upper left contact of cam 1603, normal contact
of brush 1728 of the first selector switch 1720,
first off-normal terminal of brush 1715 of the
master switch 1710, conductor 1756, ocuter left

» front contact of relay 2203, upper right contact

of cam 1612 to ground, advancing sequence
switeh 1600 to position 9. This advance of se-
guence switch 1600 is therefore an- indication
that the sender selector is in norrnai position
before starting the tests.

\
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In position ¢ a circuit is closed from battery
through resistance 1624, winding of relay 1623,
lower right and upper left contacts of cam 1616,
brush 1703, in position 1, brush 1713 in position
1 to ground, thereby insuring that both master
selectors are engaging the same sender selector
before selecting a sender. At the same time a
circuit is closed from battery through the wind-
ing of selector switch magnet 1727, brush 1716
in position 1, inner upper right contact of start
key 2200, right back contact of relay 2206, right
contacts of cam 1616, to ground over brushes 1703
and 1713 as above traced. At the same time a
shunt circuit is closed from resistance 1624, upper
right and lower left contacts of cam 1609, brush
1706, back contact of magnet 1727, to ground
over the operating circuit of the magnet, shunt-
ing relay 1623 until magnet 1727 opens its back
contact. When this occurs relay 1623 operates
advancing sequence switch 1600 to position 10
which is the same as position 1, where it releases
and magnet 1727 also releases, stepping the send-
er selector to its fArst off-normal position. - In
this positicn the brushes of selector switch 1720
engage conductors leading to the first sender to
he tested. When sequence switeh 1600 leaves po-
sition 9, the locking circuit of relay 2203 is
opened and that relay relesses.  Sequence switch
1600 is sdvanced from position 1 as before.

In position 2, a test is made to determine
whether the sender, with which selector 1720 is
connected, is busy or idie. An idle sender is char~
acterized by battery through a resistance of 270
chms connected to the conductor engaged by
brush 1728 sc that, assuming the sender shown
in Figs. 54 to 67 is the one to be tested and is idle,
g, circuit may be traced from battery through
resistance 60032, left back contact of relay 6003,
iower back contact of relay 5426, conductor 54486,
brush 1726, brush 1715, conductor 1756, contacts
of cam 1611, conductor 1628, lower right normal
contact of key 1206, conductor 1211, winding of
marginal relay 2323, left winding of relay 2209,
left contact of key 2210 to grounded conductor
2212. Relay 2205 operates in. this circuit and
closes a short circuit around its left winding but
is held cperated in a circuit from grounded con-

uchor 2212, left contact of key 2210, right wind-
ing of relay 2209, normal contact of relay 2201 to
battery at the right back contact of relay 2301.
The shunt around the left winding of relay 2209
permits marginal relay 2323 to operate in the pre-
viously traced circuit, in turn closing a circuit
from battery through the winding of relay 2201,
contact of relay 2323 to ground over the upper
left contact of cam 1608. Relay 2201 in operating,
opens the circuit through the right winding of
relay 2209 and connects ground in shunt of the
left winding of relay 2239 thereby releasing that
relay but holding relay 2323 operated. Relay
2201 in operating closes a circuit for advancing
sequence switch 1600 to position 3. When .se-
quence switch 16068 reaches position 3, ground
from the left front contact of relay 2201 is con-
nected over the left contacts of cam 1601, right
back contact of relay 2202, to the windings of
relay 2205 and relay 2301 in paralliel. Relay 2205
closes a locking circuit for these relays over
the lower left and upper right contacts of cam
1801, inner left contact of relay 2205, right nor-
mal contact of key 2218, conductor 2213, contacts
of cam 1322, conductor 1330, lower right contact
of cam 214 to ground. Relays 2301 and 2205 ex-
tend conductors 1751 to 1755 which are connected
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corresponding sender conductor through to the
testing equipment with the exception of the busy
test conductor which has already been connected
through as above described.

As soon as relay 2301 operates a circuit is closed
from ground over the upper lefi and lower right
contacts of cam 1309, resistance 1208, cuter lower
left normal contact of key 1208, conductor 1213,
contact of link class key 2305, conductor 2331,
bhack contact of relay 619, conductor 621, outer
left front contact of relay 2301, conductor 1754,
master selector brush 1711, sender selector brush
1721, conductor 5447, outer right back contact
of relay 6093, conductor 6015, right winding of
relay 6107 to battery to record the link class in
the sender. Relay 6107 when operated locks in
a circuit from battery over the lower contacts
of cam 6424, conductor 6429, left winding and
left front contact of relay 6107 to grounded con-
ductor 5938.

The operation of relay 2301 also closes a circuit
from bhattery over the right contacts of cam 1303,
resistance 1326, conductor 1331, upper contacts
of cam 1620, inner left contact of relay 2301, con-
ductor 1755, brush 1705, brush 1725, conductor
5445, right back contact of relay 6005, outer left
back contact of relay 5932, middle and left wind~
ings of relay 6006 to ground. Relay 6006 oper-
ates in this circuit, operating relay 5934 which in
Relay 5933 locks to
ground at its inner left contact and connects
ground to conductor 5838 to supply locking
ground to various parts of the sender. ‘The con-
nection of ground to conductor 5938 operates
relays 5602, 6001 and 6003, relay 5602 preparing
the A register to receive the first digit and relay
68003 disconnecting bhattery through resistance
6002 from the conductor 5446, thereby releasing
reiay 2323 which in turn releases relay 2201. Re-
sistance 1326 is of such value that the current
flow in the circuit traced for relay 6006 gives an
operate test to that relay. 'The release of relay
2201 closes a circuit over the lower right contact
of cam 1604 to advance sequence switch 1600 to
Since the master switches and the
selector switches have advanced from normal
at this time, the circuit for operating relay 2203
is open and that relay is not operated. Sequence
switch 1600 is therefore advanced to position 5
in a circuit over the upper right contact of cam
1604 to ground at the right back contact of relay
2203. With sequence switch 1600 in position 5
battery is connected over cams 1614 and 1615 fo
conductors 1629, 1630 and 1631 and the counting
relays of Fig. 39, the No. 0 counting relay receiv-
ing battery over conductor 1631, the Nos. 1 to 4
counting relays receiving battery over conductor
1630 and the remaining counting relays receiving
bhattery over conductor 1629.

When sequence switch 1600 advances to po-
sition 5, the circuit of relay 6006 is transferred
from conductor 1331 and battery through re-
sistance 1326, to conductor 1632 which extends
to the upper right normal contact of key 1206
and thence over conductor 1212, left normal
contact of relay 311, conductor 330, left con-
tacts of cam 205, conductor 239, to the winding
of relay 3103 and battery. Relay 3103 operates
in this circuit and locks over conductor 330 to

. ground through the windings of relay 6006 as

above traced.

When relay 2205 operated it also completed
the dialing circuit which extends from battery
through the lower winding of relay 5424, con-
ductor 5444, sender selector brush 1723, master

selector brush 1712, conductor 1752, inner right
contact of relay 2205, conductor 2215, left con-
tacts of cam 1314; conductor 1332, winding of
relay 306, conductor 261, lower contacts of cam
221, conductor 727, outer right normal contact
of key 705, conductor 1337, upper left and lower
right contacts of cam 1313, conductor 2214, outer
left front contact of relay 2205, conductor 1751,
measter switch hrush 1702, selector switch brush
1724, conductor 5443, resistance 5429, to ground
abt the outer right back contact of relay 5937.
The operation of relay 306 in this circuit is an
indication that the dialing circuit is complete
and ready for the dialing of the test number.
Relay 3086 in coperating closes a circuit from
ground over the normal checking path to con-
ductor 626, front contact of relay 306, left back
contact of relay 305, lower left contact of cam
201 to the winding of sequence switch magnet
200 and battery, advancing the dial control se-
quence switch to position 2. When sequence
switch 200 advances to position 2, a shunt is
closed around the winding of relay 306 extend-
ing from conductor 727 over the left back con-
tact of pick-up relay 315, left normal contact
of key 705, conductor 723, upper right and lower
left contacts of cam 204, to conductor 1332 there-
by releasing relay 306 and establishing a circuit
in which relay 5424 of the sender may operate.

The operation of relay 5424 closes a circuit from
battery through the winding of relay 5416, front
contact of relay 5424 to ground at the inner
right back contact of relay 5937. Relay 5416
in operating connects ground over its upper front
contact through resistance 5417 to the winding
of relay 5413 which operates, in turn operating
relays 5414 and 5415. Relay 5414 prepares the
pulsing circuit and since both it and relay 5413
are slow to release, they do not open their con-
tacts during the pulsing of a digit. Relay 5415
connects ground over its inner upper contact,
upper winding of relay 5424, condenser 5427, right
back contact of relay 5529, outer left front con-
tact of relay 5602 to the source of dial tone
which is transmitted out over the dialing circuit
as previously traced and to which the test man
may listen by the use of key 319 and receiver
307. When seguence switch 200 reaches position
2, with relay 3103 operated, a circuit is closed
from ground at the right front contact of relay
3103, conductor 3108, upper right contact of cam
219 to the winding of sequence switch magnet
200 and battery advancing the dial sequence
switch to position 3. When sequence switch 200
reaches position 3, the operating circuit of re-
lay 3103 is opened but the relay holds operated
in its locking circuit. The circuit of relay 6006
is also extended over the upper right contact
of cam 205 and conductor 240 to battery through
the right winding of marginal relay 2402.

In position 3 of sequence switch 200 s prelimi-
nary pulse simulating a false preliminary pulse
will or will not be transmitted depending on the
position of the preliminary pulse key 225. If the
key is operated ground over conductor 1021 is ex-
tended over the lower right and upper left contacts
of cam 208, operated contact of key 225, upper
right contact of cam 201 to the winding of se-
quence switch magnet 200, immediately advanc-
ing the sequence switch to position 4. If the key is
normal the preliminary pulse will be sent out and
sequence switch 200 remains in position 4 while it
is transmitted.

Assuming the preliminary pulse is to be sent,

the arrival of sequence switch 200 in position 38 :
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closes a circuit from grounded conductor 1021
over the lower right and upper left contacts of
cam 208, normal contact of key 225, conductor
323, left normal contact of key 700, conductor
322, left normal contact of relay 316, winding
of relay 315, resistance 728 to battery. Relay
315 can not operate at once, due to the presence
of a shunt extending from resistance 728 over
the right contact of key 700, inner right back con-
tact of relay 315, contact 443 of interrupter 400
and thence over conductor 323 to ground as pre-
viously traced. At a particular point in the cycle
of interrupter 400 contact 443 is opened and
relay 315 then operates. Relay 315 opens the
dialing circuit at its left back contact but the
circuit is held closed over contact 431 of in-
terrupter 400, and the normal contact of key
401 during the open period of interrupter 443.
When contact 443 recloses, with relay 315 op-
erated, the circuit from grounded conductor 323
above traced is extended over the right front
contact of relay 315, conductor 320, left contacts
of cam 3718, conductor 3726, right normal con-
tact and winding of relay 316 to battery. Relay
216 locks over its right alternate contact to
ground over conductor 323 as previously traced.
Relay 316 in operating closes a holding circuit
for relay 315 over its outer left contact to the
operating circuit of relay 316 so that relay 315
is now dependent on the contact of interrupter
443. Immediately after contact 443 closes, in-
terrupter 431 starts its cycle of interruptions,
but only the last one is effective since inter-
rupter 434 shunts out the first nine pulses, the
shunt extending from conductor 727, interrupter
434, upper left contacts of cams 224 and 223 to
key 401. Therefore only a single simulated dial
impulse ig transmitted to the sender. Immedi-
ately following the transmission of this pulse
interrupter contact 443 opens and releases relay
315 to again close the shunt around the dialing
contact. The release of relay 315 closes a cir-
cuit from ground at its right back contact, in-
ner left front contact of relay 316, right back
contact of relay 3147, conductor 321, inner left
back contact of relay 2411, conductor 2423, up-
per right contact of cam 201 to the winding
of sequence switch magnet 200, advancing the
sequence switch to position 4. The advance of
sequence switch 200 from position 3 opens the
circuit of relay 316 which releases bringing the
sequence switch to rest.

The single simulated dial impulse transmitted
to the sender causes a single release of relay
5494. The release of relay 5424 closes a cireuit
from the inner right back contact of relay 5937,
back contact of relay 5424, upper front contact
of relay 5414, inner left front contact of relay
5934, upper back contacts of relays 5410, 5408,
5406, 5404 and 5402 to the winding of relay 5401
and battery. Relay 5401 closes a locking circuit
for itself, through the winding of relay 5402 and
the front contact of relay 5401, lower back con-
tact of velay 5404, back contact of relay 5420
to ground at the upper front contact of relay
5415. Relay 5402 does not operate in this lock-
ing circuit until relay 5424 is reoperated at the
close of the pulse. When relay 5402 operates;
it transfers the pulsing circuit to relay 5403 and
closes a circuit from ground at its lower front
contact, over conductor 5431, inner left contact
of relay 5402, risht winding of relay 5604 to bat-
tery. Relay-5604 operates and attempts to close
a locking circuit for itself over its inner left
contact, but this circuit is ineffective since it is
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only closed when relay 5605, or 5607 is alsc op-
erated. Since in this case only a single pulse
is transmitted, relay 5604 can not lock. When
relay 5424 releases, relay 5416 also releases and
may or may not reoperate during pulsing The
release of relay 5416 closes a circuit from bat-
tery through resistance 5419, winding of relay
5418, inner lower back contact of relay 5416, to
ground at the upper front contact of relay 5415.
Relay 5418 is slow to release so that it remains
cperated even though relay 5416 may momen-
tarily break its operating path. After the pulse
has been received, relays 5424 and 5416 remain
operated for an appreciable length of time. The
circuit of relay 5418 is therefore opened and a
cireuit closed from battery through the winding
of relay 5420, upper normal contact of relay 5418
to ground at the front contact of relay 5415.
Relay 5420 closes a holding circuit for itself un-
der the control of relay 5416. It also connects
ground from the front contact cf relay 5415 over
the front contact of relay 5420, cuter left back
contacts of relays 5812, 5802, 5722, 5730, 5702,
5622, 5612, winding of relay 5601 to the front
contact of relays 5663, 5605, 5608 and 5607. The
circuit is not completed cver the front contact
of relay 5604 thereby preventing the operation
of relay 5601 and the transfer of the registering
conductors to the next register. The operation
of relay 5420 opens the locking circuit of relays
5401 and 5402 thereby releasing these relays and
in turn releasing relay 56084 so thatl the sender
is merely restored to condition to receive a first
digit.

With sequence switch 200 in position 4, the
circuit for the pick-up relay 315 extends as pre-
viously traced to conductor 223, upper left con-
tact of cam 216, upper right contact of cam
206, conductor 1570 to ground at the right con-
tact of class key 1561. As before, the winding
of relay 315 is shunted over the contact of in-
terrupter 448 so that relay 315 operates during
the open peried of relay 443. Contact 441 trans-
mits the dialing pulses as befors, all but the Jast
four being shunted over interrupter contact 437,
inner left operated contact of key 504, and the
upper left contact of cam 222. Therefore, four
pulses are transmitted to the sender. The op-
ergting circuit of relay 316 is the same as pre-
viously traced as far as conductor 323 whence
it extends over the upper left contact of cam
216 to the operating ground for relay 315. After
the last pulse has been ftransmitted, relay 315
is released advancing sequence switch 200 out of
position 4 where relay 316 releases bringing the
sequence switch to rest in position 5. In a sim-
ilar manner the second code digit is transmit-
ted, the same operating circuits being used for
relays 315 and 316. All but two pulses are shunt-
ed over interrupter contact 435, inner left con-
tact of key 512, and the lower left contact of
cam 222. At the completion of the pulses, se-
quence switch 200 is advanced to position 6. In
this positicn relay 815 is reoperated in the above
traced circuit causing the fransmission of five
pulses to the sender, since the first five pulses
are shunted over interrupter contact 438, con-
tact of key 425 and the upper right contact of
cam 222.

It will be noted that the circuit of relay 315 |

and therefore the operating circuit and locking
circuit of relay 318 is maintained closed through
position 7 so that, when the release of relay 315
starts sequence switch 200 out of position 6, if
continues to advance until it reaches position 8

35

90

100

105

110

118

i20

128

135

140

180



10

15

20

25

40

50

60

65

1,958,685

where the release of relay 316 brings it to rest.
This position 7 is used for dialing a ten thou-
sands digit which iz only used in the case of
a manual office and therefore is not needed in
the present full mechanical type of call. The
remaining digits can not be transmitted untii the
selections corresponding to the code digits have
been checked.

Returning now tc the sender, the first impulse
of the first code digit causes the release of relay
5424, the operation and locking of relays 54901
and 5402 and the operation of relay 5804 as pre-
viously described. As set forth in detsil in the

above identified patent to Raymond et al. the

next three pulses operate relays 54063 to 54038,
releasing relays 5401 to 5406. Relay 5468 con-
nects ground to conductor 5433, operating reg-
ister relay 56066. At the end of the first digit,
relays 5418 and 5420 operate as previously de-
scribed. However, since relay 5606 is operated
at the end of this digit, the circuit of relay 5801
previously traced is now completed through the
left winding of relay 5608 to battery, go that relay
6601 operates, closing a locking circuit for itself
and for relay 5606 over its outer left front con-
tact, and conductor 6017 to ground at the outer
left front contact of relay 6803. The cperation of
relay 5601 releases relay 5802 disconnecting the
registration conductors from register 5600. Re-~
lay 5601 also operates relay 5812 to extend the
registration conductors to register 5610.

In receiving the two pulses of the second digit
relays 5401 to 5404 are operated in succession and
relays 5401 and 5402 released. Relay 5404 con-
nects ground over conductor 5432 to the winding
of relay 5615 and battery. At the end of this
digit, the operation of relays 5418 and 5429 con-
nects ground to the circuit above traced for relay
5601, but this circuit is now open at the contact of
relay 5812 and extends through the winding of re-
lay 5611 to battery over the inner left front con-
tact and left winding of relay 5615. Relay 5611
operates in this circuit and locks to conductor
6017, opening the circuit of relay 5612, which dis-
connects register 5610 from the receiving register
5400, and closing a circuit for relay 5622. With
relay 5622 operated, the relays of register 5629
are prepared to receive the third code digit.

The first four impulses of the third digit are
recorded in the manner previously described.
The fifth pulse operates relays 5409 and 5410.
Relay 5419 opens the locking circuit of relays
5407 and 5408 thereby releasing relay 5628, and
closes a circuit through the right winding of
register relay 5627 and through the winding of
relay 5411. Relay 5411 locks in series with relay
5412 over its front contact to conductor 5438
independent of the remaining counting relays.
Relay 5412 does not operate at this time being
shunted by the operating circuit of relay 541l.
At the close of this digit relays 5418 and 5420
function as previously described, operating relay
5621 to release relay 5622 and operate relay 5702,
The register relay 5627 is also locked under the
control of relay 5621. No further registration
takes place at this time since, as above men-
tioned, the further dialing is dependent upon the
accurate performance of the selections contrclled
by the code digits. .

The operation of relay 5601, following the reg-
istration of the first digit, closes a circuit from
battery through the winding of sequence switch
magnet 6400, lower right contact of cam 6402,
conductor 6428, left back contacts of relays 6205
and 6204, conductor 6209, outer right back con-

outer left front contact of relay 5924, conductor
5929, inner left front contact of relay 5601, to
grounded conductor 6017. Sequence switch 6400
advances to position 2 in this circuit, connecting
ground over the lower left contact of cam 6408
and the lower right contact of cam 6416 to con-
ductor 5938 as long as the switch remains out
of position 1. At this time also, a circuit is
closed from battery over the lower right and up-
per left contacts of cam 6424, conductor 5539,
winding of relay 5926, back contact of relay 5927
to ground, operating relay 5926 to prepare for the
closure of the fundamental circuit.

When the office code digits have been regis-
tered as indicated by the operation of relay 5621,
a circuit is closed from battery through the wind-
ing of relay 5421, inner left front contact of re-
lay 5621 te grounded conductor 6017, Relay 5421
is operated, initiating the operation of the de-
coder by completing a circuit from battery over
the lower right and upper left contacts of cam
6424, conductor 5539, right back contact of relay
5538, left normal contact of relay 5536, normal
contact of relay 5423, inner lower front contact
of relay 5421 to conductor 5630 leading to the
decoder. The decoder then functions as described
in the above identified patent to R. Raymond
et al. to bring about the seiting of the selection
control registers. Since register relays 5606, 5615
and 5627 are operated, they connect ground to
conductors 5636, 5645, and 5657, respectively to
pass the registered code designation to the de-
coder. A part of the registration required by the

decoder is an indication of the class of district 3

selector over which the call is originated as indi-
cated by the operated condition of relays 6106
and 6107. Relay 6107 connects ground to con-
ductor 5667 to transmit this information to the
decoder.

If the decoder is operated correctly under the
assumed conditions established by the sender reg-
isters, it should connect ground to conductor 5674
to operate relay 6624 indicating that a short trunk

wiil he used and one which needs considerable 17

compensating resistance; and to conductor 5675
tc operate velay 6625 to indicate that marginal
trunk guard relay 6G14 is to be used. None of
the relays of the class register 6500 will be oper-
ated, thus indicating a full mechanical type call.
Conductor 5742 will be groundead, operaling relay
6512 to indicate that the third district brush is
to be selected. Ceonductors 5793 and 5794 operate
relays 5320 and 3821 to indicate that the call is

for an office employing neither stations digits nor I

five digit numbers. Conductors 5676 and 5755
wiil be grounded to operate relays 6021 and 60610
indicating that the district selector is to be ad-
vanced to the second talking position. Conduc-

tors 5781 and 5782 will be grounded to operate 7

relays 6601 and 6602 to cauge the seiection of the
fourth group of office selectors. Conductors 5752
and 5754 will be grounded to cperate relays 6612
and 6614 {o cause the selection of the eighth
group of trunks outgoing from the office selector.
None of the relays of the office brush register 6520
will be operated thereby causing the selection
of .the first or zero brush. Neither of the zone
relays 6204 nor 6205 is operated.

When the decoder has completed the transfer
of the registration to the selection control regis-
ters, it conuvects ground over conductor 5658, to
the upper winding of relay 5422 and battery.
Relay 5422 closes a locking circuit for itself from
battery over ifs inner lower front contacts and
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lower winding to grounded conductor 5938. Re-
lay 5422 also connects relay 5423 o battery in
parallel with its lower winding. Relay 5423 at
its upper contact, prepares the fundamental cir-
cuit and at its lower contact connects ground to
conductor 5437 to provide a locking circuit for
the stations delay relays 5820 and 5821, talking
selection relays 6010 and 6021, two-wire ofiice re-
lay 6029, class register relays 6501, 6502 and 6503
and the compensating resistance relays 6621 to
6625. In addition this ground extends over the
left contacts of cam 6404, in positions 1 to 3 of
sequence switch 8400 to the locking circuit of the
district brush register relays 6511 to 6513, the
district group register relays 6601 to 6604 and
the zone relays 6504 and 6205, while it extends
over the lower contacts of cam 6404 in positions
2 to 7 of sequence switch 5400, to form the locking
circuits of the office brush register relays 6521 to
6522, office group register relays 6611 to 6614 and
the skip office relay 5823. Relay 5423 also dis-
connects battery from conductor 5530 thereby
releasing the decoder.

When sequence switch 200 arrives in position
7 a circuit is closed from ground cover the upper
right contac: of cam 217, conductor 241, inner
lower normal contact of key 3000, left contacts
of cam 3724, lower right contact of cam 3824 to
the winding of sequence switch magnet 3800 and
battery. 7This sequence switch which controls
the checking of full mechanical selections is now
advanced to position 2. Relay 2414 is operated
when sequence switch 3830 advances to position
2-in a circuit from battery through the winding
of that relay, conductor 2428, outer left operated
contacs of key 1551, conductor 1572 to ground at
the lower left contact of cam 3801, .

When the registration has heen completed in
the sender and relay 5423 operated, the funda-
mental circuit for district selections is estab-
lished, which may ke traced from baitery through
the winding of relay 3904, conductor 3021, lower
back contact of relay 3934, conductor 3950, left
back contact of relay 3608, conductor 3612, lower
ieft and upper right contacts of cam 3820, con-
ductor 3826, middle left contact of relay 2301,
conductor 1753, master selector brush 1701, send-
er selector brush 1722, conductor 5448, upper front
contact of relay 5423, lower contacts of cam 6422,
winding of stepping relay 6800, back contact of
relay 5920, inner left contact of relay 5926, right
winding of overflow relay 5925, resistance 5230,
right back contact of relay 6206, conductor 6214,
upper left contact of cam 64069 to ground at the
lower left contact of cam 6408. Relay 3004 oper~
ates in this circuit and locks over its inner right
front contact to conductor 3612 and thence over
the fundamental circuit as traced to ground in
the sender. The stepping relay 6606 of the sender
also operates and closes a circuit from ground
over the left contacts of cam 6408, conductor 6020,
front contact of relay 6000, conductor 6430, left
contacts of cam 6497, conductor 6435, upper right
contact of cam 6420, lower right contact of cam
6419, left back contact of relay 6513, left front
contact of relay 6512, conductor 6542, back con-
tact of counting relay 5918, winding of counting
relay 5915, lower front contact of relay 5422 to
battery. Relay 5915 locks through the winding
of relay 5916 over the front contact of relay 5915,
outer left contact of relay 5926, upper right con-
tact of relay 6408, to ground. Relay-5916 does
not operate at this time since it is shunfed by
the operating circuit for relay 5915.

Relay 3004 in operating supplies ground to
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interrupters 2419 and 3017 over circuits which
may be traced from ground over the lower right
contact of cam 3811, lowsr left contact of cam
3810, normal contact of key 3234, conductor 3953,
ocuter left back contact of relay 3942, back con-
tact of relay 3932, conductor 3513, inner left back
contact of relay 3608, conductor 3023, to the ouber
right front contact of relay 3004, and thence over
the left back contact of relay 3020, conductor
2952, right back contact of relay 3940, inner left
back contact of relay 3842, conductor 2425, right
hack contact of relay 2418, conductor 2923, left
back contact of relay 2908, and conductor 2424
to interrupter 2419, and in parallel from the
front contact of relay 5004, over conductor 3624,
right back contact of relay 3943, and conductor
3955, to interrupter 3017.

Relay 2935 is operated under the control of
interrupter 2415 at its first closure in a circuib
which may be traced from hattery over conductor
1631, winding of relay 3935, lower back contact of
relay 3933, conductor 3951, right back contacts
of relays 3018 and 3029, conductor 3022, right
back contact of relay 2991, conductor 2922, left
back contact of relay 2418, to interrupter 2419,
and ground. Relay 3935 closes a locking circuit
for itself in parallel through the windings of
relays 8934 and 3933, front contact of relay 3935,
conductor 3954, inner right back contact of relay
3609, conductor 3614, lower right contact of cam
3818, upper left contact of cam 3817 to ground.
Relays 3933 and 3934 operate when interrupter
2419 opens. These thiee relays act as a pick-up
combination to insure that the first operative
closures of the interrupters are of full length.

With relay 3934 operated the circuit controlled
by interrupter 3017 extends over the left back
contact of relay 3018, conductor 3025, right back
contact of relay 3842, resistance 3937 and over
the front contact of relay 3934 {o conductor 3021
and thence through the winding of relay 3004
and over the front contact of that relay to the
eircuit of the stepping relay of the sender there-
by shunting that relay in simulation of the action
of the selector switches. :

With relay 3933 operated, the next closure of
interrupter 2419 closes a circuit for the counting
relays which extends over the front contact of
relay 3933, left contacts of cam 3818, conductor
1571, left operated contact of key 1502, conductor
1582, back contact of counting relay 3912, wind-
ing of counting relay 3902 to battery over con-
ductor 1630. Relay 2902 locks through the wind-
ing of relay 23912 in the usual manner, the opera-
tion of relay 3912 being deferred until the opening
of the contact of interrupter 2419, Interrupters
2419 and 3017 operate simultancously so that at
the same moment that the pulse is transmitted
to the sender by inferrupter 3917, interrupter
2419 recloses the counting relay circuit. The
next two closures of interrupter 2419 cause the
operation of relays 3801 and 3911, 3900 and 3910
and in parallel with relay 3910, relay 3932.

The connection of ground by interrupter 3017
to the fundamental circuit causes the release of
stepping relay 600¢ permitting relay 5916 1o
operate. Relay 6000 functions under the control
of interrupter 3017 in the well known msanner
to operate relays 5917 to 5920 and 5929. 'The

operation of relay 5820 opens the fundamental ;-

circuit releasing relay 8000 and opening the cir-
cuit of relay 3004 which is held by interrupter
2017. If the same number of pulses have caused
the operation of relays 3932 and 5920, relay 3004
will release at the opening of interrupters 3017
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and 2419 which permits the operation of relay
3932. If the sender has operated correctly so
that relay 3004 is released and relay 3932 oper-
ated at the same time, a circuit is closed from
battery through the winding of relay 3608, con-
ductor 3615, left back contact of relay 3004, con-
ductor 30286, left contacts of cam 38909, conductor
3827, left back contact of relay 2902, conductor
2924, left back contact of relay 3946, front con-
tact of relay 3932, outer left back contact of
relay 3942, conductor 3953, key 3204, fo ground
over the lower left contact of cam 3810 and the
lower right contact of cam 3811. Relay 3508 locks
to ground over conductor 3614 and also closes a
circuit for relay 3609 at its inner right front con-
tact to conductor 3614. These relays disconnect
the locking ground from relays 3932 to 3938
as well as the counting relays 2900 to 3902 and
3910 to 3912, inclusive, permitting them all to
release. With relay 3609 operated and relay 3932
released, a circuit is closed from battery through
the winding of sequence switch magnet 38090,
upper left contact of cam 3824, conductor 3828,
outer left back contact of relay 2411, conductor
2426, left back contact of relay 3102, conductor
3109, left front contact of relay 2414, conductor
2437, left front contact of relay 3609, conductor
3613, back contact of relay 3932, to ground, as
previously traced. Sequence switch 3300 advances
to position 3 in this circuil. The advance of
sequence switch 3800 opens the locking circuit
for relay 3608 which releases, in turn releasing
relay 3609.

If too few pulses have been sent to the sender
so that relay 5920 has not operated at the time
relay 3932 operates, since ground is removed form
the interrupter 3017 no action can take place in
the sender to cause the operation of relay 5290
and relay 3004 will remain operated; relays 3608
and 3609 can not be operafed; seguence switch
3800 is not advanced from position 2, and the test
is blocked until the time alarm sounds and sig-
nals the attendant. On the other hand if the
sender is satisfied with fewer pulses than the test
circuit s0 that relay 5920 operates prematurely,
relay 3004 releases hefore relay 3932 operates, re-
moving ground from the interrupters and no fur-
ther counting relays of the test circuit can be
operated so that the call is also blocked. The
test man on hearing the alarm may operate key
2700, if that key is normal, connecting battery to
the lamp circuits. Assuming, for example, that
the circuit failed at the present stage, a cireuit
would be completed extending from battery over
the outer right operated contact of key 2700,
conductor 1573, the Mo. 2 lamp 1542, the No. 2
distriet brush key 1502, conductor 2428, left back
contact of relay 2421, conductor 2830, district
brush lamp 2815, conductor 2432, upper left con-
tact of cam 3808, to ground. Therefore the dis-
trict brush lamp 2815 would be lighted indicat-
ing that the circuit failed during this first selec-
tion and the Mo. 2 lamp 1542 to indicate that the
No. 2 district brush was to have been selected.

¢ Key 3936 may alsc be operated, to operate relays

3930 and 3931 and supply battery to lamps 3920
to 3929. The lamps correspondingly to operated
counting relay pairs are lighted over the locking
circuits of the relays.

Assuming that the circuit operates correctly,
the operation of relay 5929 in the sender closes
a circuit from battery through the winding of
relay 5928, lower contacts of cam 6418, right back
contact of relay 5935, front contact of relay 5929

- to ground. Relay 5928 locks over its inner right

5]

contact to ground over the lower left and upper
right contacts of cam .6405. Relay 5928 also
closes an obvious circuit for relay 5927. When
both relays 5928 and 5927 have operated, the cir-
cuit of relay 5926 is opened and that relay re- 80
leases. The operation of relay 5928 opens the
locking circuit of the odd numbered counting re-
lays, while the release of relay 5926 opens the
locking circuit of the even numbered counting
relays including relays 5919, 5920 and 5929, The
release of relay 5929, closes a circuit from ground
over its back contact, outer right front contacts
of relay 5928, upperleft contactof cam 6401, wind-
ing of sequence switch magnets 6400 to battery,
advancing sequence switch 6400 to position 3. As
socn as sequence switch 6400 leaves position 2,
the locking circuit of relay 5928 is opened and
that relay releasezs. When relay 5928 recloses its
back contact, relay 5926 reoperates over the back
contact of relay 5928, upper left contact of cam
6416 and the lower left contact of cam 6408 to
ground. The release of relay 5920, the reoper-
ation of relay 5926 and the advance of sequence
switch 5400 reclose the fundamental circuit in
the sender. With sequence switch 3800 in posi- 100
tion 3, the fundamental circuit is also reestab-
lished in the test circuit and relays 3004 and
6000 may reoperate. The counting relay circuit

in the sender is now under the control of register
6600 and since relays 6601 and 6602 are.oper- 105
ated, the circuit extends over conductor 6543 to

the winding of relay 5913 and battery. The oper-
ation of relay 3004 connects ground to the in-
terrupters 2419 and 3017 as before. With se-
quence switch 3800 in position 3; the circuit from 110
the front contact of relay 3933 extends over the
lower contacts of cam 3816 to district group key
1513 and thence to the winding of relay 3903.
The operation of the sender and the test circuit

in checking district group selection is the same 115
as described for district brush selection, after
which the sequence switch 6400 is advanced to
position 4 and sequence switch 3800 is also ad-
vanced fto position 4. When sequence switch
6400 leaves position 3, the locking circuits for 120
the relays of registers 6510 and 6600 are opened,
thereby. permitting these relays to release and
prepare to receive the numerical designation from

the incoming registers.

With sequence switch 23800 in position 4 the test 125
circuit is ready for office brush selection but with
sequence switch 6400 in position 4, the sender
establishes a circuit for testing the condition of
the selected trunk outgoing to the office selector.

When sequence switch 6400 reaches position 4, 130
a circuit is closed from battery through the
winding of relay 6302, upper right and lower left
contacts of cam 6410 to grounded conductor 6919,
Relay 6302 in operating, with neither relay
6204 nor relay 6205 operated, closes a circuit from 135
battery through resistance 6303, inner left front
contact of relay 6302, right back contacts of re-
lays 6204 and 6205, right winding of relay 6206 to
ground.

For office trunk test and subsequent selections 140
both the tip and the ring conductors are included
in the fundamental circuit.

With relay 6206 operated the office trunk test
circuit extends in the test circuit from battery
through relay 3004 to conductor 5448 as previ- 145
ously described and thence in the sender over the
upper front contact of relay 5423, outer left back
contact of relay 6504, resistance 6425, lower left
and upper right contacts of cam 6403, conductor
6421, right front contact of relay 6206, conductor 150
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6210, right front contact of relay 6625, winding
of marginal trunk test relay 6014, back contact
of relay 5920, inner left contact of relay 5926,
right winding of relay 5925, lower right and up-
per left contacts of cam 6417, back contact of
relay 6621, through resistances 6627 and 66286,
back contact of relay 6622, upper right and lower
left contacts of cam 6414, back contact of relay
5931, conductor 5447, sender selector brush 1721,
master selector brush 1711, conductor 1754, outer
left front contact of relay 2301, conductor 621,
right back contact of relay 2504, conductor 2505,
upper left and lower right contacts of cam 3819,
conductor 3629, compensating resistance key
2115, resistances 2120 and 2127, conductor 2133,
right back contact of relay 2829, left back con-
tact of relay 29064, conductor 2925, right contacts
of cam 3821, left back contact of relay 39490, con-
ductor 3956, to ground at the right front contact
of relay 3103.

If the circuit is properly closed through both
the sender and the test circuit, relay 6014 oper-
ates but relays 3904 and 5925 do not. The pres-

. ence of resistance 6425 prevents the premature

60"
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- operation of relay 30604 in this testing circuit.

Relay 6014 closes an obvious circuit for relay 6007
which locks to ground over conductor 6434 and
the lower right contact of cam 6409. Relay 6007

... closes a circuit from ground at its leit front con-
30

tact, left contacts of cam 6406, through the wind-
ing of sequence switch magnet 6400 to battery,
advancing the sequence switch to position 5. As
socn as the switch leaves position 4 the locking

~circuit of relay 6007 is opened.

The advance from position 4 also opens the
testing circuit and, as scon as position 5 is
reached, the fundamental circuit is closed
through the stepping relay 6000 extending over

... the circuit traced for district selections to the
40-

winding of relay 5925 whence it extends over the
lower right and upper left contacts of cam 6417,
right back contact of relay 6621, through resist-
ances 6627 and 6626, right back contact of relay

. 6622, upper right and lower left contacts of cam

6414, right back contact of relay 5931 to conduc-
tor 5447 and thence to ground as traced for the
trunk test circuit. Office selections are checked
in exactly the same manner as district selections,
the only difference being that office brush selec-

" tions is under the control of register 6520 where-

by the cperation cf relay 6060 grounds conductor
8540 operating reiay 5919, and a single puise is
reqguired to satisfy the sender, while for office

_group selections register 6610 is employed, the
-operation of relay 6612 causing the grounding of

conductor 6542 and the operation of relay 5915.
After two impuises the circuit controlled by the
stepping relay is transferred over the contacts of
cam 6413 to the armature of relay 6614 and over
the front contact thereof to conductor 6545, the
next five impulses causing the operation of relay
5901 and the subsecuent counting relays to and
including relays 5909 and 5819, the eighth im-
pulse then being transferred to the winding of
relay 5919,

In the test circuit, the operation is also essen-
tially the same, the counting relay circuit in
position 4 extending cver the upper right contact
of cam 3814, contact of key 1520 to relay 3900,

-and in position 5 over the upper l=ft contact of

cam 3815 and key 1437 to relay 3907.

In position 3 a circuit is prepared for lamps
1543 and 2807 to indicate that district group
selections is being performed and that the third

group is to be selected, whereas in position 4 a
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circuit is prepared for the office brush lamp 2814
and the No. § lamp 1540, and in position 5 for
the office group lamp 2806 and the No. 8 lamp
1447, :
Following office selections the sender makes a
trunk guard test of the outgoing trunk. This
test is made in position 6 of sequence switch 3800
and position 7 of sequence switch 6400. When
sequence switch 6400 reaches position 6 relay
6302 is reoperated in the ecircuit previously
traced, in turn operating relay 6206. A circuit
is also closed from bhatitery over the inner left
back contact of relay 6504, conductor 6550, wind-

80

85

ing of relay 6201, conductor 6211, upper contacts .

of cam 6415, conductor 6432, to the inner left
frent contact of relay 5701 which extends fo
grounded conductor 60i7. However, this cir-
cuit is not completed at relay 5701 since the
thousands digit has not keen received as yet.

The circuit for checking the trunk test feature
of the sender may be traced as follows: battery
over the lower contacts of cam 3709, winding of
relay 36906, right back contact of relay 3102, wind-
ing of relay 3101, resistance 3110, conductor 36186,
left operated contact of key 3608, conductor 3830,
right contacts of cam 23820, conductor 3826, mid-
dle left front contact of relay 2301, conductor
1753, master selector brush 1701, sender selector
brush 1722, conductor 5448, front contact of re~
lay 5423, back contact of relay 6504, resistance
6425, iower left and upper right contacts of cam
6403, conductor 6431, front contact of relay 6206,
conductor 6210, front contact of relay 6625, wind-
ing of marginal trunk test relay 6014, back con-
tact of relay 5920, front contact of relay 5926,
right winding of relay 5925, right contacts of
cam 6417, back contact of relay 6623 through re-
sistance 6626, front contact of relay 6624, lower
contacts of cam 6414, back contact of relay 5931,
conductor 5447, sender selector brush 1721, mas-
ter selector brush 1711, conductor 1754, outer left
front contact of relay 2301, conductor 621, back
contact of relay 2804, conductor 2508, upper con-
tacts of cam 3819, conductor 3832, right operated
contact of key 2128, conductor 3831, lower left
contact of cam 3803 to ground. Current flow in
this circuit gives to relay 6014 g non-operate test.
Relay 3101 in the test circuit is also marginal and
operates only in series with the resistance in-
cluded in the fundamental circuit when selec-
tions are to be made, Therefore neither relay
3191 nor relay 6014 should operate at this time.
This non-operate current is maintained for a
measured length of time in order to give relay
6014 an opportunity to operate if the adjustment
is such that it would operate on a long continued
weak energization.

Relay 3606 does cperate, indicating that this:

trunk test circuit is complete, both in the sender
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and in the test circuit and closes a circuit from i35

battery through the winding of relay 3607, front
contact of relay 3606, upper right and lower left
contacts of cam 3704 of the class sequence switch
to ground. Relay 3607 locks over its right front

contact, conductor 3618 to ground at the upper ;

left contact of cam 3801, and connects ground
at its left front contact over conductor 3617, up-
per contacts of cam 3813, left contacts of cam
3822, conductor 3833 to interrupter 3605, and

thence over the back confact of relay 3603, to

the winding of relay 3601 and battery. Relay
3601 operates in this circuit and closes a locking
circuit for itself through the winding of relay
3603, front contact of relay 3601 to greund over
conductor 3618 as above traced. When the inter-
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rupter 3605 opens its contact, relay 3603 operates
transferring the circuit controlled by the inter-
rupter over the front contact of relay 3603, back
contact of relay 3604 to the winding of irelay
3602. Relay 3602 operates at the second closure
of ‘interrupter 3605 and locks through the wind-
ing of relay 3694, left front contact of relay 3692,
conductor 3618 to ground. Relay 3604 operates
when the interrupter cpens its contact and trans-
fers the circuit to the winding of relay 3619 which
operates at the third closure of the interrupter
and-locks over its inner left contact to grounded
conductor 3618. Relay 3619 in operating closes
a circuit extending from battery over the lower
contacts of cam 3709 through resistance 3610, and
the inner right front contact of relay 3619, to con-
ductor 3616 and the left operated contact of key
3600 thereby closing a shunt arcund the windings
of relays 3101 and 3606 and resistance 3110, and
applying an operate current to relay 6014.
Relay 6014 in operating closes a circuit from
ground at its contacts through the winding of re-
lay 6007 to battery. Relay 6007 locks as before
and closes a circuit from ground at its outer left

3. front contact over the lower contacts of cam 6406,

right back contact of relay 6504 to the winding
of ‘sequence switch 6460 advancing the sequence
switch to position 8 in which position the selec-
tion control circuit is established for making in-
The fundamental cir-
cuit in the sender during this selection is the same
as for office selections except that resistance 5626
is included alone as in the trunk test circuit. The
advance-of sequence switch 6400 opens the lock-
It also
opens the locking circuit for the relays of regis-
ters 65290 and 6610.

When the sender establishes the fundamental
cireuit for selection control, relay 3101 operates
in spite of the shunt around its winding and
closes a circuit from battery through the winding
of sequence switch magnet 3800, upper left con-
tact of cam 3823, conductor 3834, outer left back
contact of relay 3003, outer right front contact

i. of relay 3619, conductor 3620, front contact of

relay 3101, conductor 3112, upper contacts of cam
3724, inner lower normal contact of key 3000,
conductor 241, upper right contact of cam 217
to ground. Sequence switch 3800 advances to po-
sition 7 in this circuit, opening the locking circuit
for relays 3601 to 3604, 3607 and 3619. Sequence
switch 3800 is immediately advanced out of posi-
tion 7 in a circuit over the upper right contact
of cam 3823 and conductor 3835 to ground at the
upper right contact of cam 1324,

If relay 6014 in the sender operates on the non-
operate current, it will establish the selection con-
tro}  circuit prematurely, operating relay 3101
which will thereupon close a circuit from ground
over conductor 3112 as previously traced, front
contact of relay 3161, conductor 3620, back con-
tact of relay 3819, through the winding of relay
3003. Relay 3003 locks over its inner right con-
tact to grounded conductor 3618.

advancing sequence switch 3800 from position §,
thereby preventing the further operation of the
test circuit. If relay 6014 fails to operate when
the operate current is applied, relay 3101 in the
test circuit will not operate and sequence switch
3800 can not advance out of position 6. While
sequence switch 3800 stands in position 6, a cir-
cuit is closed from ground over the upper contacts
of cam 3804, conductor 38386, right operated con-

75. tact of key 3600, conductor 3621, to the armature

Relay 3003 inx
. operating, opens the circuit previously traced for

11

of relay 3003. With the relay unoperated, the
circuit extends through lamp 3002 and with the
relay operated through lamp 2001 and thence
over conductor 3027 to the inner left contact of
key 2700. If the call is blocked because the sender
relay operates on the non-operate current so that
relay 3003 is operated, lamp 3001 will be lighted
by the operation of key 2700 indicating that fact
whereas if the test is blocked because of the non-
operation of relay 6014, the circuit of lamp 3002 is
prepared to indicate that fact.

The successful check of the district and office
selections, advancing sequence switch 3800 to po-
sition 6 to prepare for the trunk test, also com-
pletes the circuit for operating relay 315 for frans-
mitting the thousands digit. This circuit may
ke traced from battery through the winding of
relay 315 to the upper right contact of cam 216
as before, lower left contact of cam 202, conductor
242 to ground at the upper right contact of cam
3803. Sim‘lar circuits extending from other
cuftings of cam 202 over conductors 243, 244 and
245 are completed over cam 38082 in positions 9, 11
and 13, respectively of ssquence switch 3800 for
controlling the transmission of the hundreds, tens
and units digits respectively. '

Since it was assumed that the test number was
to be 3678, the thousands digit will be recorded
on register 5700 by operating relays 5704 and 57065
following the operation of relays 5401 and 5406
in the manner previously described. ¥or record-
ing the hundreds digit relay 5712 will he operated
to connect the receiving register 5400 to the hun-
dreds register 5710. Relays 5401 and 5410 will
be operated in the manner previously described
as well as relay 5411, which it w’ll be remembered
locked through relay 5412 independently of the
remaining counting relays, and together with re-
lays 5409 and 5410 is locked up at the end of the
fifth impulse. The sixth impulse is transmitted
hack to relay 5401 which operates and locks
through the winding of relay 5402, With relays
5401, 5402, 5409 and 5410 operated, conductors
5431 and 5435 are grounded, thereby operating
register relays 5714 and 57i7. In registering the
digit 7 for the tens digit the operation is the same
through the sixth impulse, the seventh impulse
causing the operation of relays 5903 and 53064
which opens the locking circuit for relays 54901,
5402, 5409 and 5410 thereby permitting relay 5412
to operate. With relay 5494 operated, relay 5418
released and relay 5412 operated, ground is con-
nected to conductors 5432 and 5434 causing the
operation of relays 5725 and 5727 in the tens reg-
ister 5720. The registraticn of the digit 8 for the
units digit is essentially the same as previously
deseribed, the additional impulse operating relays
5405 and 5406 thereby also grounding conductor
5431 so that relays 5804, 5805 and 5807 are oper-
ated in the units register 5800. Since no stations

digit is to be transmitted none of the relays of

register 5310 will he operated.

Sequence switch 200 is advanced through posi-
tion 12 which corresponds to a possible stations
digit since the circuit over conductor 245 is main-
ta‘ned closed through positions 11 and 12 thereby
holding relay 316 operated until position 13 is
reached where it releases bringing sequence switch
200 to rest. Sequence -switeh 206 is immediately
advanced to position 14 in a circuit from batiery
through seguence switch magnet 200, upper left
contasct of cam 201, to ground at the left back
contact of relay 708. When the sequence switch
200 leaves position 13, the dialing circuit as previ-
ously traced is opened at the upper right contact
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of cam 204, but a substitute holding path for re-
lay 5424 is provided extending from the tip con-
ductor to conductor 733, as before and thence over
the right contacts of cam 3720, conductor 3729,
right normal contact of key 701, conductor 262,
left contacts of cam 204 to conductor 1332 and
back to the ring conductor.

When theusands digit is registered on register
5700 operating relay 5701, the circuit above traced
for relasy 6201 is completed and the relays of
register 5700 are connected to the relays of reg-
ister 6510 for the purpose of transferring the

“thousands designation to the selection control

registers. . It will be remembered that relays 5704
and 5705 of register 5700 were operated. There-
fore, when relay 6201 cpsrates, a circuit is closed
from ground ai the middle right contact of relay
5704, outer right front contact of relay 6201, wind-
ing of relay 6514 to battery. A second circuit is
closed from grounded conductor 6017, innsy left
front contact of relay 5761, inner right front con-
tact of relay 5705, middie right front contact
of relay 6201, conductor 5741, to the right winding
of relay 8511 and battery. With relay 6511 oper~
ated, the counting relay circuit extends from
ground over the contact of relay 6090 to conduetor
6435, inner left back contact of relay 5936, lower
contacts of cam 6419, left hack contact of relay
6513, left back contact of relay 6512, right front
contact of relay 6511, to conductor 6541 and
thence to the winding of relay 5817 so that two
revertive pulses are required to satisfy the sender
for incoming hrush selection. Relay 6514 is used
in making incoming group selection.

With sequence switch 3800 in positions 6 to 17
relay 3020 is operated. Therefore the counting
relay circuit in the testing circuit extends for in-
coming brush selection from ground to conductor
3024 as previously traced and thence over the
left front contact of relay 3020, conductor 3022,
right back contact of relay 2901, conductor 2542,
left back contact of relay 2418, interrupter 2419,
conductor 2424, left back contact of relay 2908,
conductor 2923, right back contact of relay 2418,

~ conductor 2425, inner left back contact of relay

3942, right back contact of relay 3940, conductor
3952, right front contact of relay 3020, right back
contact of relay 3618, conductor 3951 to the front
contact of relay 3933 over the lower left con-
tacts of cams 3816 and 3815, conductor 1123, right
contacts of cam 1105, conductor 3857, back con-
tact of relay 2911, winding of relay 3801 to bat-
tery, thereby indicating that two pulses are re-
quired to satisfy the test condition. It will be
ohserved that the current flow through the inter-
rupter is reversed at this time. Otherwise the
test of the selection is essentially the same as
those previously described. If the test is success-
ful, sequence switch 3890 is advanced to position
9 and sequence switch 6400 is also advanced to
position 9.

In coming group celection is the product of both
the thoussnds and hundreds digits, therefore it
can not take place until both digits have been re-
corded in the sender. When relay 5701 operates
at the conclusion of the thousands digit, it also
closes a circuit for relay 5730 which operates to
supply ground for the locking circuits of relays
5711, 5721, etec. Therefore, when relay 5711 op-
erates after the registration of the hundreds digit,
a circuit is closed from ground at the front con-
tact of relay 5730, inner left front contact of relay
5711, conductor 6442, upper contacts of cam §421,
conductor 6212, winding of relay §202, conductor
6550 to battery. Relay 6202 connects the relays

1,958,635

of hundreds register 5710 to certain of the relays
of registers 6520 and 66060. Since relays 5714
and 5717 were assumed to be operated, a circuit is
closed from ground at the right contact of relay
5714, outer right front contact of relay 6202, con-
ductor 5731, right winding of relay 6521 to bat-
tery. A circuit is also closed from ground at the
inner right contact of relay 5717, inner right front
contact of relay §202, conductors 5781, right wind~
ing of relay 6601 to battery. Since relay 6514 i

operated, a circuit is closed from grounded con-
ductor 5450, outer left front contact of relay 6201,
right front contact of relay 6514, right back con-
tact of relay 6513, conductor 5782, to the wind-
ing of relay 6602 and battery. Relay 6202 also
closes a circuit from ground over its middle right
front contact, upper right contact of cam 6401,
to the winding of sequence switch magnet 6400
advancing the sequence switch to position 10 in
preparation for making incoming group selection,
With sequence switch 6400 in position 18, the
fundamental circuit is established for incoming
group selection and extends over the same path
as traced for incoming brush selection. The
counting relay circuit extends as previously traced
to the lower left contact of cam 6419 and thence
over the upper left contact of that cam, front con-
tact of relay 6601, front contact of relay 6602,
conductor 6543, back contact of relay 5914 to the
winding of relay 5913 and battery. Therefore,
four revertive impulses are required to satisfy
the sender, after which the sequence switch 6400 is
advanced to position 11. When sequence switch
6400 leaves position 10, relay 6201 releases in turn
releasing the relays of registers 6510.

In position 11 the fundamental tip is connected
to the fundamental ring to discharge any static
charge which may have accumulated thereon be-
fore starting final sections. The circuit, for this
purpose, extends from conductor 5448, front con-
tact of relay 5423, back countact of relay 6504,
through resistance 6425, left contacts of cam 6403,
resistance 6428, right back countact of relay 5931
to conductor 5447. Since relay 6202 is operated,
sequence switch 6400 is immediately advanced to
position 12 where the fundamental circuit is re-
closed for final brush selection. -

The check of incoming group selection is also
delayed in the test circuit until the dial sequence
switeh reaches position 10, following the trans-
mission of the hundreds digit. This is accom~
plished by applying ground to interrupters 2418
and 3017 over the upper left contact of cam 215,
upper right contact of cam 212, conductor 3837,
and the left contacts of cam 3818 in position 9 in-
stead of directly from the lower right contact of
cam 3811. This is to prevent interference with
synchronizing circuits which will be described
hereinafter. Sinece incoming group selection is
under the controi of bothh the thousands and
hundreds digits, the counting relay .circuit ex-
tends frem the No. 3 counting relay 3903 over
the back contact of relay 3513, conducter 3958,
left contacts of cam 1022 of the hundreds register
and the upper left and lower right contacts of cam
1104 of the thousands register, conductor 1124,
lower right contact of cam 3815, lower left con-
tact of cam 3816 to the front contact of relay
3933 whence it extends as previously deseribed.

The counting relay circuit for final brush
selection in the sender extends from ground over
the lower lefi and upper right contacts of cam
6408, conductor 8430, front contact of relay 6009,
conductor 6026, upper contacts of cam 6407, con~
ductor 6435, inner left back contact of relay 59386,
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lower left and upper right contacts of cam 6419,
right front contact of relay 6521, back contact of
relay 6522, conductor 6541 to the winding of relay
5917 so that the second brush set of the final
selector would be taken for use. If will be noted
that the circuit over the contact of the stepping
relay is now reversed to save wear on the contact.
As before the operation of relay 5929 advances
sequence switch 6400, this time to position 13.
The advance of the sequence switch releases relay
6202 and the relays of registers 6520 and 6600.
The counting relay cireuit in the testing circuit
extends from the winding of relay 3901; back
contact of relay 3911, conductor 23957, over the
right contacts of cam 1022, being dependant solely
on the hundreds digit, conductor 3838, over the

lower left contact of cam 3814 and thence as

previously traced. Following the check of final
brush selection, sequence switch 3800 is advanced
to position 11 from which it is immediately ad-
vanced to pogition 12 over its local cam.

Final tens selection is checked in position 12
of sequence switch 3800 under the control of the
tens key after sequence switch 200 has reached
rosition 11 where it furnishes ground for the
interrupters. Sequence switch 3800 is also ad-
vanced through position 13 over its local cam.
Final units selection is checked in position 14
through the units key after the dial control switeh
200 reaches position 14. Following this check
sequence switeh 2809 is advanced in the usual
manner to position 15. In position 12 of seguence
switeh 6400, relay 6203 is operated as soon as the
reception of the tens digit causes the operation
of relay 5721. Relay 6203 connects the tens
register 5720 with the relays of register 6610
which now becomes the final tens register. Since
relays 5725 and 5727 were operated, circuits are
closed from ground over the right contacts of
these relays and relays 6612 and 6614 are op-
erated to control the final tens selection. The
operation of relay 6203 also advances sequence
switch 6400 to position 14 to close the funda-
mental cireuit for making final tens selection. At
the completion of final tens selection, sequence
switch 6400 is advanced to position 15 where a
circuit is prepared for relay 6301 which is com-
pleted as soon as the units digit is received. This
relay functions in the same manner as relay 6203

~ to transfer the designation from the units register

to register 68600 and to advance the sequence

switeh 6400 into position for making final units

selection which takes place in position 16.
Following final units selection sequence switeh

< 6400 advances to position 17 where the funda-

mental circuit is reestablished for receiving re-
verse battery which normally comes from the in-
coming selector. With sequence switch 3800 in
position 15 the fundamental tip conductor 5448
is extended as previously traced to conductor 3826
and extends over the upper contacts of cam 3821
to ground at the right front contact of relay 3103
as previously traced for the fundamental ring
conductor. The fundamental ring conductor
5447 extends as previously traced to conductor
9505 and thence over the lower contacts of cam
3718, conductor 1333, lower contacts of cam'1311,
conductor 622, right back contact of relay 611,
conductor 3839, left contacts of cam 3820, and
thence to the winding of relay 3004 as previously
traced for the fundamental tip conductor. Cur-
rent Aow in the fundamental circuit is therefore
reversed. Relay 3004 operates in this circuit and
closes a cireuit from ground over the right con-

< tacts of cam 3704, inner left front contact of

13

relay 3004, conductor 3617, left contacts of cam
3813, to interrupter 3200 which at its first closure
completes a circuit over the back contact of relay
3202 to the winding of relay 3201 and hattety.
Relay 3201 locks through the winding of relay
3202, over the right contact' of relay 3201, con-
ductor 3840 to ground-over the right contacts of
cam 3804. Relay 3202 operates when the infer-
rupter contact opens and extends the circuit
controlled by the interrupter over the front con-
tact of relay 3202, left front contact of relay 3201
through the windihg of relay 3205. This relay
ocperates whien the interrupter closes its contact
for-the second time and locks over its left contact

and conductor 3840 to ground. It also cornects

ground-over its right contact, upper right contact
of cam 3824 to the winding of sequence switch
magnet 3300 and batiery, advancing the sequence
switch to position 16.

In the sender both relays 6000 and 5925 are
operated in- this reverse battery circuit. Relay
5925 in operating closes a circuit-from ground at
its contact over the left contacts of cam 6411
through the left winding of relay 5925 to battery
holding the relay operated. It also closes a cir-
cuit over the upper left and lower right contacts
of cam: 6411, winding of relay 5935 to battery.
With relay- 5935 operated, the operation of relay
6000 closes a-circuit from ground over its front
contact to-conductor 6435 as previously traced,
outer-left front contact of relay 5935, winding-of
relay 5919 to battery. Relay 5919 operates and
locks as-before-described through the windings of
relays 5920 and 5929. The-contacts of relay 5935
are so arranged that the outerleft contact should
close before the inner left contact closes. The
outer left contact in cooperation with relay 6000

closes the usual circuit for operating the No. 0-

counting relay:5919; The inner'left contact closes
a circuit through the winding: of relay 5919;

through - relays: 5920 and 5929 in parallel, and-

over the right back contact of relay 5932 to
ground over the upperiright contact of cam 6416,
but -this circuit is ineffective if the circuit con-=

trolled by the stepping relay 6000 closes first as’

it should, since the: circuit of relay 5919 con-
trolled thereby- is in shunt of the windings of
relays 5920 and 5929. .

In.position 16 of sequence switch 3800, a circuit
is closed from 48-volt battery over the left con-
tacts of cam 3709, conductor 1214, resistances 3107
and-3106 which are of equal value;, conductor 3113

to ground atthe upper left contact of cam-3803. -

The fundamental tip extends in this position of
sequence switch 3800 as previously traced to the
upper left contacts of -cam 3821 and thence over
the lower- left contacts of cam- 3821, conductor
3841, through the winding of relay 1800, conduc-
tor 1806 to the point between resistances 3106 and
3107 so that, in effect, it is connected to 24-volt
battery. The fundamental ring extends to the
upper left contact of cam 8819 as previously traced

and over the lower left contact of that cam, con--

ductor 3842, winding- of relay 1205, to conductor
1214 -so that the fundamental ring has 48-volt
battery connected to it. If the sender has op-
erated correctly, and the fundamental circuit ‘is
held closed until relay 3205 operates, the advance
of sequence switch 3800 opens the reverse battery
circuit permitting relay 6000 to release, relay 5925
being held operated in-its locking-circuit. The

release of relay 6000 -opens the initial operating:

circuit for reldy 5919 and permits the series cir-
cuit through the three relays to become effective,
whereupon: relay 5920 further opens the funda-
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mental circuit and relay 5929 closes a circuit from
ground over its front contact, right front contact
of relay 5935, winding of relay 5931 to battery.
Relay 5931 operates locking over its inner left
front contact to grounded conductor 5938. Re-
lay 5931 opens the fundamental ring condtictor
at its right contact. Relay 5929 also closes a cir-
cuit from ground at its front contact over the
right front contact of relay 5935, lower contacts
of cam 6412, right contacts of cam 5512 through
the winding of relay 5932 to battery. Relay 5332
closes a circuit from battery through the wind-
ing of relay 5928, right front contact of relay 5932,
upper right contact of cam 6416 to ground. Re-
lay 5928 locks over cam 6405, operates relay 5927,
and releases relays 5926, 5919, 5920 and 59529.
When relay 5929 releases, it closes a circuil over
the back contact of relay 5929, front contact of
relay 5928, upper left contact of cam 6401 to
magnet 6400 advancing the sequence switch to
position 18. Relays 5925 an 5935 release. Relay
5631 remains locked and holds relay 5332 op-
erated. Relay 5928 also releases and closes a
circuit for relay 5926 over the upper left contact
of cam 6416 to ground. If relay 5%35 does not
close its contacts in the proper order so that relay
5920 opeuns the circuit of relay 3004 before relay
3205 has operated, the release of relay 3004 dis-
connects ground from interrupter 3200 and pre-
vents the operation of relay 3205 and the advance
of sequence switch 3800 to position 16 blocking
the test.

With sequence switch 3809 in position 16 a test
is made for false grounds or ghort circuits on the
With
the circuit arrangement above described a false
ground connected to either the fundamental tip
or the fundamental ring would operate either re-
lay 1800 or relay 1205, while o short circuit be-

‘tween the fundamental tip and fundamental ring

would cause the operation of hoth these relays.
If relay 1800 operates, it connects ground over
the left back contact of relay 1801 to conductor
1807 and if relay 1205 operates it connects ground
from the right back confact of relay 1891, front
contact of relay 1205, and the left back contact
of relay 1801 to conductor 1807 and thence to the
winding of relay 3003 which is the false ground
relay. This relay if operated locks over its right
front contact to grounded conductor 3618. It
also closes a circuit from ground over conductor
3113, over the inner left front contact of relay
3003, conductor 3028 through lamp 2800, resist-
ance 2701 and hattery.

At the same time that the fundamental circuit
is being tested for false ground or cross-connsc-
tions a test is made for slow advance of the
sender. 'The operations which occur in the send-
er in response to the release of relay 6000 by the
advance of sequence switch 3800 should take
place within a given minimum length of time.
Therefore when sequence switch 3800 reaches po-
sition 16 ground is connected over the lower right
contact of cam 3801, conductor 3833, to inter-
rupter 3605. Relays 3601, 3603, 3602, 3604 and
3619 operate in succession as previously described.
The operation-of relay 5932, as above described,
opens the shunt around the high resistance wind-
ing of relay 6006 including this resistance in the
circuit of relay 3103 of the test circuit. Relay
3103 releases, closing a circuit from ground at its
right back contact, conductor 3114, winding -of
relay 613, conductor 623, upper right and lower
left contacts of cam 1614 to battery. Relay 613
operates and, if neither relay 3603 nor relay 3619
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has operated, closes a cir¢uit from ground over
its outer right front contach, conductor 624, right

front contact of relay 3602, left back contact of

relay 3619, outer left back contact of relay 3003,
conductor 3834, right contacts of cam 1321, con-
ductor 1334, lower right contact of cam 3823 to
the winding of sequence switch magnet 3800 and
battery, advancing sequence switch 3800 fto po-
sition 17. If relay 3619 operates before relay
€13 operates, the circuit for advancing sequence
switch 3800 is opened and the test is blocked in
position 18. If no ground is found put the call
is blocked by the operation of relay 3618, the cir-
cuit formerly traced over the inner leit front
contact of relay 3003 for lanmip 2800 extends over
the back contact of that relay to lamp 2801. If
the circuit operates promptly the advance of se-
quence switch 3800 disconnects relays 1205 and
1800 from the fundamental circuit and releases
relays 3601 to 3604 and 3619.

The advance of sequence switch 3800 to posi-
tion 17 closes a circuit from ground over the
lower right contact of cam 3803, conductor 331,
cutber left contact of relay 317, lower left contact
of cam 218, winding of seguence switch magnet
Z80 to battery, advancing the dial control se-
guence switch 200 to position 15. When sequence
switch 280 advances from position 14, it opens the
circuit over which relay 5424 has been held oper-
ated. The opening of this circuit causes the re-
lease of relay 5424 which in turn releases relays
54186, 5413, 5414, and 5415. With sequence switch
206 in position 15, the dialing tip conductor is ex-
tended cover the lower left and upper right con-
tacts of cam 221 to the winding of relay 304 and
batlery. Relay 304 operateg in this circuit from
ground at the outer right back contact of relay
598317, closing a circuit from battery through the
winding of. sequence switch magnet 200, lower
left contact of cam 201 to ground at the inner
right front contact of relay 304 advancing se-
guence swilch 200 to position 16.  When sequence
switch 266 reaches position 1534 in advancing to
position 16, battery is connected over the lower
contacts of cam 205 to the circuit of reiay 6008 to
give a maximum current flow through that relay
before releasing it. ' :

With sequence switeh 260 in position 18, a cir-
cuit is closed from ground over the upper left
contact of cam 215, lower leit contact of cam 217,
to interrupter 713 which, on first closing its con-
tact extends ground over the normal contact of
relay 708 and through its winding to hattery
through resistance 711. Relay 709 operates in
this circuit locking over its right front contact
to ground over the lower left contact of cam 212.
It also closes a circuil from battery through re-

sistance 712 and the winding of relay 710, right'

front contact of relay 709 to ground over cam 212,
but relay 710 cannot operate as long as the in-
terrupter contact is closed, since the battery
through resistance 712 is shunted over the baeck
contact of relay 7i0. When the interrupter opens
its contact, relay 710 operates. The operation of
relay 719 closes a eircuit from battery through
the winding of relay 311, right front contact of
relay 710, conductor 264, to ground at the upper
left confact of cam 217.. Relay 311 locks over ilg
inner left front contact to grounded conductor
264, The operation of relay 311 opens the shuni
over its left normal contact which, up to this time,
has been cloged around the windings of relays 309
and 316. It also connects ground from eonductor
264 over its outer left contact to conductor 330
and the winding of relay 310.
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shunt of battery through resistance 265 connected
to the circuit of relay 6006, thercby causing the
release of relay 6008. In the sender the connec-
tion of ground to the circuit of relay 6006 causes
the release of that relay, in turn releasing relay
5934, With relay 5934 released a circuit is closed
from ground over its outer right back contact,
ouber left contact of reiay 5933, winding cf relay
8005 to battery. Relay 6005 locks over ifs outer
right front contact to ground over conductor
5445, TIi also connects ground in shunt of battery
through resistance 6004 so that relay 5933 also
releases. The connection of relay 6005 to con-
ductor 5445 causes the operation of relay 310, but
relay 309, which is marginal, does noi operate.
In the meantime the second closure of interrupter
713 connects ground to resistance 711 in shunt
of the winding of relay 708, causing that relay to
release. It also closes a holding circuit for relay
710 over the normal contact of relay 7096 when that
relay releases. With relay 710 cperated and re-
lay 708 released, a circuit is closed from battery
through resistance 718, winding and left normal
contact of relay 714, inner right front contact of

5 relay 719, left back contact of relay 709, to ground

over the Iower left contact of cam 212. Relay 714
locks in a manner similar to that described for
relay 709, closing an energizing circuit for relay
715 which is ineffective until relay 710 releases
when the interrupter contact opens a second time.

The operation of relay 310 closes a circuit from
ground over the lower left contact of cam 217,
front contact of relay 319, left outer back contact
of relay 715, winding cof relay 305 to battery.
iay 305 locks over its inner right front contact,
contact of key 363, upper left and lower right con-
tacts of cam 220, conductor 237, left confacts of
cam 1606, conductor 2212 tc ground over the up-
per right contact of cam 1608. Relay 305 closes
a circuit from battery through the winding of se-
quence switch magnet 200, lower right contact of
cam 201, conductor 246, inner left front contact
of relay 365, left contacts of cam 215 to ground.
Segquence switeh 200 advances to position 17

5 where the locking circuit of relay 305 is opened

and that relay releases, bringing sequence switch
250 to rest in position 17. The interval between
the advanecs of sequence switch 200 to position 18
and the operation of relay 715 is a minimum of
half ‘a second, during which time the sender
should release relay 6056 and remove ground from
the tip side of the dialing circuit. If it fails to
do so the operation of relay 715 opens the circuit
over which relay 305 is operated and thereby
blocks the advance of sequence switch 200.

With sequence switch 200 in position 17 and
relay 5934 released, the ecircuit for checking
talking selection is completed, extending in the
test circuit from the winding of relay 3004 as
traced for previous selections to conductor 5448
and in the sender over the front contact of relay
5423, lower contacts of cam 6422, winding of
relay 6009, back contact of relay 5920, front
contact of relay 5926, right winding of relay
5925, resistance 5930, inner right back contact
of relay 5934 to ground. Relay 6000 closes the
counting relay circuit from ground as previously
{raced to the upper right contact of cam 6420,
lower left contact of that cam, back contact of
relay 5924, front contact of relay 69010, front
contact of relay 6023, 6541, back contact of re-
lay 5918, winding of relay 5917 to battery. As
in previous selections, relay 3004 connects
ground to interrupters 2418 and 3017, operating
the counting reiays and transmiiting impulses

Re-.
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to the sender. The counting relay circuit for
this selection may be traced through the winding
of relay 3901, back contact of relay 3911, con-
ductor 3957, inner left operated contact of key
1551, conductor 1575, upper left contact of cam
3814 and thence as previously traced to ground,
thereby simulating the positioning of the dis-
trict selector in the second talking position. If
this selection is performed correctly, relays 3608
and 3609 operate as previously described. When
relay 5929 operates at the completion of the
talking selection, it closes a circuit from ground
at its front contact over the right back contact
of relay 5935, left contacts of cam 6418, to the
winding of relay 5937 and battery, and cver the
left contacts of cam 6423, left back contact of
relay 5934, to conductor 5447 whence it extends
in the testing circuit as previously traced to the
upper left contact of cam 3819 and thence over
the upper right contact of that cam, conductor
3832, inner right front contact of relay 311, con-
ductor 2831, marginal relay 2827 to battery. Re-
lay 2827 locks over its left front contact and
conductor 2832 to ground over the upper left
contact of cam 3807. With relay 2827 operated,
the operation of relay 3609 closes a circuit from
grounded conductor 3613, left front contact of
relay 3609, conductor 2427, right front contact
of relay 2827 to the winding of relay 2822 and
battery.

With sequence switch 3800 in position 17 prior
to the cperation of relay 2827, ground over con-
ductor 2832 extends over the back contact of
relay 2827, back contact of relay 2821, through
lamp 2813 to conductor 3027 and the inner left
contact of key 2700. The operation of relay
2827 opens the circuit of lamp 2813. With se-
guence switch 3800 in position 17, a circuit is
also closed from ground over the lower contacts
of cam 2311, conductor 3843, bhack contact of
relay 2822, back contact of relay 2821, through
the talking selection lamp 2802, right contact
of the talking selection key 1551, through lamp
1541, conductor 1573 to the outer right contact
of key 2769, preparing the circuit for lighting
the talking selection lamp and the No. 1 lamp
to indicate the selection should failure occur.

With relay 2822 operated the circuit from
grounded conductor 3843 is extended over the
front contact of relay 2822, conductor 2833,
cuter left normal! contact of key 701 to the
armature of relay 309. The operation of relay
5937 in the sender disconnecis ground from con-
ductor 5442 thereby releasing relay 3504. When
relay 5937 coperated, it opened the circuit of re-
lay 6001 connecting battery through resistance
6002 over the outer left front contact of relay
5837 and the inner right front contact of relay
6005 to conductor 5445 in parallel with relay
6005. Resistance 6902 is sufficiently low in value
to permit relay 309 to operate in series with it.
Relay 309 extends the ground which was con-
nected to its contsct as previously traced over
the right back contact of relay 304, upper left
contact of cam 219 to the winding of sequence
switch magnet 200 and batbery, advancing se-
quence switch 200 to position 18. The advance
of sequence switeh 200 from position 17 discon-
nects ground from the windings of relays 310
and 399 thercby releasing them and relay 6005.
With relays 6005 and 5414 released a circuif is
closed from battery through the winding of
sequence switch magnet 6400, lower right con-
tact of cam 6401, lower contact of relay 5414,
back contact of relay 5933, back contact of re-
lay 8005 to ground. Sequence switch 6400 ad-
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vances in this circuit to position 1 thereby dis-
connecting battery at cam 6424 from the va-
rious conductors associated therewith and
ground at cam 6416 from conductor 5938 which
in turn releases relay 6003. The disconnection
of ground from conductor 5838 releases relay
5526 which confrols the time measure switch
restoring that switch to normal. When se-
guence switch 200 reaches position 18 a circuit
is closed from battery through the winding of
magnet 3800, lower left contact ¢f cam 3824, con-
ductor 3844, outer lower left operated contact of

key 2200, conductor 22186, right contacts of cam.

1301, conductor 1335, upper right contact of cam
214 to ground, advancing sequence switch 3800 to
normal.

With sequence switch 200 in position 18 a cir-
cuit is closed from battery through the winding
of sequence switch magnet 1600, lower left con-
tact of cam 1603, right normal contact of key
2207, inner upper normal contact of key 2300,
conductor 2332, right contacts of cam 208 and
thence over conductor 1021, and the normal
checking path as previously traced to ground,
thereby advancing sequence switch 1600 to posi-
tion 6. Since relay 2203 is unoperated at this
time, sequence switch 1600 is immediately ad-
vanced to position 7 over the upper right con-
tact of cam 1604 to ground at the right back con-

.~tact of relay 2203. If the sender has restored to

normal, battery through resistance 6002 will
again be connected over the left back contact of
relay 6003 to conductor 5446, again establishing
a circuit for relays 2323 and 2209 which function

‘as previously described to indicate that the

sender has been restored to normal, causing the
operation of relay 2201, which in turn advances
sequence switch 1600 fo position 8. When se-
quence switch 1600 left position 5 the locking cir-

n-cuit of relays 2205 and 2301 was opened and those

relays released. When relay 2205 releases a cir-
cuit is closed from conductor 3027 through lamp
1622, lower contacts of cam 1602, left back con-
tact of relay 2205, right normal contact of key

12210, conductor 2213, contacts of cam 1322, con-

ductor 1330, lower right contact of cam 214 to
ground, preparing lamp 1622 for lighting if the
test should be blocked at this time. With se-
quence switech 1600 in position 6, ground is con-

“nected over the upper right and lower left con-

acts of cam 1607, conductor 246, lower right con~
tact of cam 201 through the winding of sequence
switech magnet 200 and battery, advancing se-

quence switch 200 to position 1.

With sequence switch 1600 in position 8 a cir-
cuit is closed from battery through the winding
of sequence switch magnet 1600, upper contact
of cam 1605, inner right back contact of relay
2202, left back contaci of relay 2203, upper right

. contact of cam 1612 to ground, advancing se-

quence switch 1600 to position 9.

With sequence switch 1600 in position 9 ground
is connected over brushes 1713 and 1703 of the
master selectors, left contacts of cam 1616, back
contact of relay 2208, inner right upper operated
contact of key 2200, brush 1716 to the winding
of magnet 1727 and battery. The circuits pre-
viously traced through the winding of relay 1623
in parallel with magnet 1727 and in shunt of that
relay over the back contact of magnet 1727 are
completed as previcusly traced. When the sender
selector magnet opens its contact, relay 1623 op-
erates advancing sequence switch 1600 to posi-
tion 10 or 1 in the manner previously described.
The advance of sequence switch 1600 disconnects

1,058,685

ground from magnet 1727 permitting that mag-

. net to release and advance the sender selector to

the next sender. The advance of sequence switch
1600 from position 1 and the test for busy or idle
condition of the sender, as well as the complete
test of the sender, take place as described for the
first sender. These tests then centinue until all
of the full mechanical senders have been tested.
While it is cbvious that a large number of send-
ers would require testing, for simplification of the
drawings only two sender selectors have been
shown.

When the test circuit has tested the last full
mechanical sender, the last sender selector will be
advanced to the first spare set of terminals cor-
responding to position 16 of switch 1720. Se-
quence switeh 1600 is advanced from position T
over the normal checking path formerly traced,
and when it reaches position 2 with the sender
selector engaging its first spare terminal, a circuit
is closed from battery through the winding of
relay 2311, contact of brush 1726, brush 1715,
conductor 1756, contacts of cam 1611, to ground
through the test relays 2209 and 2323 as previ-
ously traced. Relay 2311 operates but the test
relays do not.  Relay 2311 closes a circuit for re-
lay 2204. Relay 2204 in operating connects
ground over its outer left front contact, brush
1715, to brush 1726 thereby holding relay 2311
operated and maintaining its own operated con-
dition. With relay 2204 operated, a circuit is
closed from ground over the lower right contact
of cam 1612, inner right back contact of relay
2203, outer right front contact of relay 2204, up-
per right contact of cam 1603 to the winding of
sequence switch magnet 1600 and battery, ad-
vancing. the sequence switch to position 8 from
which it is advanced to position 8 by ground over
the back contact of relay 2203 and cam 1605. In
position 9 magnet 1727 is operated in cooperation

with relay 1623 advancing sequence switch 1600

to position 10 or 1 and the sender selector to the
first of the strapped spare terminals. With brush
1726 engaging the strapped terminals relay 2204
is locked to ground at its own outer left front
contact, magnet 1727 is energized in a self-inter-
rupting circuit over its interrupter contact, and
sender selector 1730 is-advanced to terminal 21.
Sequence switch 1600 cannot advance from po-
sition 1 since the circuit for that purpose is
now opened at the contact of relay 2204.

When brush 1726 engages its twenty-first ter-
minal, relay 2204 releases and a circuit is closed
from battery through the winding of relay 2307,
contact of group key 2306 which was operated:at
the beginning of the test, the twenty-first termi-
nal of the sender selector brush 1726, brush 1715,
cam 1611, conductor 1628 and thence as previously
traced throngh the windings of relays 2209 and
2323 to ground at the contact of start key 2200.
Relay 2307 closes a circuit for lamp 2308 to in-
dicate that the last full mechanical sender has
been tested, since the keys must be reset before
testing key pulsing operator’s-senders.

When the keys have been reset, group key 2306
is released. A circuit is thereupon closed from
bhattery through the winding of relay 2203, normal
contact of Key 2306, the twenty-first terminal of
brush 1726 to ground through the test relays and
key 2200. Relay 2323 cannot operate in the high
resistance of this circuit. The release of relay
2204 permits the advance of sequence switch 1600
to position 2 over the normal checking path. The
operation of relay 2203 advances sequence switch

1600 to position 3 where ground at the left back.

‘80

85

90

95

100

105

110

115

120

125

130

135

140

145

150



16

15

20

25

30

35

40

45

55

60

70

1,958,635

contact of relay 2201 advances to position 4. In
positions 3 and 4, with relay 2203 operated, mag-
net 1727 is again operated in cooperation with
relay 1623 and advances switch 1720 to its twen-
ty-second or normal position at the same time
that sequence switch 1600 is advanced to posi-
tion 5. With relay 2203 operated, sequence
switch 1600 advances through position 5 immedi-
ately and in position 6 the master selectors 1700
and 1710 are enecrgized and advanced to the next
sender selector, the connecfor sequence switch
1600 being advanced to position 7 and thence to
position 8 under the contrel of relay 2203. Se-
quence switch 1600 is advanced from position 8
over the upper left contact of cam 1603, normal
contact of brush 1736, brush 1715, outer left front
contact of relay 2203, to ground at the upper right
contact of cam 1612. As sequence switch 1600
advances to position 9 the next sender selector
magnet is energized and relay 1623 operated ad-
vancing the connector sequence switch to posi-
tion 10 or 1 as the sender selector takes one step.

If the master selector advances to a terminal
to which no sender selector is connected, ground
through brush 1713 will be connected to the in-
terrupter contact and winding of magnet 1717,
and over brush 1704 to the winding and inter-
rupter contact of magnet 1707 thereby advanc-
ing the master selectors either to normal or to a
connected sender selector. When the last sender
has been tested and the last sender selector ad-
vanced to its twenty-first terminal, sequence
switch 1600 is advanced to position 2 in the man-
ner previously described. Relay 2203 operates as
above in series with the test relays 2323 and 2209.
The operation of relay 2203 advances sequence
switch 1600 to position 3 and relay 2201, being
normal, advances it to position 4. With relay
2203 operated in position 4, the sender selector
magnet and relay 1623 function, advancing the
sender selector to normal and the sequence switch
to position 5. Relay 2203 then advances se-
quence switch 1600 to position 6 where the mas-
ter selector magnets are energized, advancing
the master selectors to normal and sequence
switch 1600 to position 7. Relay 22023 then ad-
vances sequence switch to position 8. With the
master selectors normal, ground over brush 1713
advances sequence switch 1600 to position 9,
where a circuit is closed for lamp 1627 over the
upper right and lower left contacts of cam 1617
to ground over brush 1704, indicating that the
test has been completed. When key 2200 is re-
stored, relay 1623 operates in a circuit over the
lower right and upper left contacts of cam 1616,
outer right lower normal contact of key 2200, to
ground at the left back contact of relay 2204, and
advances sequence switch 1600 to position 10 or 1
where relay 2203 releases and lamp 1627 is ex-
tinguished. If the cycle of tests is to be restaried,
the key 2200 must be reoperated.

If it is desired to test the full mechanical
senders for other test calls before proceeding to
test the operator’s senders, key 2200 will be re-
stored. The master and sender selectors will be
restored to normal by operating key 2210 and ad-
vancing the selectors by the operation and re-
lease of the master and sender selector keys 1708,
1718 and 1728. These keys receive ground from
the left back contact of relay 2204, lower right
contact of key 2200, and the right operated con-
tact of key 2210. When the master and sender
selectors have been restored to normal, connec-
tions are reestablished for the first full mechani-

17
cal sender to be tested in the manner previously
described.

Full mechanical call—Incoming selector to

overflow

The test circuit is also arranged to test the
ability of the sender to handle other typical full
mechanical calls. One other type of test call is
one which simulates the action of the incoming
selector when that selector goes to overflow, for
example, because of an all-trunks-busy condi-
tion. For this test the class key 1562 is operated
advancing the class sequence switch 3700 to po-
sition 2. Talking selection key 1553 is also op-
erated since, if the sender responds correctly, it
will direct the call to an operator’s position and
establish a corresponding talking condition,
rather than the talking condition indicated by
the test number, otherwise the keys may be the
same as operated for the full mechanical call
Jjust described. The code digits will be transmit-
ted and checked exactly as previously described
and the thousands and hundreds digits as well.
Incoming brush and incoming group selections
will be checked leaving sequence switch 3800 in
position 9, sequence switch 200 in position 10 and
the sender sequence switch 6400 in position 12
ready for making final brush selection. At the
termination of group selection, relay 3608 is held
operated in a circuit over conductor 3614, lower
right and upper left contacts of cam 3818, lower
right contact of cam 3710 to ground, sc that se~
quence switch 3800 is advanced to position 15 be-
fore relay 3608 releases bringing it to rest. Since
relay 3608 is operated, relay 3004 is held deener-
gized to prevent the transmission of any false
pulses during this advance.

As sequence switch 3800 passes through posi-
tion 13, a circuit is closed from ground over the
lower right contact of cam 3808 through the wind-
ing of relay 3940 to battery over the lower left
contact of cam 3703 and the lower right contact
of cam 3709. Relay 3940 closes a circuit from
battery through the winding of relay 3943 to
ground at the inner right contact of relay 3940.
Relay 3940 disconnects ground from the funda-
mental ring conductor. When sequence switch
3800 reaches position 15, a circuit is closed from
battery through the winding of relay 3941, inner
left front contact of relay 3940, to ground over
the lower right contact of cam 3907. Relay 3941
operates relay 3942 and relay 3942 in turn op-
erates relay 3946. Relay 3946 closes a circuit
from ground at its inner right front contact, out-
er left contact of relay 3941, back contact of the
No. 8’ counting relay 3918, inner left front con-
tact of relay 3941, to battery through the wind-
ing of relay 3944. When sequence switch 3800
reaches position 15, relays 3608 and 3609 release
so that the operation of relay 3946 now closes
a circuit from battery through coil 3947, winding
of relay 3945, inner left front contact of relay
3943, conductor 3954, inner right back contact
of relay 3609, conductor 3614 to ground at the
inner right front contact of relay 3946. How-
ever, until relay 3909 operates, a shunt is closed
around the winding of relay 3945 over the outer
left front contact of relay 3943 and the back con-
tact of relay 3909. Relay 3946 also closes a cir-
cuit from ground at its inner right front con-
tact, conductor 3614, inner right back contact
of relay 3609, conductor 3954, outer right front
contact of relay 3943, conductor 3024, left front
contact of relay 3020, conductor 3022, right back
contact of relay 2901, conductor 2922, left back
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contact of relay 2418, interrupter 2419, conductor
2424 left back contact of relay 2908, conductor
2923, right back contact of relay 2418, conductor
2495, inner left front contact of relay 3942, right
front centact of relay 3844, back contact of the
No. 3’ counting relay 3913 to the winding of No.
3 counting relay 3903, and thence to battéry as
previously traced. Relays 3903, 3502, 3961 and
3900 with their corresponding relays therefore
operate in succession under the control of inter-
rupter 2415. Since relay 3946 is operated, the
operation of relay 3910 extends the circuit con-
trolled by interrupter 2419, over the front contact
of relay 3910, outer right front contact of relay
3946, back contact of relay 3919, to the No. 9
counting relay 3609 which also operates under
the control of the interrupter followed by relays
3908 and 3918.

When relay 3932 operates in the open period
of interrupter 2419 the fundamental circuit is
prepared from. battery through the winding of
relay 3004, conductor 3021, back contact of relay
3934, conductor 3959, left back contact of relay
3608, conductor 3612, left contacts of cam 38290,
conductor 3839, right back contact of relay 611,
conductor 622, upper contacts of cam 3718, re-
sistance 3008, back contact of relay 3607, conduc-
tor 2505 and thence as previously traced to the
fundamental ring conductor through the sender
where the fundamental circuit is established for
final brush selection, back to the fundamcntal
tip conductor which extends as previously traced
to conductor 3826, upper-laeft and lower right con-
tacts of cam 3821, conductor 2925, left hack con-
tact of relay 2904, right back contact of relay
2829, conductor 2132, through left contact of
compensating resistance key 2128, conductor 3832,
outer left front contact of relay 3944, outer right
front contact of relay 3942, conductor 3025, left
back contact of relay 3018, interrupter 3017, con-
ductor 3955, inner right front contact of relay
3943, left front contact of relay 3946, front con-
tact of relay 3932, inner left front contact of re-
lay 3944, to ground, but is held open at the con-
tact of interrupter 3017, whose open period coin-
cides with that of interrupter 2419. When in-
terrupter 2419 closes, operating relay 3909, inter-
rupter 3017 closes the fundamental circuit. The
operation of relay 3909 opens the shunt arvound
relay 3945 which opsrates and closes a shunt
around interrupter 3017 which may be traced
from. the outer left front contact of relay 3944
over the contact of relay 3945, back contact of re-
lay 3908, conductor 3623, right back contact of

“relay 3609, conductor 3614 to ground at the in-

ner right front contact of relay 3846 holding the
fundamental cireuit closed during the open period
of the interrupter.” The operation of relay 3918
opens the circuit of relay 3944 which releases,
opening the fundamental circuit and terminating
the reverse battery closure, which simulates the
action of a selector at tell tale.  If the compen-
sating resistance included in this circuit is as
great as 1600 ohms, the sender overflow relay
5925 is tested both for adjustment and sticky back
contact. With relay 3908 operated, relay 3608
is operated in a circuit over the right back con-
tact of relay 3944, inner right front contact of re-
lay 3941, front contact of relay 3918, outer left
front contact of relay 3941, to ground at the in-
ner right front contact of relay 3946. Relay 3608
operates relay 3609 which advances sequence
switch 3800 to position 16 where the release of
relay 3103 is awaited. _ ' o

In the sender the reverse bhattery closure

1,958,635

causes the operation of relay 5925 as well as relay
60006. Relay 5925 locks over its left front con-
tact, left contacts of cam 6411, and right winding
of relay 5925 to battery. It also closes a circuit
over the upper contacts of cam 6411, through the
winding of relay 5924, which locks over its middle
left contact to conductor 5938. It also closes o
circuit over the upper right and lower left con-
tacts of cam 6411 through the winding of relay
5935 to battery. With relay 5935 operated, the
operation of relay 6000 closes a circuit from
ground over the lower left and upper right con-
tacts of cam 6408, conductor 6430, front contact
of relay 60990, conductor 6020, upper contacts of
cam 6407, conductor 6435, outer left front con-
tact of relay 5935, winding of relay 5919 to bat-
tery. When the reversed battery is disconnected
from the fundamental circuit, relays 5920 and
59529 operate as previously described in the lock-
ing circuit of relay 5919. Relay 5929 in operat-
ing closes a circuit from ground over its front
contact, right front contact of relay 5935, wind-
ing -of relay 5931, to battery. Relay 5931 locks
over its inner left front contact to grounded con-
ductor 5938. It also opens the fundamental ring
conductor and connects ground over its outer
left front contact, upper right contact of cam
6402 to the winding of sequence switch magnet
6400 and battery, advancing the sequence switch
to position 17. The advance of sequence switch
3800 permitted the completion of the transmis-
sion of the wanted number by seguence switch
200 and the advance of the timing switch 5500
beyond position 8. Therefore relay 5932 is oper-
ated in & circuit from battery through its wind-
ing, over the right contacts of cam 5512, lower
contacts of cam 6412, right front contact of re-
lay 5935, to ground at the front contact of relay
5929. Relay 5932 opens the shunt around the
high resistance right winding of relay 6006 in-
troducing that resistance into the circuit of re-
lay 3103 which thereupon releases. With relay

5932 operated, a circuit is closed from battery.

through the winding of relay 5928, right front
contact of relay 5932, to ground at the upper
right contact of cam 6416. Relay 5928 in turn
operates relay 5927, .which releases relay 5926
and the operated counting relays 5919, 5920 and
5829. With relay 5928 cperated, and relay 5929
released, sequence switch 6400-is advanced to
position 18, where the circuit for talking selec-
tion is established. . Since relay 5924 is operated,
the circuit for talking selection as closed by re-
lay 6008, extends as previously traced to con-
ductor 6435 and thence over the uppeér right and
lower left contacis of cam 6420, inner right front
contact of relay 5924, to the No. 3 counting relay
5912 thereby requiring the transmission of four
impulses to satisfy the condition set up in the
sender.
district selector to the overflow position where
a sighal would ordinarily ke returned to the sub-

seriber to indicate that the call had not been

completed properly.
The release of relay 3103 in response to the in-

crease of resistance in its circuit causes the ad-

vance of sequence switch 3800 to position 17
through the operation of relay 613. The test
of the release of the sender relay 6006 and of the
talking selection under the control of the No. 3
key 1583 take place in the same manner as
for the first call traced.

Full medzam'cal cail—Office selector to overflow

This would be effective to advance the
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the action of the sender when an office selector
goes to overflow. For this test the key 1563 is
operated advancing sequence switch 3700 to po-
sition 3. This test may be made in connection
with either a full mechanical or call indicator
type of test call, but if it is desired to test the
ability of the sender to shunt the trunk test relay
under such conditions it is necessary to use a
test call corresponding to a full mechanical call
such as the one first described. Selections up to
and including office group selection are tested as
described for the full mechanical call. The fur-
ther operation is the same as described for in-
coming overflow test. In the test circuit follow~
ing the check of district and office selections re-
lays 3608 and 23689 when operated in position 5
following office group selection are held locked
over the circuit previously traced to the lower
right contact of cam 3818 and thence over the
upper right contact of cam 3818 to ground at
the upper right contact of cam 3710 advancing
sequence switch 3800 to position 15. In posi-
tion 15 the previously traced reversed battery
circuit is closed over the fundamental circuit
through relay 30064, but relay 3004 can not oper-
ate in series with the trunk test relay 6909 and
trunk test resistance.

In the sender following office group selection
sequence switch 6400 is advanced to position 7
where the trunk test circuit is established. Af
this time, the reverse battery closure by the test
circuit operates the trunk guard relay 6014 but
relay 5925 does not receive sufficient current to
operate. Relay 6014 in turn operates relay 660Y.
Relay 6007 advances sequence switch 6400 to posi-
tion 8 in which position the fundamental cir-
cuit is established in the sender for incoming
brush selection. Relay 5925 operates in this ecir-
cuit togethier with the stepping relay 6000. Relay
5925 locks as previously deseribed and operates
relay 5924 which also locks independently of re-
lay 5925. Relay 5925 also operates relay 5935.
Relay 5924 advances sequence switch 6400 to posi-
tion 10. Relay 5924 closes a circuit extending from
the fundamental ring conductor over the left front
contact of relay 5924, upper right and lower left
contacts of cam 6422, to the winding of relay 6600
until sequence switch 6400 leaves position 834
maintaining the circuit of that relay closed and
holding the reversed battery circuit long enough
to permit the operation of any two-wire selector
which might be included in the circuit. The oper-
ation and release of relay 6000 in combination
with the operation of relay 5935 operates relays
5920, 5919 and 5929 as previously described ad-
vancing sequence switeh 5400 to position 17.

The advance of sequence switch 6400 to posi-
tion for making incoming brush selection, remov-
ing the high resistance of relay 6014 and the
test resistance from the fundamental circuit, per-
mits relay 3004 to oparate. The operation of
relay 3004 closes a circuit from battery through
the winding of relay 3205, right contacts of
cam 3714, left contacts of cam 3813, conductor
3617, inner left front contact of relay 3004, to
ground over the right contacts of cam 3704.
Relay 3205 locks over its left front contact and
conductor 3840 to ground over the right con-
tacts of cam 3804 and connects ground over its
right contact and the upper right contact of
cam 3824 to the winding of sequence switch
magnet 3800 and battery advancing the sequence
switch to position 16. The advance of sequence
switch 3800 to position 17 and the remainder of

the fest continues as described for full mechanical
calls.

Full mechanical call—Permanent signal

The next type call for which the sender is to
be tested is that of a permanent signal, which
occurs when the subscriber removes the receiver
from the switchhook and fails to dial. For this
type of call, key 1564 is operated advancing se-
quence switch 3700 to position 4. The proper
district brush and district group keys must be
operated in addition to the skip office key 1425,
the No. 3 talking selection key 1553, compensating
resistance key 2128 and permanent signal key
616. The numerical keys may be operated in
any desired combination sinece these digits are
neither dialed nor checked, but it is necessary
to advance sequence switches 1000 and 1100 in
order to complete the initial normal checking
path. The dial control sequence switch 200
is advanced to position 3 in the manner previously
described. It is then advanced from position 3
to position 138 in a circuit which may be traced
from battery through the winding of sequence
switch magnet 200, upper right contact of cam
201, conductor 2423, inner left back contact of re-
lay 2411, conductor 321, right back contact of
relay 317, to ground at the right operated
contact of key 1564. Therefore, sequence switch
200 is advanced through the dialing positions
without transmitting any digit to the sender. It
is advanced to position 14 over the back con-
tact of relay 708 as usual. When sequence switch
200 reaches position 7, sequence switch 3800 is
advanced to position 2 where it awaits the clo-
sure of the fundamental tip in the sender for dis-
trict brush selections. When sequence switch
200 reaches position 13, a circuit is closzd from
battery through the winding of relay 610, inner
upper contact of key 616, to ground over the lower
right contact of cam 211, With relay 610 oper-
ated ground is disconnacted from conductor 620
thereby disabling the time alarm circuit of Fig.
23, since the time consumed by the sender in
response 1o a permanent signal condition ex-
ceeds that allowed by the usual timing operation
in the test circuit. Ground over the left back

contact of relay 612 is extended over the right

front contact of relay 610, to interrupter 608
which controls the circuit of magnet 607 and ad-
vances the stepping switch 600 one step each
seven seconds. If selections are attemped pre-
maturely, by the sender and sequence switch
3800 reaches position 13 before switch 600 has
advanced beyond terminal 1, a circuit is closed for
relay 3102 from battery through its right wind-
ing, conductor 3115, outer upper contact of key
616, brush 604 in position 1, conductor 3845,
over the upper right and lower left contacts of
cam 3812 to ground. Relay 3102 in turn operates

relay 612 and removes ground from interrupter

608. If sequence switch 3800 is slow in advanc-
ing and has not gotten beyond position 3, when
the switch 600 reaches position 8, relay 3102 op-
erates over the circuit previously traced to brush
604 and thence to ground over conductor 3346
and the left contacts of cam 3812.

In the sender relay 5424 is operated in a man-
ner previously described as well as relays 6006,
6003, 5934 and 5933, connecting ground to con-
ductor 5938 in the manner previously described.
The connection of ground to conductor 5938 op-
erates relay 5526 over the contacts of cam 5512,
relay 5526 locking to conductor 5938 independent
of cam 5512. Sequence switch 5500 is advanced
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to position 2 under the control of relays 5526 and
5527 and in this position the timing operation
starts. Relays 5531 and 5533 operate under the
control of interrupter 5521 to measure off a time
interval during which the first digit is expected
to be received as described in the above identified
patent to R. Raymond et al. Relay 5528 is op-
erated when relay 5531 operates at the third
closure of interrunter 5521 and locks through the
winding of relay 5527 which operates when relay
5533 also operates at the opening of the inter-
rupter. Relay 5527 advances seguence switch
5500 to position 3 where the timing relays release.
Tn position 3 a circuit is closed from battery
through the upper winding of permanent signal
relay 5425, lower left and upper right-contacts of
cam 5513 to ground at the back contact of relay
5597, Relay 5425 locks over its second lower con-
tact and grounded conductor 6817, operates relay
5491 over its inner lower contact and connects
ground over its upper-front contact to conductor
5840. Relay 5421 initiates the operation of the
decoder connector and deccder, while the ground-
ing of conductor 5849 causes the operation of
the permanent signal relay in the decoder which
thereupon functions to determine the setting for
the selection control registers of the sender which
will connect the subscriber with a permanent sig-
nal trunk to an operator’s position. Relay 5425
also connects ground over its lower front contact,
lower front contact of relay 5421, upper contacts
of cam 5501 to the left winding of relay 5527 ad-
vancing sequence switch 5500 to position 14. In
position 14 a ten second interval is measured for

- the release of the sender, interrupter 5521 operat-

ing relay 5551 which in turn operates relay 5528
which locks in series with relay 5527, and the
operation of relay 5533 following the opening of
the interrupter permitting the operation of relay
5527 to advance seguence switch 5500 to position
i5. If the sender is released, sequence switch
5500 .is restored to positicn 1. If the sender is
not released, relay 5425 is still operated and relay
5527 is operated in position 15 advancing the
sequence switch 5500 to position 18. In position
18, ground is connected over the left back con-
tact of relay 5527, upper conbacts of cam 5513
to conductor 5543 which operates the stuck
sender signal at the sender-make-busy frame.
Tikewise as sequence switch 5500 passes through
positions 14% to 15% ground is connected from
conductor 5938 over the right contacts of cam
5514 to make a record of the sender cn a stuck
sender recorder. However, if the permanent sig-
nal relay 5425 is properly operated and the de-
coder also cperates in the proper manner, the
district selections necessary to direct the call to
a permanent signal trunk will be made by the
sender.

Sequence .switeh 3800 checks these selections
in the manner previously deseribed, while the
fact that the skip office key 1425 is operated, holds
relays 3608 and 2809 through the oflice selection
positions which are thus skipped. Ground for
holding these relays is furnished over the lower
right contact of cam 3818, upper right contact
of cam 3818, and upper right contact of cam
3710 in positions 5 to 14 of sequence switch 3800,
so that sequence switch 3880 is advanced to posi~
tion 15. In this position the reversed battery
circuit previously traced is completed over the
fundamental circuit of the sender which there~
upon completes the circuit for trunk test causing
the operation of relay 3604 which advances se-

Talking se--
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lection and the release of ‘the sendeér take place
and are checked in the manner previously de-
seribed. Since the sender is expected to wait a
definite length of time, before setting up the
permanent signal condition, the circuit is so ar-
ranged that, if the fundamental circuit for dis-
trict ‘brush selection is completed prior to the
advance of sequence switch 200 to position 13, a
circuit is closed from battery through the winding
of relay 317, right back contact of relay 318,
right contacts of cam 218, conductor 258, inner
upper normal contact of key 3000, conductor
3032, lower contacts of cam 3715, upper right
contact of cam 3803 to ground. The operation of
relay 317 opens the circuit for advancing se-
quence switch 200 and prevents its advance to
position 13 thereby blocking the test. If the call
progresses properly, it will be complsted as pre-
viously described and relay 610 will release when
sequence switch 200 leaves position 17. If se-
quence switeh 200 does not advance beyond posi-
tion 17, relay 3102 operates over a circuit extend-
ing as previously traced to brush 604, and thence
with that brush in position 9 to ground at the
inner right front contact of relay 610. Relay 2102
in turn operates relay 612 which blocks the call,
and reconnects ground to conductor 620 so that
an alarm will be sounded when the time alarm o
Fig. 23 completes its operation. .

Call to special service or zero operaior

To test the ability of the sender to control the
establishment of a connection to a special or
zero operator, class key 1465 is operated advanc-
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ing the class sequence switch 3700 to position 5 g

and any numerical digit keys desired, in order
to close the normal checking path. The talking
selection key 1552 is operated and the skip office
key 1425 is also operated. Key 3600 will not be

operated as the marginal trunk test relay 6014 115

is not used on calls to operator’s positions. The
digit zero is transmitted to the sender with se-
quence switch 200 in position 4. With key 1465
operated, following the transmission of the A

code digit zero, sequence switch 200 is advanced 99

from position 4 to position 13, since relay 316
is held operated over its outer right front con-
tact, conductor 323, upper left contact of cam
216, lower left contact of cam 205, conductor

251 to ground at the right contact of key 1465. o5

In the sender the ten pulses corresponding to
the digit zero cause the operation of relays 5401
to 5410 in the manner previcusly described fol-
lowed- by the operation of relay 5411 and the

reoperation of relays 5401 to 5404 whereupon 130

relay 5412 is operated and subsequently the re-
lays 5405 to 5410, Therefore at the termination
of the digit zero ground is connected over the
inner lower front contact of relay 5410 and the

inner lower front coniact of relay 5412, con- 135

ductor 5435, inner right front contact of relay
5602, which is operated during the reception of
the first code digit, through the right winding
of relay 5603 and battery. Relay 5603 locks
through its left winding and inner. left contact
and the winding of relay 5601. It also connects
ground from conductor 5939 over its right front
contact to the winding of relay 5421 and bat-
tery. Relay 5421 connects battery from conduc-

tor 5539 over the back contact of relays 5538 and jyx

5536, normal contact of relay 5423, inner lower
front contact of relay 5421, to conductor 5630
and the decoder for causing the connection of
a decoder to the sender. None of the registering

conductors leading to the decoder is grounded, j5p
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and the decoder responds to this action to set
the selection control registers in such a man-
ner as to direct calls to the zero operator’s posi-
tion which is connected directly to the district
selector bank.

Therefore district selections are checked by se-
quence switch 3800 and when the sequence switch
arrives in position 3, relays 3608 and 3609 are
held operated by the skip office key 1425 from
positions 3 to 5 and from positions 5 to 13 the
locking circuit extends to ground over the up-
per right contact of cam 3710 so that these re-
lays are held operated, although the circuit for
advancing sequence switch 3809 is opened at the
contact of ecam 3811 in pogsition 6 so that the
sequence switch comes to rest in that position.
Sequence switch 6400 is advanced to position 7
following the compiletion of the district selec-
tions, where the trunk test circuit is established
in the manner previously described. With the
sequence switch 3800 in position 6 the funda-
mental circuit is closed in the test circuit from
the fundamental tip to the right contacts of
cam 3820, conductor 3830, left normal contact of
key 3600, resistance 3111, winding of relay 3188,
right back contact of relay 3102, winding of re-
lay 36086, to battery over the lower contacts of
cam 3709 and the fundamental ring extends to
the upper contacts of cam 3819, conductor 3832,
right contact of compensating resistance key
2128, conductor 3831 to ground over the lower
left contact of cam 38¢3.

In the sender, relay 6009 is operated in the
trunk test circuit in place of relay 6014, since
class relay 6504 is opsrated on all but full
mechanical calls. Relay 6009 in turn operates
relay 6008 which operates relay 6007. Relay 6067
closes a circuit from ground at its left front
contact, lower contacts of cam 6406, right front
contact of relay 6504, back contact of relay 6502,
winding of relay 5921 to battery. Relay 53821
locks to grounded conductor 5938 and extends
ground over its inner left contact, upper left
contact of cam 6402 to the winding of sequence
switeh magnet 6400 and battery advancing the
sequence switch to position 10. As the sequence
switch passes through position 934 a circuit is
closed from battery through the winding of relay
5931, left contacts of cam 6412, outer left front
contact of relay 5921 to grounded conductor 5938,
operating relay 5931 wheh also locks to conductor
5938. Relay 5931 advances sequence switch 6400
to position 17 where relay 5932 is operated as
previously described, in turn operating relay
5928 and advancing seguence switch 6400 fo
position 18. In this position talking selection
takes place. Since this call is for an operator,
neither relay 6010 nor 6021 will be operated and
the circuit controlled by relay 6000 at this time
will extend as previously traced to the lower
left contact of cam 6420, back contact of relay
5524, back contact of relay 6010, back contact
of relay 5916 to the winding of relay 5915 and
battery, and it requires three revertive pulses to
Otherwise the operation is
the same as previously described. The operation
of relay 6009 in the sender and the advance for
talking selection, causes the insertion of high
resistance in the circuit of relay 3103 which there-
upon releases causing the operation of relay 613
which supplies ground over conducfor 624 and
the upper contacts of cam 3716 for advancing
sequence switch 3800 to position 7. It also sup-
plies ground over the right contacts of cam 3716
to the circuit controlled by relay 3605 for ad-
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vancing sequence switch 3800 which is thereby
advanced to position 15, and over the upper
right and Iower left contacts of cam 3716 to the
upper right contact of cam 3824 advancing the
sequence switch 2800 to position 16. It also con-
nects ground over the upper contacis of cam
3716, conductor 3834, left contacts of cam 1321 and
conductor 1334 for advancing sequence switch
3800 to position 17.

Full mechanical call—To three-digit operator

The test circuit is so arranged that the sender
may also be tested for handling calls to operators
reached by means of a three digit code, usually
of the form XII. In making such a test, key
14566 is operated, advancing sequence switch 3700
to position 6 and the digit keys 511 and 521 must
also he operated. The operation of key 1466 also
supplies bhattery for the fundamental circuit in
place of the battery supplied in the former tests
over the lower contacts of cam 3709. The skip
office key 1425 will or will not be operated ac-
cording as the particular operator is reached
through an office selector or not in the office
where the test circuit is established. = Other-
wise the test is practically the same as that for
zero operator except, of course, that proper dis-
trict brush and group selection keys must be
operated.

Full mechanical call—Unassigned or restricted
code

When an unassigned code is dialed, the decoder
immediately reroutes the call to an operator
or if a denied code is dialed, the class informa-
tion transmitted from the sender to the decoder
indicates that the call must be so rerouted. In
either event the decoder operates and locks re-
lay 6501 which in turn operates relay 6504.
With relay 6564 operated the fundamental cir-
cuit extends for a trunk test in the same manner
traced for relay call indicator calls as traced
hereinafter and, similarly, can not be established
until a complete number has been received, since
dial pulses incoming to the sender might falsely
vibrate the supervisory relay of the district
selector if the call were extended through to the
operator before pulsing was completed. The call
is set up in the test circuit in the same manner
as the full mechanical call first described. Key
1467 is also operated thereby advancing the class
sequence switch to position 7. Key 1467 also
supplies ground for the gperation of the pick-
up relay 315 and the locking of relay 316 so that

“the code digits and the hundreds, tens and units

digits are transmitted independently of switch
3800. However, the transmission of the thou-
sands digit depends on the advance of sequence
switch 3800 to position 6 in the manner previously
described. When sequence switch 3800 reaches
position 6 following the check of district and office
selections, the fundamental circuit is established
for-trunk test as described and the operation of
relay 3606 grounds the interrupter 3605 and a
test is made of the frunk guard relay 6009. From
position 6 the advance is similar to that de-
seribed in the test call io the zero operator. As
in the first full mechanical test, the use of the in-
terrupter 2605 and the delayed closure of the
operating cireuit for the trunk guard relay 6009
is a test to determine whether the sender waits
for the dialing of a units or stations-digit which
is to be expected where the subscriber dials a
restricted or unused code. All of the unused
codes should be tested, of course, with the class
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sequence switch 3700 in this position to determine
that the decoder recognizes them and that the
sender responds properly.

Full mechanical call—Abandoned afler partial
dialing

Another type of test call is that simulating a
full mechanical call abandoned after the dialing
of the thousands digit. For this call, key 1468
is operated, advancing sequence switch 3700 to
position 8. The remaining keys will be operated
as for any other full mechanical call. The code
digits are transmitted and the district and office
selections checked as described for the full me-
chanical call. The thousands digit is dialed im-
mediately after the third code digit, since ground
is supplied for dialing the digits over the upper
left contact of eam 3721 in position 8, conductor
258, and the upper right contact of cam 203. This
circuit remains closed from position 8 through
position 13 of sequence switch 200 so that, as
soon as the thousands digit has been dialed, se-
quence switch 200 is immediately advanced to
yosition 14. The dialing circuit which in pre-
vious tests was held closed over the right con-
tacts of cam 3720, in position 8 of sequence switch
3700 is held closed over the right contacts of
cam 3822 only until sequence switch 3800 reaches
position 6 following the check of district group
selection, Following the reception of the thou-
sands digit in the sender and the completion of
district group selection, the trunk test circuit
is established as previously described.

When sequence switch 3800 reaches position 6
opening the dialing circuit, relay 5424 is released.
The release of relay 5424 also releases relays
5416, 5413, 5414 and 5415 in turn. The release
of relay 5415 closes a circuit from ground over
its' upper back contact, upper contacts of cam
5502, to- the left winding of relay 5527 which
operates, advancing sequence switch 5500 to posi-
tion 8 where relay 5527 releases, which is nor-
mally an indication that dialing has been com-
pleted. A circuit is thereupon closed from bat-
tery through the winding of relay 5936, left back
contact of relay 5932, contacts of cam 5511, in-
ner right front contact of relay 5526, upper back
contact of relay 5414, upper back contact of relay
5424, to ground at the inner right back contact
of relay 5937. Relay 5936 locks over its middle
right front- contact to grounded conductor 5938
and closes a circuit from battery through the
winding of relay 5937 to grounded conductor
5938. Relay 5937 disconnects ground from the
armature of relay 5424 to prevent the reopera-
tion of relay 5915 in case the receiver should be
again removed from the hook before the dialing
leads are opened. ° Another contact of relay 5937
disconnects ground from the dialing tip conduc-
tor.” Relay 5937 connects ground frcm conductor
5938 over its inner left front contact to the up-
per winding of relay 5422 to release the decoder
if it should not-have released at this time. Relay
5936 closes a shunt from ground at its inner left
front contact over the front contact of relay
6001 to the point between the middle and left
windings of relay 6006 thereby shunting the sec-
ond one of the windings of relay 6006 leaving
only the.very low resistance middle winding in
the circuit of relays 3103 and 2402. The opera-
tion of relay 5937 disconnects battery from the
winding of relay 6001 so that this shunt is main-
tained only during the releasing time of the slow
to release relay 6001. This low resistance serves
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to operate a relay in the district to indicate that
the call can be released.

In the test circuit it operates marginal relay
2402, which locks through its left winding and
left front contact to conductor 1572 and ground
over the lower left contact of cam 3801." Relay
2402 also closes a circuit from grounded con-
ductor 1572 over its left front contact to the
winding of relay 2411 and battery, causing relay
2411 to operate. Relay 2411 in operaling con-
nects ground from the upper left contact of cam
2801, conductor 3618, inner right front contact
of relay 2411 to the armatures of relays 3100 and
3101, With sequence switch 3800 in position 6,
the trunk test circuit is established as previously
traced and trunk test is completed as in the full
mechanical call. The operation of relay 3100
closes a circuit over the left back contact of
relay 3619, left back contact of relay 3003, to the
upper left contact of cam 3824 advancing se-
quence switch 3800 to position 7 whence it is
advanced by ground over the upper right contact
of cam 1324, to position 8.

The sender responds to trunk test by advanc-
ing to position for incoming brush selection which
it attempts, but since relay 5936 is operated, the
counting relay circuit cannot be closed, the sender
cannot be satisfied and the fundamental circuit
is maintained closed. Therefore, when the se-
quence switeh 3800 advances o position 8, relay
3004 is again operated over the fundamental cir~
cuit, grounding interrupters 2419 and 3017 to
transmit pulses-to the sender and to the counting
relays. When relay 3932 operates-in response to
the pulses transmitted to the counting relays,
it closes a circuit from battery through the wind-
ing of relay 3608, conductor 3615, outer left front
contact of relay 3004, upper left and lower right
contacts of cam 3701, upper right and lower left
contacts of cam 3809, conductor 3827, back con-
tact of relay 2902, conductor 2924, over the left
back contact of relay 3946, contact of relay 3932,
left back contact of relay 3942, conductor 3953,
right contact of key 3204 to ground over the
lower left contact of cam 3810 and the lower
right contact of cam 3811. Relay 3608 locks in
the usual manner, operating relay 3609 and re-
leases relay 3932 which closes a circuit over its
back contact, conductor 3613, front contact of
relay 3609, conductor 2427, right contact of class
key 1468, lower left contact of cam 3823 to the
winding of sequence switch magnet 3800 and bat-
tery, advancing the sequence switch to position
15. In this position reverse battery is connected
to the fundamental circuit, in which relay 3004
operates closing a circuit from ground at the right
contacts of cam 3704, inner left front contact
of relay 3004, conductor 3617, left contacts of
cam 3813, right contacts of cam 3714, to the
winding of relay 3205 and battery. Relay 3205
locks over its left front contact, to ground cver
the lower right contact-of cam 3804, and closes a
circuit from ground over its right contact, upper
right contact of cam 3824 to the winding of se-
quence switch magnet 3800 and battery, advanc-
ing sequence switch 3800 to position 16.

The reverse battery circuit closed by the test
circuit causes the same operations in the sender
as was described for overflow except that, since
sequence switch 5500 has reached position 8, relay
5932 is operated immediately following the oper-
ation of relay 5926 without being obliged to wait
for the time measure switeh to advance to that
position. Since relay 5414 is released, sequence
switch 6400 is advanced to position 1 without
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waiting for talking selection, as soon as relays
5923 and 6005 release. In the test circuit, the
release of relay 3103 causes the advance of se-
quence switch 3800 to position 17. The advance
of sequence switch 3800 to position 17 closes a cir-
cuit for advancing seqguence switch 200 to position
15. Since sequence switch 3700 is in position 8, a
circuit is closed from battery through the wind-
ing of sequence switch magnet 200, over the lower
left contact of cam 201, upper right and lower
left contacts of cam 3712 to ground over the left
contacts of cam 215 whereby sequence switch 209
is advanced to position 16, In position 16, ground
is connected over the lower left contact of cam
217 to the armature of relay 310 and to inter-
rupter 713 which operates as previously described.
After an interval determined by that interrupter,
a circuit is closed for relay 311, which locks and
connects ground over its left contact to the cir-
cuits of relays 310, 309 and 6006 thereby releas-
ing the relay 6066 in the sender which is followed
by the connection of high resistance battery to
the circuit of relay 310, which thereupon operates,
cperating relay 305 and advancing sequence
switch 200 to position 17. In position 17 ground
is supplied to the armature of relay 209 over the
left contacts of cam 3720 and when low resistance

battery is connected to the circuit of relay 309.

that relay operates advancing sequence switch 200
to position 18. The restoration of the test cir-
cuit is the same as traced for full mechanical calls
previously described.

Full mechanical call-register control test

It will be remembered in the description of the
full mechanical call that a number of operations
take place in the sender between the reception
of the last pulse of one digit and the reception of
the first pulse of the next digit. When the last
pulse of the digit is received, relays 5424 and 5416
remain operated for an appreciable length of
time. The circuit of relay 5418 is thereby opened
and the circuit closed from battery through the
winding of relay 5420, normal contact of relay
5413 to ground at the front contsct of relay 5415.
Relay 5420 closes a holding circuit for itself under
the control of relay 5416. It also provides an op-
erating circuit for the transfer relay in series with
the locking circuit of the register relay, which in
turn locks to conductor 6017. All of these oper-
ations must take place in order to prepare for the
reception of the next digit.

In order tc test whether these relays operate
fast enough to insure that no puises are lost in
the transfer, a test is provided with class key 1469
operated, which advances the sequence switch
3700 to position 8. This test consists in the rapid
iransmission of four zeros for the numerical des-
ignation, since this gives the minimum time be-
tween digits when using the dialing interrupter.
A full mechanical code is set up on the test code
keys and zerc is registered as each of the numer-
ical digits for checking purposes. Key 401 is op-
erated so that interrupter 432 is used in place of
interrupter 431, since this interrupter has longer
open periods, making a more severe test of the
relays in the sender and permitting a maximum
saturation of relay 5418. Key 705 is also oper-
ated to include resistances 731 and 732 in the cir-
cuit and increase the severity of the test.

The check is carried out in exactly the man-
ner described for full mechanical calls, the dif-
ference between this call and the full mechanical
call being in the manner of transmitting the
numerical digits. After the code digits have been
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transmitted in positions 4, 5 and § of sequence
switch 200, the locking circuit of relay 316 is ex-
tended over conductor 323, uppsr Ieft contact of
cam 216, upper left contact of cam 206, conductor
259, to ground over the upper left contact of cam
3722, so that the relay is held operated until se-
quence switch 200 leaves position 13 causing the
advance of the sequence switch in the manner
previously described. With sequence switch 3700
in position 9, and sequence switch 200 in position
14, a circuit is closed from ground over the upper
left contact of cam 212, conductor 2929, lower
contacts of cam 3711, condiuctor 333, through the
winding of relay 302 and battery. With relay 302
operated, a circuit is closed from ground at the
inner left contact of relay 302, conductor 323, left
contact of key 700, left normal contact of relay
316, which releases when segquence switch 200
reaches position 14, winding of relay 315, to bat-
tery through resistance 728 but relay 315 is shunt-
ed in the usual manner to delay its operation
until the interrupter is in the proper position.
The dialing circuit extends from the sender as
previously traced to conductor 1337 over the right
operated contact of key 705, resistance 732, con-
ductor 727, left back contact of relay 315, in par-
allel with the contact of key 401 and interrupter
432, resistance 731, left contact of key 705, con-
ductor 733, right contacts of cam 3720, conductor
3729, right normal contact cf key 701, left con-
tacts of cam 204, to the ring conductor as previ-
ously traced. The operation of relay 315, in the
circuit above described, opens the shunt around
interrupter 432, which now transmits four series
of ten pulses each to the sender. With relay 315
operated a circuit is also closed from grounded
conductor 323, over interrupter 443, inner right
front contact of relay 315, conductor 320, lower
right and upper left contacts of cam 3718, con-~
ductor 252, upper right and lower left contacts
of cam 210, right normal contact and winding of
relay 709 to battery through resistance 71i, In-
terrupter 443 closes as previously described after
the last of the impulses have been sent for the
first numerical digit, closing the circuit for relay
709 which. operates and locks, and closes the cir-
cuit of relay 710. When interrupter 443 opens,
interrupter 432 immediately transmits the second
series of ten impulses corresponding to the sec-
ond zero. At the termination of this digit in-
terrupter 443 closes, shunting the winding of re-
lay 709 and causing the release of that relay, but
holding relay 710 operated. With relay 716 op~
erated and relay 709 released, a cireuit is closed
from battery through resistance 716, winding
and normal coniact of relay 714, right front con-
tact of relay 710, left back contact of relay 709,
to ground over the lower left contact of cam 212.
At the termination of the second closure of inter-
rupter 443, relay 710 also releases. The third zero
is then transmitted, at the end of which relays
709 and 710 are reoperated followed by the fourth
zero at the end of which relay 709 is released and
relay 710 again held operated. Relay 714 in op-
erating closes an operating circuit for relay 715
which does not become effective until relay 710
releases following the transmission of the second
zero. When relay 710 reoperates following the
transmission of the third digit, relay 714 is shunt-
ed but relay 715 is held operated. )
With relay 714 released, the next closure of the
interrupter 443 completes the circuit for operat-
ing relay 316 which extends over its right normal
contact, conductor 3726, upper contacts of cam
3717, conductor 3730, right back contact of relay
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311, to the inner right front contact of relay 715,
right back contact of relay 714, right front con-
tact of relay 3062, interrupter 443, conductor 323
to ground at the outer left contact of relay 302.
Relay 316 now operates and locks directly to
ground over conductor 323. With relay 316 op-
erated, relay 315 is held operated until inter-
rupter 443 opens its contact. Since relay 316 is
held operated to the front contact of relay 302,
no further digits.can be transmitted and the
check of the selections controlled by the registra-
tion is completed as previously described.

Call indicator call-tandem

For a test call simulating a call to a manual
office leading through a full mechanical tandem
sender, assume that the test number is CHelsea
10459 and that the first code digit C identifies
a two digit code so that only the first two digits
of the office name will be dialed, that is, the
letters C and H which are the equivalent of
the digits 2 and 4. 'To establish the condition
for making this test, the following keys will be
operated. The No. 2 A-code key 502, the No. 0
B-code key 510, the No. 4 C-code key 524, the
No. 0 thousands key 900, the No. 4 hundreds
key 914, the No. 5 tens key 825 and the No. 9
units key 839, and key 941 corresponding to the
digit 1 in the ten thousands place but located
in the same column with the stations digit which
is never used when a five digit number is used.
Likewise the No. 2 district brush key 1502 and
the No. 6 district group key 1416 are operated,
indicating that the corresponding district group
and brush will be used. The skip office key
1425 is operated indicating that no office selec~
tions are to be made. Talking selection key 1459
and class key 2113 are operated, as well as com-
pénsating resistance keys 2107 and 2116. Link
class key 2304 is also operated. Following the
operation of these keys the start key 2200 is
operated as before and sequence switches 1000
and 1100 are advanced to positions 1 and 5, re-
spectively, to correspond to the setting of keys
960 and 914. 'The operation of class key 2113
closes a circuit from ground over its left con-
tact, conductor 2133, right contact of cam 3706
to the winding of sequence switch magnet 3700
and battery advancing the class sequence switch
to position 13 which - corresponds to the call
indicator type of call.

The transmission of the test number to the
sender takes place in a very similar manner to
the transmission of the number for full mechani-
cal calls. Relay 3005 is operated over conductor
3629, outer left contact of ten thousands key
941, conductor 950, to ground at the lower right
contact of cam 217 as soon as sequence switch
200 advances to position 2. In position 3 the

.preliminary pulse will or will not be transmitted

according to the position of key 225. In posi-
tion 4 the circuit for the pull-up relay 315 ex-
tends as previously traced to conductor 323 and
thence over the left contacts of cam 216 and
conductor 254 to ground at the left normal con-
tact of key 404 which is not operated since the
test number employs a two digit code. This cir-
cuit remains closed in positions 4 and 5 so that
the operation of relay 316 causes the advance
of sequence switch 200 to position 6 where the
second code digit is transmitted under the con-
trol of key 524 in position 6. The circuit for
the pull-up relay 315 in positions 6, 7, 8 and 9
extends from conductor 323 over the upper con-
tact of cam 216, lower right contact of cam 203,
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conductor 248, inner right front contact of re-

lay- 3005, to ground over the upper right con-

tact of cam 3722 in the class sequence switch.
In position 7, a single pulse is transmitted and
the remaining pulses are shunted over the inner
left contact of the ten:thousands key 941 and
the lower left contact of cam 224. 'The thou-
sands and hundreds digits are transmitted in
positions 8 and 9 as previcusly described. 'The
tens digit is not transmitted until district and
office selections have been compiletely checked
as indicated by the advance of sequence switch
3300 to position 6. .

If a number under 10,000 had been used, relay
3005 would not have been operated and the cir-
cuit for relay 315 would have extended over the
lower left contact of cam 203, conductor 256 and
the inner right back contact of relay 3005 in
positions 8, 9 and 10 of sequence switch 2090,
during which the thousands, hundreds and tens
digits are transmitted. Switch 200 waits in po-
sition 11 before transmitting the units and pos-
sible stations digits. With relay 3005 not oper-
ated a circuit is closed as soon as sequence switch
200 reaches position 6 from battery through the
winding of relay 226 over the left back contact
of relay 3095, conductor 257, left contacts of
cam 203 to ground over conductor 256. Relay
226 connects ground from the upper left contact
of cam 207 to the winding of sequence switch
magnet 200, advancing the switch to position 7
while the last code digit is being transmitted. It
also provides a circuit for lighting lamp 229
after position 7 is reached, and holds the cir-
cuit for dialing the code digit closed in posi-
tion 7.

The circuit for operating the pick-up relay 315
in position 10 of sequence switch 200 extends
as previously traced to the upper right contact
of cam 202 whence it extends over conductor
244, outer right front contact of relay 3005, richt
contacts of cam 3702, conductor 3750, to ground
over the upper right contact of cam 3319. When
relay 316 operates with sequence switch 200 in

position 10, a ecircuit is closed from battery y;

through the winding of relay 318, over the inner
right front contact of relay 316, lower left and
upper right contacts of cam 209, conductor 248,
to ground as previously traced. Relay 318 locks

over its inner right front contact, conductor

3750, to ground over the upper right contact of
cam 3319. Ground for transmitting the units
digit is controlled by relay 2909 in the manner
to be described hereinafter. This ground also
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causes the advance of sequence switch 200 oub y3;

of position 12, Assuming that the sender-is not
8. coin sender, ground. from the left back con-
tact of relay 708 advances sequence switch 200
to position 14, where it remains until sequence
switch 3300 reaches position 18.

. The operation of the sender in response to its
seizure by the test circuit is the same as that
previously described except that, since key 2304
is operated, ground from the lower right con-
tact of cam 215 through resistance 249 is ex-
tended over conductor 270, inner operated con-
tact of key 2304, to the fundamental tip conduc-
tor and thence .over the back contact of relay
5423 through the right winding of relay 6106

and battery, and ground over the lower left con- 4

tact of cam 1309 is connected through resistance
1208, outer lower left normal contact of key
1206, conductor 1213, outer operated contact of
key 2304, conductor 2331, back contact of relay
619, conductor 621, and thence to the funda-
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mental ring conductor extending in the sender
over the outer left back contact of relay 6003 to
battery through the right winding of relay 6107.
Relays 6166 and 6107 lock in a circuit from bat-
tery over cam 6424, conductor 6429, left wind-
ings and left front contacts of relays 6106 and
6107 to grounded conductor 5938.

The first digit 2 will be recorded on register
5600 and, since relay 5805 is operated, relay 6102
will be operated from the front contact of relay
5805, and relay 6101 over cross-connecting rack
6100, back contact of relay 6103, front contact
of relay 6102, back contact of relay 5604, to
grounded conductor 6017. With relay 6101 op-
erated, the operation of relay 5501 closes a cir-
cuit from battery through the winding of relay
5622, back contact of relay 5621, front contact
of relay 6101, to conductor 5939 which is ground-
ed over the inner front contact of rslay 5601.
The second digit is therefore recorded on regisier
5620, operating relay 5828. The remaining digits
will be recorded on the numerical registers in the
usual manner, relays 5704, 5713, 5726, 5807, 5816
and 5817 being operated.

Following the operation of the decoder the
following register relays are operated: relays
6621 and 6624 in the compensating resistance
register, relay 6502 in the class register, relay
6512 in the district brush register, relays 6601
and 6604 in the district group register and no
relays in the office brush register 6520 or the
office group register 6610. At the same time,
talking selection relay 6010, stations delay relay
5820 and skip cffice relay 6823 are operated, as
well as relay 6022 which indicates that a full
mechanical tandem office is to be included in
the circuit. Likewise relays 6205 and 6021 are
operated from the zone relays of the decoder.
In addifion relay 6502 closes a circuit from bat-
tery through the winding of relay 6504, middle
left front contact of relay 6502 to grounded con-
ductor 5450, Relay 6504 disconnects battery
from the windings of relays 6291, 6202, 6203 and
6301 to prevent their operation on this class of
call and to perform other functions as described
hereinafter.

The operation of relay 5422, following the set-
ting of the selector control registers, releases the
decoder and establishes the fundamental circuit
to make district selections. These ' selections
take place in the manner previously described
except that the selection of the second district
brush and the sixth group of outgoing trunks is
simulated under the control of relay 6512 and
reiays 6501 and 6604, respectively. Since relay
5823 was operated to indicate that no office se-
lector was t0 be included in the coninection, when
relay 5928 operates in position 3 of sequence
switch 8400 following district group selection, it
is locked over the lower contacts of cam 6405,
conductor 6433, outer right contact of relay 5323,
conductor 5824, lower contacts of cam 6408, to
ground through positions 3 fo 6. Relay 5928
causes the advance of sequence switch 6400 out
of position 3 in the usual manner. With relay
5928 held operated by the skip office relay 5823,
sequence switeh 6400 is advanced to position 7
where relay 5928 releases. In position 7 relay
5823 supplies ground from the lower right con-
tact of cam 6409, conductor 6434, outer left con-
tact of relay 5823, conductor 5826 to the arma-
ture of relay 5928, permitting relay 5926 to im-
mediately reoperate without waiting for the re-
iease of relay 5927.

In the test circuit, with sequence switch 200 in

25

position 7, a circuit is closed from ground over
the upper right contact of cam 217, conductor
241, key 3000, upper left and lower right con-~
tacts of cam 3724, conductor 3329, upper left
contact of cam 3301 to the winding of sequence -’
switch magnet 3300 and battery advancing the
call indicator check switch to position 2. The
check of district selections in the test circuit is
approximately the same as for the fuli mechani~
cal call previously traced except that the circuit
of relay 3004 extends over the lower left and up-
per right contacts of cam 3305 instead of over
the contacts of cam 3820. The operation of re-
lays 2608 and 3609 advances sequence switch
3300 from rogition 2 and position 3 instead of :
sequence switch 3800. 'The skip office key 1425
closes a circuit from ground over the left con-
tact of key 1425, conductor 1481, upper right
and lower left contacts of cam 3313, to conduc-
tor 3614, supplying ground for advancing se~ -
quence switch 3300 to position 6.

It will be remembered that in making district
selections only the tip side of the fundamental
circuit is employed. During these selections the
fundamental ring is used to transmit a signal I
to the district selector to indicate the charge
zone in which the called line lies. With relay
6205 operated this circuit may be traced from
battery over the right contacts of cam 6424
through low resistance 6427, conductor 6436, 1
front contact of relay 6205, back contact of re-
lay 6204, inner left back contact of relay 6302,
right front contact of relay 5926, left contacts
of cam 6414, back contact of relay 5931 to the
fundamental ring conductor 5447.
circuit relay 2421 is operated in a circuit from
battery through the winding of that relay over
the left back contact of relay 2414, conductor
24217, left front contact of relay 3609 to grounded
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In the test 130

conductor 3613 when relay 3609 operates at the yi5

completion of district brush selection. With re-
lay 2421 operated, the zone registering circuit
extends over brushes 1721 and 1711, conductor
1754, outer left front contact of relay 2301, con-
ductor 621, right back contact of relay 2504, ;
right front contact of relay 2421, conductor 2430,
outer right operated contact of key 1459, con-
ductor 1480, left winding of relay 2413, right
winding of relay 2403, conductor 2431, to ground
at the inner left back contact of relay 612.]
Both relays 2403 and 2413 operate, relay 2403 ~
iocking over its left winding and inner left
front contact and relay 2413 locking from bat-
tery through its right winding and inner right
front contact, to conductor 2432 and ground at 7
the upper left contact of cam 3316. Relay 2403 ~
in operating prepares a circuit for lamp 2404.
With both relays 2403 and 2413 operated a cir~
cuit is closed from battery through the wind-
ing of relay 2414, outer left front contact of 1
relay 2403, outer left front contact of relay 2413,
conductor 2433, outer left operated contact of
key 1459 to grounded conductor 1572. Relay
2414 theretipon locks over its right front con-
tact to grounded conductor 5072, remaining op-

erated until sequence switch 3300 leaves posi- 1

tion 18. The operation of relay 2414 and the
advance of sequence switch 3300 to establish
the fundamental circuit for district group selec-
tion therefore is a check that the correct zone
potential has been transmitted from the sender L
towards the district selector. Relay 2414 also
releases relay 2421 and disconnects the zone
relays from the fundamental ring conductor.
‘When sequence switch 6400 left position 3, the
locking circuit of relay 6205 was opened and
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that relay released so that in position 6, relays
6302 and 6206 are operated as before. There-
fore: when sequence switch 6400 reaches posi-
tion 7, a trunk test is made in the usual manner
except that with relay 6504 operated, the funda-
mental cireuit- now extends from conductor
5448, over the front contact of relay 5423, left
front contact of relay 6504, right contacts of
cam 6403, conductor 6431, front contact of re-
lay 6206, conductor 6210, back contact of relay
6625, winding of relay 6009, back contact of re-
lay 5920, inner left front contact of relay 5926,
right winding of relay 5925, right contacts of
cam 6417, back contact of relay 6623, resistance
6626, front contact of relay 6624, lower contacts
of cam 6414, back contact of relay 5931 to con-
ductor 5447, This circuit differs from the full
mechanical trunk test circuit in that resistance
6425 was not included in the circuit and relay
6009 ‘was used in place of relay 6014.

Call indicator offices are of four
namely:

1. Offices employing numbers above 9999 and
stations digits;

2. Offices with numbers sbove 5999, without
stations digits;

3. Offices with numbers below 10,000 without
stations digits;

4, Offices with numbers below 10,000 and sta-
tions digits.

If g five digit number may be employed as in
cases 1, 2 and 4 above, the sender is arranged
to wait for an eighth digit for at least three
seconds beifcre closing the trunk test circuit,

classes,

- but to clese the circuit immediately following
the dialing of the units digit in the third case

above mentioned. The ability of the sender to
do this is tested in the test circuit through the
use of key 2818 and relays 2909 and 2903. When-

- ever a code or a number is set up for a test
" number which would cause the expectation of a

delay, key 2818 must be operated.
With switch 3300 in position 6, ground is ap-
plied over the upper right contact of cam 3319,

- conductor 3750, right contacts of cam 3702, outer
right operated contact of relay 3005 to conduc-

tor 244 and the upper right contact of cam 202
for transmitting the tens digit. Following the
transmission of the tens digit, that is the fourth

- digit of the number, relay 318 is operated and

locked as above described. With this relay op-
erated, a circuit is closed. from ground at the
left back contact of relay 2903, conductor 2926,
lower left and upper right contacts of cam 3308,

- conductor 3330, interrupter contact 444, outer

left front contact of relay 318, left back contact
of relay 720, conductor 3957 and thence to the
upper back contact of relay 3911 and the wind-
ing of relay 3901 and battery. When the in-

- terrupter opens its contact, relay 3911 operates

in the locking circuit of relay 3901 in the usual
manner. The second closure of the interrupter
contact causes the operation of relay 3900, and,
the second opening, the operation of relays 3910
The third clogsure of the interrupter
contacts closes a circuit which extends over the
front contact of relay 3910, conductor 3959, right
back contact of relay 2916, to the winding of
relay 2909 and battery over conductor 2935 and
Relay 2209 locks
to ground at its inner left front contact. The
operation of relay 2909 occurs approximately two
seconds after the completion of the transmission
of the fourth numerical digit. The operation

" of relay 2909 closes a circuit from ground at the
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lower left contact of cam 3710, conductor 2527,
middle right front contact of relay 2909, con-
ductor 245, lower left contact of cam 202, and
thence to the winding of the pull up relay 315
for causing the transmission of the fifth or units
digit.

The four classes of manual offices mentioned
previously are indicated to the sender by the
operation or non-operation of relays 5820 and
5821. For Class 1 neither relay 5820 nor 5821
would be cperated, for Class 2, relay 5820 alone,
for Class 3, both relays, and for Class 4, relay
5821 alone. For the third class no fifth numeri-
cal digit is ever used, but for the other classes
it may or may not be necessary to await a fifth
digit.

When sequence switch 6400 reaches position
7, the establishment of the trunk test circuit
awaits the release of relay 5928 which is held
vperated over one or more of a plurality of cir-
cuits depending on the stations delay condition
indicated by relays 5826 and 5821, the num-
ber registered and the position of the impulse
sequence switch 6700. Under the assumed con-
ditions relay 5822 is operated over the back con-
tact of relay 6105, (which operates from relays
5705 and 5707 to mark those thousands digits
such as 3 and 6 for which relay 5704 is also
operated), the zero relay 5713 of hundreds reg-
ister 5710 and the No. 1 relay 5704 of the thou-
sands register. Therefore, the locking circuit
of relay 5928 extends over its inner right front
contact, left contacts of cam 6405, from whence
the circuit extends either over the right back
contact of relay 5821 and the right front con-
tact of velay 5822, lower contacts of cam 5589,
left back contact of relay 6201 to grounded con-
ductor 5450, or over the right contacts of cam
6720, right back contact of relay 6501, inner left
front contact of relay 6502, to grounded conduc-
tor 5450.

The operation of the counting switch 5500
which is described in detail in the above identi-
fied patent of Raymond et al. may be briefly de-
scribed as follows.. The connection of ground to
conductor 5938 operates relay 5526 which in turn
operates relay 5527 and advances sequence switch
5500 to position 2. The time intervals are chief-
ly measured by means of interrupter 5521 and
relays 5531 and 5533. The first closure of inter-
rupter 5521 operates relay 5531, the first open-
ing operates relay 5533; the second closure of
the interrupter, about ten seconds later, releases
relay 5531 and holds relay 5533 while the second
opening- of the interrupter releasss relay 5533.
This cycle of operations may occur whenever
ground is connected to interrupter 5521. Se-
quence switch 5500 during a normal call is ad-
vanced to position 4 in response to the cpera-
tion of relay 5801 to indicate that the first digit
has been dialed. When the fourth numerical
digit has been recorded on the units register
cousing the operation of relay 5801, sequence
switch 5500 is advanced to position 6. In this
position relays 5531 and 5533 are placed under
vhe control of the fast interrupter 5520 which
closes its contact at half minute intervals for
the purpose of measuring the stations delay. Re-
lays 5531 and 5533 are operated by the first
eycle of interrupter 5520. Relay 5531 releases at
the second clesure of that interrupter. At this
time relay 5528 operates and locks. When relay
%533 releases at the second opening of the inter-
rupter contact, relay 5527 operates advancing se-
quence switch 5500 to position 7.

In the advance
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from position 6 to position 7, relays 5531 and
5533 release. In position 7 the same cycle of
operations is performed and sequence switch
5500 is advanced to position 8 about three sec-
onds after the reception of the fourth or tens
digit. When the timing switch reaches position
8, one locking circuit for relay 59828 is opened.
If relay 5811 is operated by the reception of a
fifth numerical digit sequence switch 5500 is im-
mediately advanced to position 8.

With class relay 6502 operated the sender is
prepared for ecall indicafor operation. There-
fore, when relay 5422 operates following the po-~
sitioning of the selection control registers, a cir-
cuib is closed from battery through the winding
of relay 6011, left back contact of relay 6501,
outer lower front contact of relay 5422, outer left
front contact of relay 6502, lower left contact of
cam 6409 to ground. Relay 6011 operates in this
circuit and prepares a locking circuit for itself
which is not effective at the present time. It
also closes a circuit from ground over its outer
right front contact, through the windings of re-
lays 8013 and 6012 to hattery. Relay 6013 closes
a locking circuit for relays 6012 and 6913 which
also becomes effective later. Relay 6012 also
closes & circuit from battery through the wind-
ing of sequence switch magnet 6700, upper left
contact of cam 6723, middle right front contact
of relay 6011, lower left contact of cam 6702, to
ground, advancing seguence switch 6798 beyond
position 2 whence it is moved to position 5 over
its Iocal cam. When seqguence switch 6700
reaches position 4, the locking circuit of relay
6011 over its inner right front contact is extend-~
ed over the lower right and upper left contacts
of cam 6722 to ground over the lower left con-
tact of cam 6416. From the foregoing it is ap-
parent that the locking circuit for relay 5928 is
probably also open at the impulser sequence
switeh at the time that it is opened at the timing
sequence switch. The time measured by the test
circuit is slightly less than that to be measured
by the timing cireuit of the sender so that the
transmission of the units digit should operate
relay 5811 permitting the establishment of the
fundamentzl circuit for trunk test.

In the test circuit under the present condi-
tions, the fundamental tin extends as previously
traced to conductor 3826 over the right contacts
of cam 3305, conductor 2333, right back contact
of relay 2810, ouier left kack contact of relay
2829, conductor 2830, over the left normal con-
tact of key 3800, resistance 3111, winding of relay
3100, right back contact of relay 3102, winding
of relay 3808, to battery over the lower contacts
of cam 3709, while the fundamental ring conduc-
tor extends as previously traced to conductor 621,
ieht back contact of relay 2504, conductor 2505,
right contacts of cam 3205, conductor 3832, left
oparated contacts of key 2116, vesistances 2120
and 2127, conductor 2132, right back contact of
relay 2829, left normal contact of relay 2504, con-
ductor 29225, right conbacts of cam 3821, left
hack contact of ralay 3940, conducior 3958, to
ground at the right front contact of relay 3103.
Therefore, when the sender establishes the fun-
damenteal circuit for trunk test, relay 3606 oper-
ates in turn operating relay 3607 which locks over
conductor 3618 to ground at the upper left con-
tact of cam 2323. Relay 2807 connecls ground
over its left front contact, conductor 3617, upper
right and lower left contacts of cam 3813, con-
ductor 730, left hack contact of relay 721, right
back contact of relay 708, conductor 2928, left

27

bhack contact of relay 2916, winding of relay 2902,
conductor 3331, to battery over the upper right
and lewer left contacts of cam 3310, Reiay 2203
iocks to ground at its inner left front contact.
If the trunk test circuit is established in the
sender prior to the elapse of the time measured
by the test circuil, that is, relay 2903 operates
before relay 2903, the operating circuit for relay
2909 is opened and the progress of the test is
arrested.

In the sender, relay 69069 operates in the trunk
test circuit, in turn operating relay 6908 aund re-
lay 6007. Relay 6007 closes a circuit from ground
at its left front contact, lower contacts of cam
64906, right front contact of relay 6504, front
contact of relay 65034, front centact of relay 6502,
outer right back contact of relay 5324, winding of
relay 5923 to battery. Relay 6007 locks over
conductor 6434, as long as sequence switch 6430
remains in position 7. In cowmbination with re-
lay 5923 it closes a hiolding circuit for relay 6005
in parailel with the contact of reiay 6206 and the
contacts of cam 6403, this holding ecircuit re-
maining closed after sequence switeh 6400 leaves
position 7, and thereby alzo holds relay 6207 op-
erated under the control of the test circuit. Re-
lay 5923 closes a circuit from ground at its outer
right contact over the lower left contact of cam
6401 tc the winding of sequence switch magnet
6400 and battery, advancing the sequence switch
to position 15. Relay 5923 also cleoses a locking
circuit for itself over the hack contact of relay
5824, middle left contact of relay 5923, to ground-
ed conductor 5938.

When relay 2509 cperates at the end of the
measured stations delay interval, if relay 2503
has not operated, a circuit is closed from battery
cover the left contacts of cam 3310, conductor
2935, winding of relay 2817, left normal contact
of key 2817, right back contact of relay 2903, in-
ner right front contact of relay 2909, left operated
contach of key 2818, conductor 2834 to ground
at the inner left back contact of relay 317. Re-
lay 2817 locks over its left front contact. When
relay 2803 operates in the trunk test circuit, a
circuit is closed from ground at the right con-
tact of relay 2917, over the inner right contact of
relay 2903, winding of relay 28256 to battery. Re-
lay 2826 closes a circuit from battery threough
the winding of sequence switch magnet 33690, low-
er left contact of cam 3302, conductor 3828, outer
right front contact of relay 2828, conductor 2835,
upper contacts of cam 3715 to ground. Sequence
switch 3309 advances to position 8 in this circuit.
With sequence switch 3300 in position 8, a circuit
is closed from battery through the winding of
relay 2802, lower right contact of cam 3319 to
ground. Relay 2902 cleses a circuit from battery
through the left winding of relay 28901, inner right
front contact of relay 2802, conductor 2929, upper
left contacts of cam 212, to ground.  With relay
2991 operate a ecircuit is closed from battery
through the winding of relay 2904, inner right
front contact of relay 2331, conductor 2937, lower
left contact of cam 3322, to ground. Relay 2984

ocks to this same ground independent of relay
2901, With relays 2904 and 2801 cperated, a plu-
rality of circuits are closed extending from
ground at the upper left contact of cam 212, con-
ductor 29826, inner right front contact of relay
2902, to the left contacts of relay 2801, thence
cxtending over the middle left confact of relay
2901, inner left contact of relay 2904, conductor
2655, rightt back contact of relay 3943, conductor

3024, left back contact of relay 3020, conductor %
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3952, right back contact of relay 3940, inner left
back contact of relay 3942, conductor 2425, right
back contact of relay 2418, conductor 2923, left
back contact of relay 2908, conductor 2424, in-
terrupter 2419, left back contact of relay 2418,
conductor 2922, outer right front contact of relay
2901, conductor 2936, right back contact of relay
3946, back contact of relay 3919, winding of relay
3209, to battery. A branch of the circuit just
traced extends from conductor 3955 to interrupt-
er 3017, and over conductor 2031 to the inner left
front contact of relay 2826. IXowever, the in-
terrupter is shunted for the time being over a cir-
cuit which extends from ground as above traced
to the middle left front contact of relay 2991,
over the outer right front contact of relay 2902,
conductor 3614, outer right back contact of re~
lay 3609, conductor 3623, back contact of relay
30807, conductor 3960, to the inner right front
contact of relay 2826 whence the circuit extends
over the outer left front contact of relay 2828, re-
sistance 2825, conductor 2838, lower left contacts
of camns 3304 and 3203, conductor 3335, outer left
front contact of relay 2904, inner right back con-
tact of relay 2829, conductor 2132, resistanhces
2127, 2120, left operated contact of key 2116, con-
ductor 3832, right contacts of cam 3306 to con-
ductor 2505 and thence as previously traced to
the fundamental ring conductor of the sender. A
circuit is also closed from ground at the upper
left contact of cam 212 as previously traced to
the left contacts of relay 2901 and thence over the
left back contact of relay 2900, winding of relay
2823, conductor 2839, resistance 3325, to battery
over the lower contacts of cam 331¢. However,
the winding of relay 2823 is shunted for an inter-
val over a circuit which may be traced {rom the
middle left confact of relay 2901 over the circuit
previously traced to conductor 3623, over the back
contact of relay 3906, conductor 2839, to resist-
ance 3325 and battery over the lower contacts of
cam 3310. It will be noted that with relay 2826
operated, the high resistance 2824 is now shunt-
ed by lower resistance 2825 giving an operate
test to the trunk guard relay in the seader.

The circuit traced through interrupter 2419 to
the winding of relay 2909 causes the successive
operation of the counting relays starting with the
No. 9 counting relay. When the No. 7 counting
relay 2907 operates, the shunt arcund interrupter
3017 is opened and when that interrupter also
opens it holds the fundamental circuit opened
for s period of .5 seconds to test the ability of
the trunk guard circuits in the sender to hold
over s short opening of the trunk circuit. As soon
as the No. 6 counting relay 3906 has operated
under control of interrupter 2419, the circuit for
relay 2823 is effective and that relay connects
ground directly to resistance 2824 rendering the
fundamental circuit independent of interrupter
3017. The counting relays continue to operate
under the control of interrupter 2419 and when
the last pair has operated including relay 3932,
the circuit controlled by the interrupter is ex-
tended over the front contact of relay 3932, left
back contact of relay 3946, conductor 2924, left
front contact of relay 2902, left back contact of
relay 2900, to the winding of relay 2911 and bat~
tery. Relay 2911 locks over its outer left front
contact to ground over conductor 2937 and the
lower left contact of cam 3322. Relay 2911 con-
nects ground from conductor 2937 over its inner
left front contact to the fundamental ring con-
ductor in shunt of the compensating resistance
thereby further increasing the current flow
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through the trunk guard relay 6009 in the send-
er. It also closes a circuit from ground over its
outer right contact, over the lower lef{ contact
of cam 3301 to the winding of sequence switch
magnet 3300 and battery advancing that se-
quence switch to position 8. Relay 2911 also con-
nects hattery through resistance 293¢ to conduc~
tor 3830 and the fundamental tip conductor, in
parallel with the winding of relay 3100.

The advance of the sequence switch 3300 to
position 9 connects ground to interrupter 2913
over the lower right contact of cam 3320. Relays
2906 and 2912, 2915 and 2914 operate in succes-
sion under the control of interrupter 2813, lock-
ing to ground at the lower right contact of cam
3320. Relay 2914 closes a substitute ground for
the ground at the front ccntact of relay 2823.
With relay 2814 operated the next closure of
the interrupter 2913 completes a circuit over the
outer right front contact of relay 2914, conductor
3728, upper contacts of cam 3711, conductor 2836,
outer right back contact and winding of relay
2829 to battery. Relay 2828 locks over its outer
right front contact to ground over conductor 3336
and the lower left contact of cam 3321. Relay
2829 in operating opens the fundamental ring

‘conductor in simulation of the assignment by

the manual operator. The delay measured by
relays 2908, 2912, 2914 and 2915 is for the pur-
pose of producing a wrong display if the trunk
guard relay in the sender releases falsely during
the short interruption of the fundamental circuit
previously described.

The opening of the fundamental circuit by the
operation of relay 2329 causes relay 6009 to re-
lease, in turn releasing relay 6007. The release
of relay 6007 places the fundamental circuit
under the control of the impulse switch 6700.
The release of relay 6007 also closses a circuit

from ground at the left back contact of relay i

6007, outer left iront contact of relay 5923,
through the winding of relay 5922 and battery.
Relay 5922 closes a circuit from ground at its
left contact, upper contact of cam 6724, winding
of seguence switch 6700 to battery advancing
sequence switch 6700 in its first revolution.

It is well known that the call indicator code
consists of a train of light negative pulses, upon
which light positive and heavy negative pulses
are superimposed under the control! of the regis-
tered designation. The light positive pulses are
generated by the connection of ground to the
ring conductor and battery through a high re-
sistance to the tip conductor, while the light

negative pulses are generated by connecting 1%

ground to the tip conductor and battery through
a high res:stance to the ring conductor, the heavy
negative pulses being generated by connecting
battery through a low resistance in parallel with
the high resistance battery to the ring conductor.
The fundamental circuit for the first impulse of
the first office code digit extends from conductor
5447, back contact of relay 5931, lower contacts
of cam 6414, front contact of relay 6624, through
resistance 6626, back contact of relay 6623, inner
right front contact of relay 5923, outer right
back contact of relay 6007, right front contact of
relay 6212, upper left and lower right contacts
of cam 86718 to ground and from conductor 5448,

front contact of relay 5423, inner left front con- 1

tact of velay 5923, inner right back contact of
relay 6007, left front contact of relay 6012, inner
left front contact of relay 6011 to the lower left
contact of cam 6705. With sequence switch 6700

in position 5, this circuit extends over the upper 1
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left contact of cam 6705, to the outer left arma-
ture of relay 5606 in the first office code register
5600, over the back contact of that relay, back
contact of relay 5604, which is also not operated,
conductor 6739, upper left contact of cam 6702,
lower contacts of cam 6703 to ground. While this
cireuit is not actually closed in position 5, it
overlaps the position slightly to insure the dis-
charge of the cable and prevent the false regis-
tration of a pulse when none is to be transmitted.
‘When relay 8700 reaches position 6, ground is
disconnected from conductor 5447 and connected
over the right contacts of cam 6719, left contacts
of cam 8718 to the inner right back contact of
relay 60607 and thence to conductor 5448. 1In this
position, battery is connected through resistances
6208 and 6207, conductor 6725, upper contacts
of cam 6714, to the outer right contact of relay
6007, and conductor 5447, while a branch of this
circuit extends from conductor 6725, outer left
front contact of relay 6011, lower contacts of
cam 6704, inner right front contact of relay 5605,
which i3 operated, to conductor 6732, uoper right
and lower left contacts of cam 6709, front con-

. tact of relay 5822, outer left back contact of

relay 5936, right contacts of cam 6708, conductor
5436, low resistance §427, right contacts of cam
6424 to battery. Therefore, a heavy negative
impulse is transmitted in this position. In posi-
tion 7 the same circuits are closed as in position
5, while in position 8 the circuit for generating
the light negative impulse is closed but the ecir-
cuit giving the heavy negative impulse prepared
over the right contacts of cam 6701, middle right
front conmtact of relay 6011, right contacts of
cam 6721 to the front contact of relay 5607, is
opened at the contact of relay 5607. Therefore,
the first digit transmitted corresponding to the
registered code letter C consists of a heavy nega-
tive impulse followed by a light negative impulse.

Tt wiil be remembered that no digit was record-
ed cn the second register in the sender, there-
fore, none of the relays of register 5610 are oper-
ated. The circuits for the two light negative
impulses are completed as above traced in posi-
tions 9 and 11 of sequence switch 6700 since they
are independent of the registers. In positions 13
to 16 the second office code digit 8, recorded on
register 5629, is transmitted.

Having transmitted the last of the coffice code
digits, it becomes necessary to determine in what
order the remaining digits are to be fransmitted.
Some offices have five digit numbers lying be-
tween 10,080 and 10,499. Some offices have party

¢ lines and party line designations while other
offices may have both or neither.

In addition
the number recorded may or may not lie in this
five digit range and may or may not have a
party letter. A five digit number will be trans-

- mitted in the order recorded, that is, ten thou-

sands, thousands, hundreds, tens and units which
are reccrded on the thousands, hundreds, tens,
units and stations registers, respectively, while for
all cther numbers the stations digit, or zero if no

. stations digit was recorded, will be transmitted

hetore the thousands digit. It has been assumed
that the wanted office has five digit numbers as
indicated by the non-cperation of relay 5821.
Relay 5822 is operated as above described to in-
dicate that the huadreds digit is zero and the
thousands digit one.

Relay 6164 is operated following the recep-
tion of the last digit in a circuit over the right
front contact of relay 5811, normal contact of

& relay 5727, left front contact of relay 5822, left

29

back contact of relay 5821 to grounded conductor
5450. The circuits for transmitting the numeri-
cal designation are carried over contacts of relay
6104 so that with this relay operated, the digits
are transmitted in the order ten thousands, thou-
sands, hundreds, tens and units.  These digits are
transmitted in subgstantially thie same manner
as the code digits.

When sequence switch 6700 leaves position 17,
the locking circuit of relay 6011 is opened and
that relay releases. When sequence switch 6700
reaches position 1, the circuit closed by relay 5922
is opened. However, the locking circuit of relay
6013 is closed in this position and a circuit is
corapleted from battery through the winding of
sequence switch magnet 6700, lower right con-
tact of cam 6723, right front contact of relay
6013 to ground ai the left front contact of relay
5922 so that sequence switch 6700 proceeds to
advance into the second. revolution. When se-
quence switch §700 leaves position 10 in the sec-
ond revolution, the locking circuit of relays 6012
and 6013 is opened and these relays release. At
the end of last pulse, ground on the tip con-
ductor is extended to position 16% of sequence
switch 6700 over the back contact of relay 6012,
upper contacts of cam 6722, and the lower left
contact of cam 6416. In passing through posi-
tion 17 an open pulse is transmitted.  In posi-
tions 17% to 18Y a heavy positive pulse is
transmitted. For this purpose the tip conductor
is extended over the left back contact of relay
6012, left contacts of cam 6708 to battery over
conductor 6436, while the ring conductor extends
over the right back contact of relay 6012 and
the right contacts of cam 6703 to ground. This
heavy pulse is used for controlling a two-wire
office selector if such a selector is included in
the connection.

With relay 2829 operated the fundamental cir-
cuit is first closed for checking the ground pulses
which precede an open first pulse. This circuit
may be traced as before from the fundamental
ring conductor 5447 to the inner right armature
of relay 2829 whence it extends over the inner
right front contact of relay 2829, outer left back
contact of relay 2820, right back contact of relay
2921 to the winding of relay 2920, and from the
fundamental tip conductor 5448, as Ppreviously

traced to the upper right contact of cam 3305,

over the lower right contact of that conductor
3333, right back contact of relay 2910, left front
contact of relay 2829, inner right back contact
of relay 2820, left back contact of relay 2921, to
the winding of relay 2919 and battery. These
relays 2919 and 2920 serve to test whether the
ground has been connected to the fundamental
tip and fundamental ring momentarily as de-
scribed above. Assuming that the momentary
ground is correctly connected to the fundamental
circuit, relays 2919 and 292§ operate, relay 2920
locking over conductor 3336 and the lower left
contact of cam 3321 to ground. Relay 2919 in
operating closes an obvious circuif for relay 2918
which locks to the front contact of relay 2920.
Since the ground is merely momentary, relay
2919 releases and a circuit is closed from ground
over the inner right front contact of relay 2920,
back contact of relay 2919, front contact of relay
2918, to the winding of relay 2921. With relay
2921 operated, the fundamental circuit is trans-
ferred so that it extends from the fundamental
ring as above to the right front contact of relay
2921, conductor 2934, left back contact of relay
4110, through the windings of positively polarized
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30
relay 4111, negatively polarized relay 4113 and
marginal relay 4112 in series, right back contact
of relay 4110, conductor 2933, right front contact
of relay 2921, and thence to the fundamental
tip conductor as above traced. The test circuit
is therefore prepared to receive the designation
from the sender.

Ground is supplied to the armatures of relays
4111, 4112 and 4113, to the switching relays 3510
and 3512 and to certain of the locking circuits
over conductor 3336 and to the remaining lock-
ing circuits over contacts of relay 4109 which
operates over conductor 3336.

When the first pulse is positive, which occurs
when the A-code digit is 1, 3, 6 or 8, for tandem
calls and when the ten thousand digit is 1 or the
stations letter is R on direct calls, relays 2919
and 2920 are not connected to the fundamental
circuit, but relay 2921 is operated directly. The
circuit for relay 2921 may be traced over con-
ductor 2938, right contacts of the Nos. 1, 3, 6 or
8, A-code key, conductor 534, right contact of
either class key 1477 or 2113, which indicate tan-
dem calls, conductor 3336 to ground at the lower
left contact of cam 3321. For direct call indica-
tor calls relays 3508 and 3509 are operated under
the control of keys 1574, 1475 and 1476 which in-
dicate such calls, and relay 2921 is operated over
conductor 2938, inner right front contact of relay
3005, which operates when the No. 1 ten thousands
key is operated, conductor 3033 to the inner left
front contact-of relay 3509 and its operating cir-
cuit, or over conductor 2638, outer -left contact
of the R stations-key 943-to conductor 3033.

Th response to the first impulse received from
the sender, which is a heavy negative impulse,
negatively polarized relay 4113 and marginal relay
4112 -operate. Relay 4112 closes a circuit from
ground over its contact, left back contact of re-
lay 4107, left back contact of relay 3512, right
back contact of relay 3509, left back contact of re-
lay 3504, to the left winding of relay 3402 and bat-
tery. Relay 3402 locks to ground supplied by re-
lay 4109. Relay 4113 closes a circuit from ground
inner right back contact of
relay 4107, conductor 4117, left normal contact
and winding of relay 3510, resistance 3511 to bat-
tery. Relay 3510 locks over its inner left front
contact to ground at the middle left contact of
relay 4109 and prepares an operating circuit for
relay 3512. However, relay 3512 is shunted by
the operating circuit of relay 3510 over its own
right back contact. When relay 4113 releases ab
the'end of the heavy negative impulse, relay 1512
operates. At the light negative Impulse follow-
ing, relay 4113 is operated alone, connécting
ground to conductor 4117, which now extends
over the right front contact of relay 3512, to re-
sistance 3511 in shunt of the winding of relay
3510 which now releases, opening the operating
circuit of relay 3512, but the circuit of relay 3512
is held closed over the normal contact of relay
3510 to grounded conductor 4117 until relay 4113
releases at the termination of the impulse. When

‘relay 3510 operates, a circuit is closed from

grounded conductor 3336, right front contact of
relay 3510, inrer right back contsdct of relay 3508,
right back contact of relay 3504 to the winding
of relay 3500 and battery. Relay 3500 closes a

“locking cireuit for itself through the winding of

relay 3504, left front contact of relay 3500, to
ground 'at the middle left contact of relay 4109,
but relay 3504 does not operate tintil relay 3510
reléases at the termination of the second‘impulse,
Relay 3500-transfers the recording circuit for the
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first impulse to the control of relay 3501 while
relay 3504 transfers the circuits for recording the
remaining three impulses to the control of relay
3505 so that the second digit may be recorded on
the register 3410. Relay 3504 cannot operate un-
til relay 3512 releases since a parallel circuit is
closed over the inner left front contact of relay
3512 holding relay 3504 shunted until the ter-
mination of the last negative impulse.

The registers of Figs. 34 and 40 and the trans-
fer relays of Figs. 35 and 41 operate in essentially
the same manner as the well known relay -call
indicator in receiving the designation from the
sender. Relay 4108, which operates whenever re-
lay 4004 operates, is used to simplify the circuit
connections necessitated by the thousands code.
Transfer relays 3501 and 3505 are operated dur-
ing the reception of the second digit, and relays
3502 and 3506 during the third code digit. Since
the number used for the test call was indicated to
be in an exchange in which numbers above 9599
were used, the first numerical digit was one, the
second zero and the third below five, and a fifth
digit was dialed as set forth above, the next digit
to be received will be the ten thousands digit in-
stead -of the stations digit which is usually re-
ceived-at that time. However, this will be record-
ed -on ‘the stations register 3430 and the re-
maining digits will be recorded on the registers
usually used for that purpose. Following the
registration -of the units digit, relays 4103 and
4107 are operated. Relay 4107 reverses the direc-
tion ‘of current flow through the windings of re-
lays 4111, 4112 ‘and 4113 whereby the negative
relay 4113 responds to the positive pulse trans-
mitted by the sender and relay 4112 is operated
because the pulse is a heavy-one. A circuit is
closed from -ground over the front contact of re-
lay 4112, left front contact of relay 4107, contact
of relay 4113, inner right front contact of relay
4107, right back contact of relay 2820, winding of
relay 2819 to battery. At the termination of the
pulse, relay 2820 operates in the locking- circuit
of relay 2819 which extends through the winding
of relay 2820 to grounded conductor 3336.

Relay 2820 prepares the circuits for testing the
fundamental circuit for false grounds or crosses.
It extends the fundamental tip conductor over
its right front contact to conductor 3841 and the
winding of relay 1800 and extends the fundamen-
tal ring conductor over its outer left front con-
tact to conductor 3842 and the winding of relay
1205. Battery is connected over cam 3709 to re-
lay %205 and through resistance 3107 to relay
1800 'and when sequence switch 3300 reaches po-
sition 17 ground is connected over the upper right
contact of cam 3323 to conductor 3113 completing
the potentiometer arrangement previously de-
scribed. If either relay 1800 or 1205 operates, it
operates relay 3003 which opens the circuit for
advancing sequence switch 3300 from position 17
and blocks the test.

‘As-soon as the last pulse ‘of a digit has heen
received which' is indicated by the operation of
the transfer relay of the next digit, a testing path
is closed for that digit. For example, when re-
lay -3501- operates, ‘a circuit is closed, assuming
that relay 3402 was -operated as previously  de-
scribed, - from battery through the winding of
relay 2712, conductor 2713, right back contact
of relay 2411, conductor 2434, upper contacts of
cam- 3311, left back contact of relay 3404, con-
ductor 3440, right contact of key 502; inner right
back' contact: of relay 507, the No. 2 :checking
conductor 4052, - right back - contact of - relay
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3401, left front contact of relay 38402, right
back contact of vrelay 3403, inner right
front contact of relay 3501, upper contacts of
cam 3314, resistance 3326 to ground. Relay 2712
operates in this circuit and closes a circuit from
battery through the winding of seguence swiich
magnet 2300, front contact of relay 2712, left
back contact of relay 2905, conductor 2931 to
ground at the right back contact of relay 2402.
As soon as sequence switch 3300 leaves position 9,
the circuit of relay 2712 is opened and that relay
releases bringing the sequence switch to rest in
position 10. When the second code digit has been
received and recorded on register 3410, that digit
is checked in position 10 of sequence switch 3308
and so on throughout the remaining digits. When
the units digit has been checked, sequence switch
3380 will have arrived in position 17.
Circuits are closed in the test circuit in parallel
it 2 checking paths for lamps 3520 to 3529
sas in case of a failure to check, a lamp is
ighted indicating the digit actually received from
the sender. Larnps 3520 to 3524 are connected
over back contacts of relays 3514 and 3515 to
thie checking conductors 4050 to 4054 respective-
while lamps 3525 to 3528 are connected over
roni contacts of relays 3514 and 3515 to the
me conductors. Relays 3514 and 3375 cperate
‘rom the fourth register relays such as relays 3404,
ch add 5 to the registration set up on the
other relays of the register. The checking con-
ductors receive ground over the upper contacts
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ci cam 2314 and the contacts of the register re-
lays. Therefore, a lamp will be lighted to indi-

cate the digit recszived, while relay 2712 can
cperate only if that digit is the correct one.

When sequence switch 6700 passes through po-
gitiong 183 to 20, after completing the transfer
of the designation, a circuit is closed from ground
over the left contact of relay 5922, back contact
of relay 6013, contacts of cam 6708, winding of
relay 5831 to battery. Relay 5331 locks over its
inner 2f% contact to grounded conductcr 5938
and further opens the fundamental circuit which
is openad by sequence switch 6700 in passing
through positions 19 and 20. When sequence
switch 6700 again reaches position 1, no circuit
is clesed for operating the magnet and the se-
quence switch comes to rest. Relay 5931 closes
a circuit from ground over its left front contact,
upper right contact of cam 6402, to the winding
of sequence switch magnet 8400 and battery, ad-
vancing the sequence switeh to position 17. In
position a circuit is clozed from battery
uzsh the winding of relay 5932, right con-
5 of cam 5512, lower contacts of cam 6412,
t contact of relay 5931 to grounded conductor
Relay 5932 closes a circuit from battery
hrough the winding of relay 5928, right front
contact of relay 5922, upper right contact of cam
§ to ground. Relay 5928 closes a circuit from
ground over the back contact of relay 5929 front
contact cf relay 5928, upper left contact of cam
6401, winding of sequence switch magnet 6400
and battery, advancing the seguence switch to
positicn 18, whare relay 5928 releases.

In this position the circuit for talking selec-
tion is sstablished as previously described. Re-
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lay 5917, winding of relay 5918 to batiery. It
therefore requires two pulses to satisfy the talk-

31

ing selection condition. This talking selection in
combination with the zone indication given by
relay 6205 would cause the district selector to
make proper charge. The operations of the
sender following talking selection are the same as
for the full selector call previously traced.

In advancing to the talking selection position,
the sender connects high resistance ground to
conductor 5445 as previously described permit-
ting the release of relay 2103 which closes a cir-
cuit from ground over its right back contact, con-
ductor 3114, through the winding of relay 613,
conductor 623 to battery over the upper right and
lower leit contacts of cam: 1614, Relay 613 closes
a circuit from ground over its cuter right contact,
conductor 624, upper contacts of cam 3718, con-
ductor 3834, contacts of cam 1321, conductor
1534, upper left contact of cam 3302, through the
winding of seguence switch magnet 3300 to bat~
tery, advancing the sequence switch to position
18. In position 18 a circuitl is closed from battery
through the winding of sequence switch magnet
200, lower left contact of cam 219, left back con-
tact of relay 317, conductor 331, left contacts of
cam 3313, lower right contact of cam 3321 to
ground, advancing seguence switch 200 to posi-
tion 15, Relay 304 is operated in position 15 of
sequence switch 200 over conductor 5443 from
ground at the outer right back contact of relay
5937 and advances sequence switch 200 to posi-
tion 16, in which position battery through resist-
ance 265 is connected over the lower contacts of
cam 205 to conductor 5445. Az in the case of a
full mechanical call, relays 309 and 318 and
2402 are connected in parallel with relay 3103,
relays 369 and 310 being shunted over the left
normal contact of relay 311. With seguence
switch 209 in position 18, ground is supplied to in~
terrupter 713 which causes the sequential opera-
tion of reiays 708 and 716 followed by relay 311,
which connects ground cver its innsr left front
contact directly to the windings of relays 310 and
309 in shunt of the battery through resistance
245, thereby releasing relay 6605, which results as
previously described in the connection of hattery
to conductor 5445. Relay 310 operates in this cir-
cuit from battery indicating that the sender re-
lays have released promptly. The operation of
relay 316 in turn opsrates relay 305 which ad-
vances
Bhould the relay 6006 fail to releass or any of the
relays controlled thereby, when the release of
relay 709 cccurs on the second closure of the
interrupter 713, relay 715 operates and opens the

sequence switeh 200 to position 17. :
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path for operating relay 305 thus blocking the s

test.

The release of relay 6005 in the sender causes
the esvablisbment of the fundamental circuit for
talking selection which is checked in the same
manner as digtrict selection with
switch 3300 in position 18. The rsiease of relay
3004 and the operation of relay 3809 at the com-
wnletion of the check, connecits ground from con-
ductor 3613 over the front contact of relay 3509,

sequence

conductor 2427 t6 the right front contact of re- i4¢

Iay 2827. Relay 2827 is operated in a circuit from
battery through its winding, conductor 2831,
right front contact of relay 311, conductor 3832,
right contacts of cam 33086, over the fundamental

ring conductor as previously traced, left back i

contact of relay 5934 which is released by the re-
lease of relay 6008, left contacts of cam 6423, left,
contacts of cam 6418, right back contact of relay
5535 to ground ai the left front contact of relay
5929, when relay 5829 operates at the comple-
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tion of talking selection. Relay 2827 locks over
its left front contact, conductor 2832, left con-
tacts of cam 3308, conductor 2026, to ground at
the left back contact of relay 2903 which released
when seguence switch 3300 left position 9. With
relay 2827 operated, the ground connected o its
left front contact by relay 3609 is extended to the
winding of relay 2822 which operates in turn.
Relay 2832 extinguishes the talking selection
lamp 2802 and closes a cireuit from ground over
the lower right contact of cam 3323, front contact
of relay 2822, conductor 2833, outer left normal
contact of key 701, to the armature of relay 309.
When the sender relay 5937 has operated, it dis-
connects ground from conductor 5443 releasing
relay 304 and connects kattery through 270 ohm
resistance 6002 to conductor 5445 in parallel with
the winding of relay 6005. Relay 209 operates in
series with this low resistance and extends the
ground connected to its contact, over its front
contact, left back contact of relay 304, upper left
contact of cam 218, to the winding of sequence
switch magnet 200 and hbattery advancing se-
quence switch 200 to position 18. The advance of
the sequence switch 200 to position 18 closes &
circuit from batiery, winding of magnet 3300, up-
per right contact of cam 3301, conductor 3844,
lower left operated contact of key 2200, conductor
2216, right contacts of cam 1301, conductor
1335, upper right contact of cam 214 to ground,
advancing sequence switch 3300 to position 1.
The test circuit is advanced to the test of the
next sender as previcusly described for the full
mechanical call.

In testing the sender for its abilty to wait for a
proper length of time for a fifth numerical digit,
it must be remembered that four classes of office
exist as enumerated above. Whenever stations
are to be expected, the sender should supply the
delay and key 2818 must be operated if the code
indicating such an office is used as the test code.
Similarly, the key must be cperated if the code
indicates an office with numbars above 9999 and
the digits one and zero are used for the first two
Where
neither stations digits nor numbers above 9999
are employed, the sender will not measure a délay
and key 2218 must not be operated. With key
2818 not operated and no delay in the sender, the
establishment of the trunk test circuit by the
sender should cause relay 2903 to operate before
relay 2509, closing a circuit for operating relay
9517 which may be traced from battery over the
left contacts of cam 33190, conductor 2935, wind-
ing of relay 2917, left normal contact of key
92817, right front contact of relay 2803, left back
contact of relay 2909, left normal contact of key
2818, conductor 2834, to ground at the inner left
back contact of relay 317. Otherwise, the circuit
functions as previously described. If the estab-
lishment of the trunk test civcuit is delayed so
that relay 2505 operates before relay 2903, the
advance of the test is blocked by the opening of
the circuit of relay 2917.

Key 2817 is used to test the ability of the
sender to respond to a very short closure of the
trunk circuit pricr to operation of the assign-
ment key at the call indicator operator’s position.
This test may be made under one of the following
three conditions: When a stations digit is dialed;
when the sender waits for a stations digit but it
is not dialed; and when the stations digit is
qeither dialed nor does the sender let for it.
If a stations digit is dialed, the test is made as
follows, remembering that key 2818 is always op-
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erated when a stations or fifth digit is to be ex-
pected. Under these circumstances, when relay
2009 operates as previously described for stations
delay test; a circuit is closed from battery through
the winding of relay 2900, left cperated contact
of key 2817, right back contact of relay 2903,
inner right 11ont contact of relay 29809, left op-
erated contact of key 2818, conductor 2834, to
ground at the inner left back contact of relay
317. Relay 2990, in turn, closes an obvious cir-
cuit for relay 2801 which, in turn, closes a circuit
from battery through the winding of relay 2904,
inner right front contact of relay 2901, to
grounded conductor 2837. Relay 2964 locks to
this same ground independent of relay 2901. The
operation of relay 2904 opens the fundamental
circuit at its left contact holding it open to pre-
vent the establishment of the trunk test circuit
until the test circuit is alsc ready. Relay 2804,
in operating, closes a circuit from battery through
the winding of sequence switch magnet 3300,
lower left contact of cam 3302, conductor 3828,
outer lef{ back contact of relay 2411, conductor
2436, left back countact of relay 3102, conductor
3109, right front contact of relay 2904, lower left
contact of cam 3323 to ground, advancing se-
guence switch 3300 to position 7. The advance of
sequence switch 3300 to position 7 releases relays
3900, 3501, 3916, 3911 and 2932. Sequénce switch
3300 is advanced from position 7 in a circuit over
the upper left contact of cam 3302, conductor
3835, to ground at the upper right contact of
cam 1324.

With sequence switch 3300 in position 8, a cir-

cuit is closed from battery through the winding of -

relay 2902, lower right contact of cam 3319, to
ground. A circuit is also closed from batiery
through the winding of the No. 9 counting relay
3909, back contact of relay 3919, right back con-

tact of relay 3946, conductor 2936, outer right

front contact of relay 2901, conductor 2922, left
back contact of relay 2418, interrupter 2419, con-
ductor 2424, left back confact of relay 2908, con-
duector 2923, right back contact of relay 2418,

conductor 2425, inner left back contact of relay

3942, right back contact of relay 3940, conductor
3952, left back contact of reiay 23020, conductor
5024, right back contact of relay 3943, conduc-
tor 3955, inner left front contact of relay 2904,

left contact of relay 2801, inner right front con-

tact of relay 2902, conductor 2928, to greund at
the upper left contact of cam 212. The count-
ing relays therefore operate under the control
of interrupter 2419 to measure off a time interval.
When the No. 0 counting relays and relay 3932
operate, ground is connected over the upper right
contact of cam 3321, right normal contact of key
3204, conductor 3953, outer left back contact of
relay 3942, front contact of relay 3932, left back
contact of relay 3446, conductor 2924, left front
contact of relay 2902, left front contact of relay
2900, lower left contact of cam 3301, to the wind-
ing of sequence switch magnet 3300 and battery
advancmg sequence switch 3300 to position 9.
In position 9, ground is connected over the lower
right contact of cam 3320 to interrupter 2513
which, at its first closure, operates relay 2906
and at its first opening permits the operation of
relay 2912 in the locking circuit of relay 2906;

at its second closure, operates relay 2915, and at-

its second opening permits the operation of relay
2014 in the locking circuit of relay 2915. Relay
2914 connects ground to the fundamental ring
conductor through resistance 2824 to make an
operate test of the trunk guard relay 6008 in the
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sender. At the next interrupter closure two-
tenths of a second later, relay 2829 is operated
as previously described, which opens the trunk
test circuit and simulates the operation of the
assignment key, If the sender trurk guard re-
lay has functioned properly within the time
allowed, the cable discharge closure and the call
indicator pulses will be checked.

When the sender waits for a stations digit
which is not dialed, a delay will be introduced o
insure that the sender is ready for assignment
before the test circuit simulates that action.
This delay is introduced in position 8 of sequence
switch 3308 by transferring from interrupter 2419
to interrupter 2907. This is brought about by the
operation of relay 2908 which is operated from the
No. 0 stations key. When this operate test of
the trunk guard relay is made in connection with
a test call which does not have a stations delay,
relay 2910 is operated over the right normal con-
tact of key 2818 and the right operated contact
of key 2817, lower contacts of cam 3309, from
ground at the No. 0 stations key. This relay pro-

05" vides a substitute circuit for operating relay 2900

and prevents the application of the test resistance
current to the trunk guard relay 6009 until se-
quence switch 3300 reaches position 9 in which
position relay 2910 is released and a momentary

30" operating circuit is furnished for relay 6009.

The check of stations delay is ineffective in this
case. Relay 2917 which controls the test of the
ability of the sender to hold over a short inter-
ruption of the trunk test circuit operates under

- the control of relay 2909 if key 2818 is operated

and under the control of relay 2503 if the key
is normal. If relay 2910 is operated, relay 2917
operates immediately thereafter.

T it is desired to determine whether the im-

... pulsing sequence switch of the sender is connect-
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ing the discharge ground to the fundamental cir-
cuit at the beginning of cpen pulses, as should be
the case, key 2124 is operated connecting con~
denser 2125 between the compensating resistance

~and the pulsing relays at the contact of relay 2921

so that if the grounding closure does not follow
a pulse, the condenser which has been charged
by this pulse, discharges through the pulsing re-
lays which operate and register a wrong num-
ber, thus klocking the test.

Call indicator call—Direct

The operation for testing the sender with a
direct call indicator test call is very similar to the

55 -test with a tandem call indicator test call except

that key 1574 is used in place of key 2113, the
class switch 3700 being in position 13 in both in-
stances. Relays 3508 and 3509 are operated in a
cireuit over conductor 3530, right contact of key

. 1574, conductor 3338, to ground at the lower left
“contact of cam 3321 as soon as segquence switch

3300 reaches position § after checking the district
and office selections, When sequence switch
3300 reaches position ¢ in readiness to check the
first code digit, relay 3509 closes a circuit from
battery through the winding of relay 2916, inner
right, front contact of relay 3509 to ground at the
lower right contact of cam 3320. Relay 2916
closes a circuit from battery through the winding
of sequence switch magnet 3300, lower right con-
tact of cam 3301, inner left front contact of relay
2829, to ground at the inner left front contact of
relay 2915 advancing sequence switch 3300 from
position 9 to position 12 passing through the posi-
tions in which the code digits are checked on a
tandem call. Relays 3508 and 3509 also transfer

33

the registering circuits controlled by relays 4111
and 4112 from the A transfer relays to the sta-
tions transfer relays so that the designation is
recorded properly on the numerical registers.

Call indicator call—Abandoned—No distant office
selector

The early release of call indicator calls involv=-
ing a distant office selector differs from that of a
call established directly, in that a heavy positive
pulse is necessary for restoring the distant office
selector to normal. Therefore, tests must be pro-
vided for testing the reaction of the sender to a
release condition under both circumstances.
With key 1475 operated, sequence switch 3700 is
advanced to position 14 where the sender is tested
for its ability to react to a release condition with
no district office selector. For this type of call,
the test number is set up and dialed in the manner
previously described. The district and office se-
lections are checked by sequence switch 3300.
Ground for dialing the code digits and the thou-
sands, hundreds and tens digits is supplied over
the upper right contact of cam 3722, inner right
back contact of relay 3005, conductor 256, and the
lower left contact of cam 203, while ground for
the units digit is supplied from ground at the
tipper right contact of cam 3319, conductor 3750,
lower right and upper left contacts of cam 3702,
conductor 253, and the lower right contact of cam
216, while the zero stations digit is used and
ground for this purpose is obtained over the oper~
ated ccentfact of key 940, conductor 245, and the
lower right contact of cam 202, from the same
ground as used for the units digit. If a key other
than the zero stations key is operated, ground for
the stations digit waits for the operation of relay
2909 as previously described, ground being sup-
plied over the lower left contact of cam 3719, con-
ductor 2927, middle right contact of relay 2909 to
conductor 245 for the stations digit. Sequence
switch 200, being advanced to position 14 over
the back contact of relay 708, the dialing circuit
is opened at the contacts of cam 204, but is held
closed over the right contacts of cam 3307 until
sequence switch 3300 leaves position 6.

PFollowing the check of district and office selec-
tions, the trunk test circuit is established in the
sender as previously described and also in the
test circuit advancing sequence switch 3300 from
position 6 and opening the dialing loop permitting
relay 5424 to release. The operating circuit for
relay 2829 is opened with sequence switch 3700 in
position 14 and therefore no assignment can take
place. In the sender, the release of relay 5424
causes the release of relays 5416, 5415, 5414 and
5413 as previously described. Relays 6009, 6008
and 6007 and 5923 are held operated. Segquence
switch 3300 is advanced from position 6 to posi-
tion 9 as previously described, after testing the
ability of the sender to wait for a stations digib
and the trunk test relays to hold over a slight
interruption of the circuit. Relay 5936 is oper-
ated over the back contact of relay 5414 and locks
to conductor 5938, in turn operating relay 5837
which disconnects ground from the dialing tip
conductor. . :

Sequence switch 6400 is advanced to position
15 in the usual manner. As soon as seguence
switch 6460 reaches position 9, a circuit is closed
from battery through the winding of relay 5931,
back contact of relay 5415, right back contact of
relay 6022 which is not operated on direct calls,
upper right and lower left confacts of cam 6406,
to ground at the left front contact of relay 6007.
Relay 5931 locks over its inner right contact to
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conductor 5938 and advances sequence switch
6400 to position 17 where relay 5932 is also oper-
ated. Relay 5932 causes the advance of sequence
switch 6400 to position 18. Relay 5936 connects
ground to the middle winding of relay 6006 there-
by connecting low resistance ground to the circuit
of relay 2402 which operates. The operation of
relay 5932 opens the shunt around the high resist-
ance winding of relay 6006 and closes a high re-
sistance in series with relay 2402 and relay 3103
so that relay 3103 releases, relay 2402 remaining
locked. The release of relay 3103 causes the ad-
vance of seguence switch 3300 to position 18 under
the control of relays 3601 to 3604 and 3619 which
time the release of the sender. The further re-
lease of the test circuit and sender are the same as
described for ordinary call indicator calls.

Call indicator call—Abandoned—Through distont
office selector

. In position 15 of the class sequence switch 3700
the sender is tested for its ability to handle a call
through a distant ofiice selector when it is re-
leased prematurely. Key 1476 is used for ad-
vancing the sequence switch to this position.
The call is set up and dialed the same as for a
direct call indicator call and release is simulated
by the opening of the dialing circuit when se-
quence switch 3309 leaves position 6 in the man-
ner described for the previous test. Sequence
switch 3300 under these-conditions is advanced
from position 6 by means of a circuit which may
be traced from ground over the upper left contact
of cam 3319, conductor 625, lower right and upper
left contacts of cam 3715, conductor 2835, outer
right front contact of relay 2826 which is oper-
ated in the manner previously described, conduc-
tor 3828, lower left contact of cam 3302 to the
winding of sequence switch magnet 3300 and
battery.

Relays 5936 and 5937 are operated in response
to the release signal as previously described, re-
lay 5936 shunting the high resistance winding of
relay 6006 in order to connect low resistance

ground to the circuit of relay 2402 which operates

in turn operating relay 2411. Sequence switch
3300 is advanced out of position 7 over the con-
tacts of cam 1324. With sequence switch 3300
in position 8, the same operations take place as
described in connection with the previous call.
While in the previous case this tests the ability
of the sender to hold over a short interruption of
the fundamental circuit, in the present case it
tests whether the sender waits as it should for
an assignment. Where a distant office selector
is included in the outgoing trunk, it is necessary
to transmit a heavy positive pulse through that
Therefore, assign-
ment must either take place or the sender be re-
leased manually. After the interval measured
by the operation of the counting relays, relay 2829
is operated to indicate an assignment.,

In the sender, the time measurs switch 5500 is
advanced to position 8 by the reception of sta-
tions digit, and is advanced immediately to posi-
tion 11. With switch 5500 in position 11 and re-
lay 5022 operated to indicate that a two-wire
office selector is included in the connection, a
period of seventy seconds is measured off. Re-
lays 5531 and 5533 are operated as previously de~
scribed. When relay 5531 is released after the
second closure of interrupter 5521, relay 5525
is operated and when relay 5531 operates at the
third closure of interrupter 5521, relay 5528 is
operated followed by relay 5527 when the in-
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terrupter opens. Relay 5527 advances sequence
switch 5500 to position 12 where relays 5525, 5527
and 5528 release, but relays 5531 and 5533 do not.
In position 12 if neither relay 6022 nor relay 5923
has been operated, a circuit will be closed for re-
lay 5527 advancing sequence switch 5500 to posi-
tion 13. If either of these relays is operated, as
is the present case, relays 5531 and 5533 are re-
leased at the fourth closure and opening of in-
terrupter and are reoperated at the fifth closure
and opening of the interrupter. When relay
5531 operates relay 5525 again operates. When
both relays 5531 and 5533 have released, relay
5528 is operated and when relay 5531 reoperates,
relay 5527 operates to advance sequence switch
5500 to position 13.

If assignment has not taken place by this time,
relay 5529 operates over the . right contacts of
cam 5513 to the back contact of relay 5527. It
performs the same function as described in posi-
tion 5 except that since relay 5531 is already op-
erated, the interval before operating relay 5525
and therefore, relays 5527 and 5528 is slightly
shorter. The operation of relay 5527 advances
sequence switch 5500 to position 14. Relay 5529
is locked through positions 13 to 16 advancing se-
quence switeh 5500 to position 16. When se-
quence switch 5500 passes through positions 1434
to 15%, the stuck sender recorder functions over
conductor 5542 and in positions 14 to 15%, ground
is connected to the left winding of relay 6006.

However, the operation of relay 2829, simulat-
ing assignment becomes effective before the stuck
sender indications have been given. Since relay
5937 is operated, battery is disconnected from
resistance 6531 and no positive pulses can he
transmitted. Since relay 5936 is operated, bat-
tery through low resistance 6427 is disconnected
at the back contact of relay 5936 so that no heavy
pulses can be generated. Therefore, the sender
transmits only a group of light negative pulses
which are the equivalent of zeros. Since relay
2411 is operated, the circuit of relay 2712 which
tests the digits as received and advances se-
quence switch 3300, is extended over the front
contact of relay 2411 to the zero conductor 4050
which extends over the back contacts of the in-
coming register relays to ground over the con-
tacts of cams 3314 and 3315 whenever the circuit
is properly closed. Talking selection is omitted
and ground is connected over the left contacts of
cam 3720 to the armature of relay 309 as de-
scribed for the call completed in position 8 of
sequence switch 3700, otherwise the restoration of
the sender is checked in the usual manner.

Call indicator call—To operator through tandem
ofiice

Certain operators’ positions may be reached
through a tandera office. If such calls are pos-
sible in the office in which the test circuit is es-
tablished, the senders may be tested for that type
of call by setting up the appropriate code on
the code registers which would consist of some
numerical digit and the two digits 1—1. The
No. 0 numerical keys will be operated in each
case while the selection checking keys will, of
course, be operated as necessary to correspond
to the routing employed in reaching the tandem
office through which such calls would be com-
pleted. Class key 1477 is used for this type of
call and advances sequence switch 3700 to posi-
tion 16. Ground for transmitting the digits is
supplied over the upper left contact of cam 3722,
conductor 259 and the upper left contact of cam
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206 so that after the code digits have been trans-
mitted, relay 316 is locked up and advances se-
quence switch 200 to position 14 directly. COther-
wise, the call is checked exactly as the tandem
call indicator call.

TESTS OF OPERATCRS’ SENDERS

After the full mechanical senders have heen
tested, the master selectors and sender selector
are advanced to connection with the first of the
A operators’ senders. This sender is arranged
to work with trunks of different characters so
that connections may be established to any de-
sired location. For example, certain of the

trunks served by the sender terminate in
district selectors; others in incoming se-
lectors; still others in office selectors at

distant offices; and still others in district se-
lectors of full mechanical tandem offices. Any
one of these trunk circuits when taken for use
becomes automatically associated with the
sender. In the completion of a toll connection,
for example, no district selector or office selector
is necessary and a trunk terminating in an in-
coming selector would be used and only the nu-
merical designation of the wanted line would be
recorded on the sender. Since, in this case, no
office code digits are recorded in the sender, no
translation is required and therefore it does not
become necessary to associate the decoder with
a sender. In order that the sender may operate
correctly under these circumstances, a discrimi-
nating signal is transmitted to the sender when
it is seized from the trunk, which signal pre-

. vents the attachment of a decoder and also modi-

fies the sender circuif so that the numerical digits
will be recorded directly on the numerical regis-
ters, and that the district and office selection
control exercised by the sender is omitted. Sim-
ilarly, if the sender is to be used in connect.on
with a trunk extending to a full mechanical tan-
dem district selecter, a different discriminating
signal must be transmitied since in this case
neither is the translation necessary nor are the

district and office selections necessary since the.

number will be transmitted to the distant sender
exactly as recorded by means of the call indica-
tor impulser. If the sender is to control a call
extending over a distant office selector, the use
of the decoder is necessary and an office code will
be registered, but no district selections are made
and the circuits of the sender must be modified
correspondingly. The fcurth class of trunks
with which the senders are used are those termi-
nating in local district selectors in which case
no discriminating signal is sent to the sender
and it operates in the normal manner. An addi-
tional feature of the sender is that if the oper-
ator sends more or less digits than the class of

~trunk indicates should be received, a reorder sig-

nal is transmiited to cause her to establish the
connection again.

In general, the sender functions in a manner
similar to the subscribers’ senders just described
except that the designations are recorded by
means of light and heavy negative and positive
pulses over two wires from an operator’s key set
instead of by means of decimal digits. Itis, there-
fore, to be expected that operation of the test

“circuit in testing these senders differs chiefly in

the manuner in which the designation is trans-
mitted to the sender. In testing the A opera-
tor’s senders, sequence switch 1300 is used for con-
trolling the transmission of the designations and
for certain other functions, instead of sequence

35

switch 200, while sequence switches 3800 and 3300
are employed for checking full mechanical -or
call indieator calls in a manner very similar to
that used for the full mechanical sender. Key
1206 must be operated to transfer certain of the
circuits from the full mechanical testing equip-
ment to the key pulsing testing equipment. The
link class keys 2317, 2305 and 2304 are used for
transmitting the discriminating signals to the
sender in this case as well as in the full me-
chanical case, although in the case of a full me-
chanical sender, these keys indicate the class
of subscriber assumed to be making a call, while
in the present case they indicate the type of trunk
over which the call is to be extended. If no code
is to be registered, as indicated by the link class
key, no code keys or any code keys that may hap-
pen to be operated are used, since they will not
be employed in the establishment of the connec-
tion. If district selections are to be checked, the
proper district brush and group keys must be
pressed, otherwise the no district key 1405 must
be operated. If office selections are to be checked,
the proper office brush and group keys must be
depressed, otherwise skip office key 1425 must be
operated. A key should be operated in each nu-
merical row including the stations keys. A prop-
er compensating resistance should also be set up.
Since no talking selection is made in connection
with the key pulsing senders, the zero talking
selection key 1550 must also be operated. The
thousands and hundreds sequence switches 1000
and 1100 are advanced to positions corresponding
to the thousands and hundreds keys in the man-
nher previously described.

It will be remembered that the normal check-
ing path extends from ground over the left back
contact of relay 2204, outer lower right operated
contact of key 2200, conductor 2211, Ieft contacts
of cam 3307 in position 1, lower left and upper
right contacts of cam 3817 in position 1, conduc-
tor 3825, back contact of relay 3611 which is op-
erated whenever sequence switch 3700 is being
advanced, conductor 3632, operated thousands
key and corresponding contact of cam 1111, 1112,
or 1113, operated hundreds key and contact of
cam 1003, 1002 or 1001 to conductor 1021, lower

contacts of cam 208 in position 1, normal con-

tect of brush 601, conductor 626 to the inner upper
contact of key 1206. Since key 1206 is now op-
erated, the normal checking path extends over
the upper left contact of cam 1318, to the wind-
ing of sequence switch magnet 1300 and battery,
advancing the key pulsing sequence switch to po-
sition 2. With sequence switch 1300 in position
2, the circuit extends from ground as traced to
conductor 626, over the contacts of cam 1312, in~
dependent of key 1206, conductor 1210, upper
left contact of cam 1604 to the winding of sequence
switch magnet 1600 and battery, advancing that
sequence switch to position 2.

Assuming that switch 1730 is at present engag-
ing the first of the operators’ senders, this sender
is now tested for busy or idle condition. A busy

operator’s sender is indicated by the absence of

either ground or battery connected to conductor
1766, whereas an idle sender is characterized by
hattery connected to that conductor. Assuming
then, that the first key pulsing sender is idle, a
circuit will be closed from battery through re-
sistance 4802, left back contact of relay 4801, in-
ner right back contact of relay 4800, conductor
1756, brush 1736, master selector brush 1715, con-
ductor 1756, contacts of cam 1611, conductor 1628,
lower right operated contact of key 1206, con-
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ductor 1215, to the right winding of relay 2329.
The advance of sequence switch 1300 to position 2
closes a circuit from ground over the upper left
contact of cam 1316 through the winding of relay
2328 to hattery, so that the test circuit therefore
extends through the right winding of relay 2329,
over the contacts of relay 2328, middle winding of
relay 2329, right contact of cam 1610 to ground.
Relay 2328 also closes a circuit from battery
through the left winding of relay 2329, and its
outer right contact to ground through the middle
winding of relay 2329, making that relay quick
to operate, but also preventing its operation in
parallel with any link test relay. Relay 2329
closes a circuit from ground at its right contact
through its right winding, to batiery in the sender
circuit, thereby holding operated as long as the
sender maintains battery on conductor 1766. It
also closes a circuit from ground over the upper
left contact of cam 1808, left front contact of
relay 2329, to the winding of relay 2201. Relay
2201 advances sequence switch 1600 to position 3.
With sequence switch 1680 in position 3, relay
2201 supplies ground over the left contacts of
cam 1601, outer right back contact of relay 2202,
for operating relays 2205 and 2301, which lock
over the lower left and upper right contacts of
cam 16901, inner right front contact of relay 2245,
right normal contact of key 2210, conductor 2213,
contacts of cam 1322, conductor 1330, to ground
over the lower right contact of cam 214. As be-
fore, relays 2301 and 2205 connect the remaining
conductors from the sender to the test equipment.

FuLL MECHANICAL CALL—TRUNK 7TO INCOMING
SELECTOR

With relay 2301 oberated, a circuit is closed
from ground through the windings of relay 4300,
conductor 1761, brush 1735, brush 1705, conductor
1755, inner right front contact of relay 2301, up-
per -contacts of cam 1620, conductor 1331, re-
sistances 1326 and 1325, lower left contact of cam
1303 to battery. Relay 4300 should operate -in
this circuit and close a circuit from ground at its
front contact, over conductor 4301, through the
winding of relay 4500 and battery, which in turn
causes the operation of relay 5102, over conductor
4501, and connects battery to the off-normal bat-
tery conductor 4502. Relay 5102 upon operating
connects ground at its outer right frent contact
to off-normal ground conductor 5103, thereby
causing the operation of relay 4801, which in
turn removes battery through resistance 4802
from conductor 1766 to mark the sender as busy.
At its next to outer right front contact, relay
5102 closes an obvicus circuit for relay 5100
which locks to ground on conductor 5103. With
ground on conductor 5103, the operating circuit
of relay 4900 extends over conductor 4801, inner
left back contact of relay 4701 to conductor 5103
and the operating circuit of relay 5104 extends
over the hack contact of relay 5105 to conductor
5103, relays 4900 and 5104 both operating. A cir-
cuit is also closed from ground on conductor 5103,
left contacts of cam 5002, conductor 5003, left
back contact of relay 51686, conductor 5107 to bat-
tery through the left winding of relay 5200. The
operation of relay 5200 at this time prevents the
sender control switch 5000 from moving off-nor-
mal if the call is abandoned bhefore selections are
started.

When relay 4801 disconnects battery from con-
ductor 1766, relay 2329 releases, in turn releasing
relay 2201, thereby removing ground from con-
ductor 1766, contrary to the practice with sub-
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scribers’ senders where a busy condition of 440
ohms to ground is maintained on this conductor.
This difference is caused by the fact that the
key pulsing senders receive a release signal of
ground over conductor 1766. The further ad-
vance of the connector sequence switch 1600 to
position 5 is the same as for the subscriber’s
sender.

‘When sequence switch 1390 moved to position
2, it transferred some of the leads not previously
changed by key 1206. Relays 505, 506 and 518 are
operated from the contacts of cams 1324 and
1323 with sequence switch 1300 in positions 2 to
6, inclusive, relay 505 operating relays 507 and
515, relay 506 operating relays 516 and 508 and
relay 518 operating relay 517. These relays, when
operated, extend the key pulsing leads to the code
and numerical keys and open the circuits previ-
ously traced for the subscribers’ senders.

When sequence switch 1600 reaches position 5,
the circuit of relay 4300 is extended over the lower
left contact of cam 1620, conductor 1632, outer
upper right operated contact of key 1206, through
the winding of relay 1200 to battery and over the
upper contacts of cam 1311 to the right winding
of relay 1201 and battery. Relays 1200 and 1201
correspond respectively to relays 3103 and 2492
as used for the subscribers’ senders. Relay 1201,
which is marginal, cannot operate but relay 1200
does operate in series with relay 4300, closing a
circuit from battery through the winding of re-
lay 3103, conductor 239, left contacts of cam 205,
conductor 330, left contacts of cam 1308 to ground
at the inner right front contact of relay 1200.
Relay 1200 also closes a circuit from ground at the
right back contact of relay 2329, left front con-
tact of relay 1200, upper right contact of cam
1318 to the winding of sequence switch magnet
1300 and battery, so that the advance of se-
quence switch 1300 from position 2 to 3 is effected 115
jointly by the operation of relay 1200 over the
circuit of relay 4300 and the release of relay 2329
by the removal of battery from the test conductor.

Vhile sequence switch 1200 is moving to po-
sition 3, ground is closed over the upper left and 120
lower right contacts of cam 1309, resistance 1209,
lower left operated contact of key 1206, conduc-
tor 1212, to the right contacts of keys 2304 and
2305 preparatcry to connecting ground to the
fundamental ring conductor if the correspond-
ing key is operated. At the same time ground is
connected over the upper left contacts of cams
1309 and 1310, outer upper leit operated con-
tact of key 1206, resistance 1207, conductor 270,
to the inner right contact of key 2304 and the
right contact of key 2317 preparatory to connect-
ing ground to the fundamental tip conductor,
depending on which of the keys is operated. As-
suming that the first test call is to be one simu-
lating the use of a trunk extending to an incom-
ing selector, key 2317 will be operated and ground
will be connected as traced over the right con-
tact of key 2317, the middle left contact of relay
2301, conductor 1753, brush 1791, brush 1732,
conductor 1764, inner back contact of relay 5100,
conductor 5101 to battery through the left wind-
ing of trunk class registering relay 4700. Relay
4700 operates and locks over its right winding
and right front contact to ground on conductor
5103 before relay 5160 operates as previously de-
scribed to open its initial operating circuit. Re-
lay 4700, upon operating, closes an operating cir-
cuit over its outer left front contact for relay
4702 which in turn operates and closes the cir-
cuit of relay 4703 over its right front contact. 50
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Relay 4703  establishes a circuit for relay 5301
extending from battery through the right wind-
ing of relay 5301, conductor 5302 to ground at
the outer right front contact of relay 4703. Re-
lay 5301 locks over its left winding and inner
left front contact to ground on conductor 5103
and closes a circuit for relay 5106, extending
over conductor 5108, the inner left front contact
of relay 5301 to grounded conductor 5163. Relay
5106, upon operating, releases relay 5200. Relay
4703 also closes a circuit extending from ground
over the lower contacts of cam 5004, conductor
5005, inner left contact of relay 4703, conductor
4704, right winding of relay 5300 to battery. Re-
lay 5300, upon operating, locks over its left wind-
ing and inner left front contact, conductor 53903,
left contacts of cam 5006, conductor 5607 tu
ground at the right front contact of relay 5106.
A circuit is also established from battery through
the left winding of relay 4302, conductor 4303,
outer left front contact of relay 4703, to grounded
conductor 5005, relay 4302 locking over its right
winding and inner left front contact, conductor
4304, lower right and upper left contacts of cam
5006, cocnductor 5007 to ground at the right front
contact of relay 5106. The operation of relays
4302, 5106 and 5300 at this time indicates that
district and office selections are to be skipped
and that the association of a deccder will not
be required.

With relays 4700 and 4801 operated, a circuit
is established from battery, windings of transfer
relays 4400 and 4401 in series, back contact of
transfer relay 4402, conductor 4403, left back con-
tact of relay 4705, inner left front contact of
relay 4700, conductor 4706, inner right back con-
tact of relay 4305, conductor 4306, inner left con-
tact of relay 4801 to ground. Relays 4400 and 4401
lock in series over the back contact of relay

- 4402, outer right front contact of relay 4400, con-

ductor 4306 to ground at the inner left front
contact of relay 4801. The operation of relays
4400 and 4401 at this time indicates that the first
digit received from the operator’s key set, or,

- in this case, from the test circuit, will be regis-

tered on the relays of the thousands register,
since only four digits will be transmitted. With
relay 4400 operated, a circuit is established for
relay 4309 extending from battery through the
winding of relay 4308, conductor 4310, inner right
front contact of relay 4400, conductor 4306 to
ground at the inner left front contact of relay
4801. Relay 4309 locks directly to ground on
conductor 4306 over its inner left front contact
and closes, over its cuter left front contact, an
At its right front
contact, relay 4365 opens the initial operating
circuit of relays 4400 and 4461, When relay 5100
operated as previously described, the fundamen-

> tal tip conductor 4119 and the fundamental ring

conductor 4133 were disconnected from the
windings of the trunk class register relays 4700
and 4705 and these conductors are thereby made
free for controlling fundamental selections.
When relay -5106 operated, as previously de-

scribed, it opened the circuit for relay 5200 which .

released and with relays 4702 and 4302 operated,
a circuit is closed from battery on conductor
4502, winding of counting relay 4200, windings
of counting relays 4201 and 4202 in parallel, con-
ductor 4203, inner left front contact of relay
4702, conductor 4707, right front contact of relay
4302, conductor 4307, left back contact of relay
5200, conductor 5201, left front contact of relay

5. 5106, conductor 5003, left contacts of cam 5002 to
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ground on conductor 5103. Relays 4200, 4201
and 4202 operate, relay 4202 closing a circuit
from ground over its contact, conductor 4204,
outer left back contact of relay 5202, conductor
5203, upper contacts of cam 5008, winding of
magnet 5000 for advancing control switch 5000
into position 3. Upon reaching position 3, with
the skip office relay 5300 cperated, relays 4200,
4201 and 4202 lock over the front contact of relay
4200, conductor 42905, right contacts of cam 5009,
conductor 5016, the outer left front contact of
relay 5300, conductor 5303 and the left contacts
of cam 5006, conductor 5007 to ground at the
right front contact of relay 5106. Relays 4200,
4201 and 4202 remain operated until switch 5000
leaves position 6. Relay 4201 at ifs contact holds
the fundamental control circuit opened and when
switch 5000 reaches position 3 with relay 4202
operated, a circuit is established from battery,
winding of magnet 5000, contact of cam 5001,
upper right contact of cam 5011, conductor 5012,
outer leit front contact of relay 4302, conductor
4308, lower left and upper right contacts of cam
5008, conductor 5203, left back contact of relay
5202, conductor 4204, to ground at the confact
of relay 4202, A circuit is also established at this
time for relay 5111 from battery, left winding of
relay 5111, conductor 4308 and thence to ground
at the contact of relay 4202 as just traced. Re-
lay 5111 operates and locks over its right wind-
ing and right contact, inner left back contact of
relay 5112, conductor 5303, left contacts of cam
5006, conductor 5007 to ground at the right con-=
tact of relay 51086, relay 5111 remaining operated
until control switch 5000 reaches position 7.
Switch 5000 advances into position 4, releasing
relay 4302 as it leaves position 3 and is advanced
from position 4 into position 6 over a circuit ex-
tending from battery, winding of magnet 5000,
conductor 5013, inner right front contact of relay
5300, conductor 5304, upper contacts of cam 5002
to ground on conductor 5103. TUpon reaching
position 6, with relay 5300 operated, relay 4302
released and relay 4202 operated, a circuit is
established from ground over the contact of
relay 4202, conductor 4204, left back contact of
relay 5202, conductor 5203, upper right and
lower left contacts of cam 5008, conductor 4308,
left back contact of relay 4302, conductor 5014,
outer right front contact of relay 5309, conduc~

tors 5015 and 5012, upper right contact of cam-

5011, contacts of cam 5001 to batiery through
the winding of relay 5000 advancing the sequence
switch 5000 into position 7. Until all of the digits
are registered, relays 4200, 4201 and 4202 remain
locked in a circuit extending from the windings
of these relays, contact of relay 4200, conductor
4205, and the lower right and upper left con-
tacts of cam 5009, conductor 5016, right back
contact of relay 4701, conductor 4709 to ground
at the left back contact of relay 5204 or over con-
ductor 50186, left back contact of relay 5205, con-
ductor 5208, leit back contact of relay 4511, to
conductor 4523, conductor 4709 to ground at the
left back contact of relay 5204.

Since key 2317 was operated to indicate that
no code was to be dialed, ground over the left
contact of key 2317 is connected to the no-district
relay 1804 which receives battery over the upper
contacts of cam 1303 as soon as sequence switch
1300 advanced from normal. With sequence
switch 1600 in position 5, a circuit is closed from
ground over the lower left contact of cam 1612,
lower right contact of cam 1320 to the winding of
sequence switch 13060 and battery, advancing
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the sequence switch to position 4. With relay 1864
operated, a circuit is closed from battery through
the winding of sequence switch magnet 1300,
lower left contact of cam 1318, leit front con-
tact of relay 1804, left back contact of relay 1805
to ground over the lower contacts of cam 1317
advancing seguence switch 1300 to position 6.

When the sender is ready to receive the designa-
tion, it transmits a signhal to the operator’s key
set by connecting ground to the dialing ring con-
ductor. With sequence switch 1300 in positions
4 to 6, the test circuit tests for this ground by
closing a circuit from battery over the right back
contact of relay 2606, conductor 1339, lower con~
tacts of cam 1314, conductor 2215, inner right
front contact of relay 2205, conductor 1752, brush
1712, brush 1733, to the dialing ring conductor
1762 of the sender, where it extends over the outer
right back contact of relay 42086, right normal
contact and winding of relay 42907, left back con-
tact of relay 4208, outer left back contact of relay
4206, conductor 4209 to ground at the middle left
front contact of relay 5162. Relay 4207 operates,
locking to battery through resistance 4210 inde-
pendent of battery supplied from the back contact
of relay 2606 and extends the ring conductor 1762
over the right back contact of relay 4206, inner
left front contact of relay 4207 through the wind-
ings of relays 4221, 4222, and 4223, conductor
4224, inner left front contact of relay 4303 to 24-
volt battery. Relay 4207 also closes a circuit
from ground at the right front contact of relay
1804, conductor 2610, through the winding of re-
lay 2607 and its normal contact, conductor 1338,

" right contacts of cam 1313, conductor 2214, outer

left front contact of relay 2205, conductor 1751,
brush 1702, brush 1734, dialing tip conductor 1789,
inner left back contact of relay 4206, outer left
front contact of relay 4207 in series through the
windings of relays 4211, 4212 and 4213 over con-
ductor 4214 and the outer left front contact of
relay 4305 to 24-volt battery. The connection of
the dialing tip conductor to battery permits the
operation of relay 2607 which locks to battery at
its right front contact and closes an chvious ecir-
cuit for relay 2606, disconnecting battery from the
tip conductor. With relay 2606 operated, the tip
conductor is extended from the right contacts of
cam 1313, conductor 1338, inner right front con-

. tact of relay 2606, to the inner left contact of re-

lay 1901 and interrupter 1905 for the transmission
of pulses, while the ring conductor is extended
from the lower contacts of cam 1314 over conduc-
tor 1339, right alternate contact of relay 2606,
conductor 2612, to the inner right contact of relay
1901 and interrupter 1906. The tip conductor
also extends to battery through the winding of re-
lay 2603 and the ring conductor extends to battery
through the winding of relay 2605 but these relays
are so polarized as to be unresponsive to current
flow during pulsing.

As soon as sequence switch 1300 reaches posi-
tion 6 a circuit is closed from battery through the
windings of the thousands transfer relays 20156
and 2016, left back contact of hundreds transfer
relay 2023, right back contact of the over-ten-
thousand relay 2003, left back contact of the no-
numerical-digits relay 2600, right back confact of
relay 1901 to ground over the upper right confact
of cam 1317. Relay 2015 closes a locking circuit
for itself and relay 2016 over the back contact of
relay 2023, right front contact of relay 2015, con-
ductor 2134, left back contact of relay 2123, left
back contact. of relay 2130, to ground at the lower
right contact of cam 1323. 'With relay 2016 op-

- 4405.
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erated and sequence switch 1300 in position 6, re-
lay 1900 operates in a circuit over the back contact
of relay 1903, outer right back contact of relay
19190, left back contact of relay 1901, interrupter
1904, inner left front contact of relay 2606, to
ground at the inner right contact of relay 2016 as
soon as the interrupter closes its contact. Relay
1900 locks in a circuit over the back contacts of
relays 1903 and 1910, winding of relay 1901, con=
tact of relay 1900 to ground at the lower right
contact of cam 1323 but relay 1901 does not oper-
ate until the interrupter contact opens.  Relay
1801 extends the tip and ring conductors over
interrupters 1905 and 1906 to contacts of relay
2016 which completes the circuits for the thous-
ands digit. It also places the transfer relays un-
der the control of interrupter 1904. The three
interrupters 1904, 1905 and 1906 operate simul-
taneously. )

It will be assumed that the first test number is
1379. Therefore keys 901, 913, 827 and 839 will
have been operated, and sequence switches 1000
and 1100 set in positions 4 and 2, respectively.
The first closure of interrupter 1905 following the
operation of relay 1901 extends the tip conductor
over conductor 1912, inner left contact of relay
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2016, upper contacts of cam 1106, of the thousands

register to ground through low resistance 527. At
the same time interrupter 1906 extends the ring
conductor over conductor 1913, outer right front
contact of relay 2016, left contacts of cam 1101,
to ground through high resistance 530. - The clo-
sure of interrupter 1904, which occurs at this time,
completes a circuit from ground as previously
traced over the interrupter, outer left front con-
tact of relay 1901, left back contacts of relays 2001,
2004 and 2009, inner right back contact of relay
2003, left front contact of relay 2015, right con-
tacts of cam 1307, lower contacts of cam- 3723,
assuming that the class switch is in position 1,
winding of relay 2022 to battery. Relay 2022
closes a locking circuit for itself through the
winding of the hundreds transfer relay 2023, over
the left back contact of relay 2105, right front
contact of relay 2022, conductor 2134, and thence
to ground as traced Ior relays 2015 and 2016.
‘When interrupter 1904 opens, relay 2023 operates
in this locking circuit. The operation of relay
2023 opens the locking circuit of relays 2015 and
2016 causing them to release and open the pulsing
circuit to the sender.

In the sender, since low resistance ground was
connected to the tip conductor extending to relays
4211, 4212 and 4213, sufficient current flows to
operate both the sensitive relay 4213 and the
marginal relay 4212. 'The polarized relay 4211
does not receive current in the proper direction
through its winding to cause its operation. Re-
lay 4213 upon operating, with transfer relay
4400 operated, establishes a circuit from ground
over its contact, over conductor 4215, left back
contact of transfer relays 4311 and 4312, con-
ductor 4313, left back contact of transfer relay
4404, left front contact of transfer relay 4400
to battery through the winding of transfer relay
Relay 4405 operates and locks in series
with the winding of relay 4402, back contact of
relay 4406, left front contact of relay 4405 to
ground on conductor 5103, but relay 4402, being
shunted as long as relay 4213 remains operated,
does not operate at this time. Relay 4212 upon
operating closes a circuit extending from ground
at its contact over conductor 4216, inner left
contact of relay 4401, which it will be recalled
was operated in series with relay 4400 to indicate
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that the digit was to be recorded on the relays
of the thousands register, to battery through the
left winding of the thousands register relay
4497, Relay 4497 upon operating locks over its
right winding and inner left front contact, con-
ductor 5109 to ground at the inner right front
contact of relay 5102. When relays 2015 and
2016 release in the test circuit, relays 4212 and
4213 release in the sender, relay 4213 opening
the shunt around the winding of relay 4402
whereupon relay 4402 operates in the locking cir-
cuit of relay 4405, opening at its right contact
the locking circuit of relays 4400 and 4491 where-
upon these relays release. Relay 4401 discon-
nects the operating circuits for the relays of the
thousands register from the contacts of impulse
relays 4211, 4212, 4221 and 4222, and relay 4402
upon operating connects the contacts of the im-
pulse relays to the windings of the hundreds
register relays.

With relays 2022 and 2023 operated, the next
closure of interrupters 1905 and 1906 connects
the tip and ring pulsing conductors to the inner
left and right front contacts of relay 2023, re-
spectively. The tip conductor is extended over
the left front contact of relay 2023, upper left
contacts of cams 1018 and 1019 to battery through
low resistance 529 and the ring conductor is ex-
tended over the right contact of relay 2023, left
contacts of cam 1013 to ground through high re-
sistance 530. With these circuits closed the di-
rection of current flowing through the windings
of relays 4211, 4212 and 4213 is such as to operate
polarized relay 4211 and due to the strength is
sufficient to operate relay 4212 as well as relay
4213. Relay 4213 upon operating, with transfer
relay 4400 released and transfer relay 4505 oper-
ated, closes a circuit from ground as traced to
conductor 4313, thence over the left back con-
tacts of relays 4404 and 4400, right front con-
tact of relay 4405 to battery through the wind-
ing of transfer relay 4407. Relay 4407 operates
and locks in series through the winding of relay
4406, over conductor 4408, back contact of relay
4503, conductor 4504, left front contact of relay
4407, to ground on conductor 5103, but relay
4406, being shunted as long as relay 4213 remains
operated, does not operate at this time. Relay
4212 upon operating closes a circuit extending
from ground at its contact over conductor 4216,
inner left contact of relay 4402 to battery
through the right winding of hundreds register
relay 4409. Relay 4409 upon operating locks
over its left winding and inner left front con-
tact, to conductor 4411, winding of relay 4803 to
ground on conductor 5109, Relay 4211 upon op-
erating closes a circuit extending from ground
at its contact over conductor 4217, next inner left
contact of relay 4402, right winding of register
relay 4410 to battery. Relay 4410 upon operat-
ing locks over its left winding and inner left
front contact, conductor 4411, winding of relay
4803 to ground on conductor 5109.

With relay 2022 operated the closure of in-

;; terrupter 1904 which accompanies the transmis-

sion of the hundreds digit completes a circuit
from battery through the winding of the transfer
relay 2104, left front contact of relay 2022, back
contacts of relays 2015, 2003, 2009, 2004, 2001,
outer left front contact of relay 1901 to ground
through interrupfer 1904. Relay 2104 locks
through the winding of relay 2105 over the back
contact of relay 2112, and conductor 2134 as
previously traced, but relay 2165 does not operate
until the interrupter opens its contact. When this
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occurs the locking circuit of relays 2022 and 2023
is opened and these relays release, terminating
the hundreds pulse. With relay 2165 operated,

the circuits controlled by interrupters 1905 and -

1906 extend over the inner right front contact
of relay 2105, outer right contact of key 827, outer
right front contact of relay 515 to. battery
through high resistance 528 and over the outer
right front contact of relay 2105, inner right con-
tact of key 827, inner right front contact of relay
516, to ground through low resistance 531.

At the termination of the hundreds digit, re-
lays 4211, 4212 and 4213 release, relay 4213 cpen-
ing the shunt around the winding of relay 4406
whereupon relay 4466 operates in the locking
circuit of relay 4407, opening at its back con-
tact the locking circuit of relay 4405 and 4402
whereupon these relays release, relay 4402 dis-
connecting the operating circuits of the relays
of the hundreds register from the contacts of
impulse relays 4211, 4212, 4221 and 4222, and
relay 4406 upon operating connecting the con-
tacts of these impulse relays to the windings of
the tens register relays. When the -circuits
above traced through interrupters 1905 and 1906
are completed, the connection of battery through
high resistance 529 over the tip conductor to
24-veolt battery through the windings of relay
4211, 4212 and 4213 produces a current the di-
rection of which is such as to operate the polar-
ized relay 4211, Since the high resistance has
been included in the impulsing path, marginal
relay 4212 does not operate, but relay 4213 op-
erates. Relay 4213 upon operating, with trans-
fer relay 4405 released, and transfer relay 4407
operated, closes a circuit from ground as traced
to conductor 4313, left back contacts of relays
4404 and 4400, right back contact of relay 4405,
right front contact of relay 4407, conductor 4412
to battery through the winding of transfer relay
4505. Relay 4505 operates and locks in series
with the winding of relay 4503, right contact of
relay 4506, outer left front contact of relay 4595,
to ground on conductor 5103, but relay 4503 be-
ing shunted as long as relay 4213 remained op-
erated, does not operate at this time. Relay 4211
upon operating closes a circuit extending from
ground at its contact over conductor 4217 and
next inner left contact of relay 4406 to battery
through the right winding of relay 4413 of the
tens register. Relay 4413 upon operating locks
over its left winding and inner left front con-
tact to ground on connector 5109. Low resist-
ance ground connected over the ring impulsing
path to 24-volt battery through the windings of
impulse relays 4221, 4222 and 4223 produces a
current which is not in the proper direction to
operate polarized relay 4221, but since a low re-
sistance has been included in the impulsing path,
is sufficient to operate both the sensitive relay
4223 and the marginal relay 4222. Relay 4223
merely duplicates the function of relay 4213 al-
ready described, but relay 4222 connects ground
at its contact over conductor 4218, outer left
contact of relay 4406, conductor 4414 to bat~
tery through the right winding of relay 4804
of the tens register. Relay 4804 upon operai-
ing locks over its left winding and inner left
front contact to ground on conductor 5109.

With relay 2104 operated, this closure of in-
terrupter 1904 causes the operation of relay 2111
in a circuit similar to that traced for relay 2104.
Relay 2111 locks through the winding of relay
2112 over the back contact of relay 2118 and
conductor 2134 in a manner similar to the tens
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transfer relay, but relay 2112 does not operate
until the interrupter opens at the termination
of the tens digit.. When relay 2105 releases, im-
pulse relays 4211, 4213, 4222 and 4223 release,
relays 4213 and 4223 opening the shunt around
the winding of relay 4503 whereupon relay 4503
operates in the locking circuit of relay 4505,
opening at its right contact the locking circuit
of relays 4406 and 4407, whereupon these latter
relays release; relay 4406 disconnecting the op-
erating circuits of the relays of the fens regis-
ters from the contacts of the impuise relays and
relay 4503 connecting the contacts of the im-
pulse relays to the windings of the units register
relays.

With relay 2112 operated, the following clo~
sure of interrupters 1905 and 1996 connects the
tip conductor over the left contact of relay 2112,
over the inner right contact of relay 2112 to the
outer right contact of units key 839 and thence
over the outer left front contact of relay 518
to ground through high resistance 530, and the
ring conductor over the outer right front con-
tact of relay 2112, inner right contaci of key
839, outer left front contact of relay 516, to bat-
tery through low resistance 529. Therefore, due
to the connection of battery through a low re-
sistance to the windings of relays 4221, 4222, 4223,
all three of these impulse relays operate. Relay
4223 upon operating connects ground at its con-
tact as previously traced to conductor 4313, left
back contacts of transfer relays 4404 and 44900,
right back contacts of transfer relays 4405 and
4407, conductor 4415, inner left front contact
of transfer relay 4405 to battery through the
winding of transfer relay 4507. Relay 4507 oper-
ates and locks through the winding of relay 4506,
inner back contact of relay 4508, outer front

. contact of relay 4507, to ground on conductor
40

5103, but relay 4506 being shunted as long as
relay 4223 remains operated, does not operate
at this time. Relay 4221 upon operating closes
a circuit extending from ground at its contact,

_ over conductor 4219, next to outer left contact
45

of relay 4503, conductor 4509, right winding of
units register relay 4902 to battery. Relay 4902
upon operating locks over its left front contact,
conductor 5110 to ground at the inner left front
contact of relay 5102. Relay 4222 upon operat-
ing closes a circuit extending from ground at its
contact over conductor 4218, outer left contact
of relay 4503, conductor 4510 to batiery through
the right winding of units register relay 4903.
Relay 4903 operates and locks over its left wind-
ing and inner left front contact to ground on
conductor 5110. 'The connection of ground
through the windings of impulse relays 4211, 4212
and 4213 causes the current flow of such strength
and direction that only relay 4213 operates, du-
plicating the function of impulse relay 4223 al-
ready described.

The resistances which have been applied by
the test circuit through the sender registers dur-
ing registration are intended to make operate
tests of the polarized and sensitive relays in-
cluded in the tip and ring conductors and operate
and non-operate tests of the marginal relays.
Over a series of tests, the test numbers used
should be such that all of the relays are tested.
Interrupters 1904 and 1505 and 1906 operate
simultaneously giving pulses of about .300 of a
second open and .500 of a second closed. From
the previously traced operations it wiil be ap-
parent that, while the first digit is being regis-
tered during the interrupter closure following
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the operation of relay 1901, ground through in-
terrupter 1904 is operating the first of the trans-
fer relays belonging to the next digit, while dur-
ing the next open period the corresponding cut-in
relay operates and the register is prepared for
the next digit. Each cut-in relay upon operating
releases the previously used pair of relays.
Since no stations digit was included in the
test number, the zero stations key 940 will be
operated and relay 1907 is operated from ground
at the outer left contact of key 940 as soon as relay
2606 operates. With relay 1907 operated, the
operation of relay 2111 closes a circuit from bat-

“80

"85

tery through the winding of relay 2122, front con- _ .

tact of relay 1807, left front contact of relay 2111,
back contacts of relays 2104, 2022, 2015, 2003,
2009, 20604, 2001, left front contact of relay 1901
to interrupter 1904. Relay 2122 closes a circuit
through the winding of relay 2123 over its right
contact and the back contact of relay 2130 to
ground as previously traced, but relay 2123 can
not operate until relay 2111 releases at the ter-
mination of the digit. With relay 1907 normal,
the stations transfer relay 2117 would be op-
erated and relay 2122 would await the operation
of relay 2117 when it would be operated over the
back contact of relay 2003 and the front contact
of relay 2117. With relay 2123 operated the tip
conductor is extended at the closure of inter-
rupter 1905 over the inner left front contact of
relay 2123 to ground through resistance 2131
and the ring conductor is extended on the closure
of interrupter 1906 over the inner right contact
of relay 2123, to battery through high resistance
528. This transmits the start signal to the sender,
the code being different from any of the codes
used for registration.

The connection of battery to the ring con-
ductor causes current to flow through the wind-
ings of relays 4221, 4222 and 4223 in such a
direction as to operate polarized relay 4221 and
of sufficient strength to operate sensitive relay
4223, but not to operate marginal relay 4222,
Relay 4223 at its contact connects ground to con~
ductor 4415. as previously traced and thence over
the inner left back contact of transfer relay
4505, inher front contact of relay 4507, strap 4517
to battery through the winding of transfer relay
4511 which operates and locks through the wind-
ing of relay 4508, the left front contact of relay
4511, to ground . on conductor 5103, but relay
4508, being shunted as long as relay 4223 remains
operated, does not operate. Relay 4221 closes an
obvious circuit for relay 4220 and closes a circuit
from ground over conductor 4219, the next outer
left contact of relay 4506, conductor 4512 to bat-
tery through the right winding of stations register
relay 4904. Relay 4904 upon operating locks over
its left winding and inner left front contact to
ground on conductor 5110 and at its outer contact
closes an obvious circuit for register relay 4905.
The connection of ground through low resistance
2131 to the tip conductor creates current flow
which does not operate polarized relay 4211, but
does operate sensitive relay 4213 and marginal
relay 4212. Relay 4213 upon operating duplicates
the function of relay 4223. Relay 4212 upon op-
erating closes a circuit for relay 4225 over the
front contact of relay 4220, relay 4225 locking to
ground on conductor 5103. Relay 4212 also closes
a circuit from ground over conductor 4216, inner
left contact of relay 4506 to battery through the
left winding of relay 4513. Relay 4513 operates
and locks over its right winding and inner left
front contact to ground on conductor 5110 and
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extends a holding ground over conductor 4514,
middle front contact of register relay 4904, con-
ductor 4906 to battery through the winding of
relay 4515 therecby operating relay 4515.

With relay 2123 operated the closure of inter-
rupter 1904 completes a circuit from battery
through the winding of relay 2129 over the outer
right front contact of relay 2123, back contacts
of relays 2003, 2009, 2004 and 2001, outer left
front contact of relay 1901 to interrupter 1964
and ground as previously traced. Relay 2129
locks through the winding of relay 2130, rignt
front contact of relay 2129, to ground at the lower
right contact of cam 1323. When the inter-
rupter opens, relay 2130 operates in this locking
circuit, and opens the locking circuit of relays
2122 and 2123 to terminate the start impulse. At
the termination of the start impulse, relays 4221,
4223, 4212 and 4213 release. Relay 4221 in turn
releases relay 4420 which at its back confact
contacts ground from conductor 5103, over the
front contact of relay 4225, back contact of relay
4220, conductor 4226 to battery through the
winding of start relay 4701. Relays 4213 and
4223 upon releasing remove the shunt from the
winding of relay 4508 which now operates in the
holding circuit of relay 4511, opening at its inner
right back contact the holding circuit of relays
4506 and 4507 which now release.

Had the test number been over 9999 or a nu-
merical designation followed by stations letter,
then a fifth digit would have been transmitted
before the start impulse. In that case the re-
lays of the stations register would have been
operated in accordance with the fifth digit
transmitted and then the transmission of the
start impulse would have operated start relay
4701 in the manner described. In exchange
areas where only four and seven digit numbers
are used, the operator’s position and the sender
may be modified so as to start automatically
without the use of the start key. This is de-
scribed in the above identified patent to W. B.
Strickler.

Since this has been assumed to be a full me-
chanical call, completed cver incoming and final
selectors, the class sequence switch 3700 will
have heen positioned in position 1 and the ar-
rival of sequence switch 1300 in position 5 closes
a circuit from battery through the winding of
sequence switch magnet 3800, lower right con-
tact of cam 3824, left contacts of cam 3724,
inner lower normal contact of key 3000, con-
ductor 241, lower left confact of cam 1305 to
ground, advancing sequence switch 3800 to po-
sition 2. Since the noc district key 1405 was op-
erated, a circuit was closed in positions 2 and 3
of sequence switch 1300 from battery through
the winding of relay 3608, conductcr 3615, upper
right and lower left contacts of cam 1302, left
contact of no district key 1405, conductor 1482,
upper contacts of cam 3309, conductor 3332, to
ground over the lower left contact of cam 3808.
Relay 3608 locks over its outer right contact,
conductor 3614 and the lower contacts of cam
1302 to the same ground holding relay 3608
until sequence switch 3800 leaves position 3. It
also operates relay 3609 from the same ground.
‘When sequence switch 3800 reaches position 2,
relay 3609 closes the usual operating circuit for
magnet 3800, advancing that sequence switch
out of position 2 and since relay 3609 is held op-
erated, it also advances it out of position 3, and
into position 4. Since the skip office key 1425
is alto operated, ground cver the left contact
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of that key, conductor 1481, and the lower con-
tacts of cam 3318 is connected to conductor
3614 holding relays 3608 and 3609 operated
through position 5 thereby advancing sequence
switch 3800 to position 6 where they release.

When the gtart relay 4701 of the sender op-
erates, a circuit is established from battery,
winding of relay 4208, inner right normal con-
tact of relay 4208, conductor 4228, outer left
front contact of relay 4701, conductor 4708 to
ground at the inner right front contact of re-
lay 4801. Relay 4206 releases relay 4207, con-
nects 43-volt battery through resistance 4229,
over its outer right front contact to the ring
impulsing path and 48-volt battery through the
winding of marginal relay 4208 over its inner left
front contact to the tip impulsing path as a re-
lease signal to the operator’s key set. In the
test set the impulsing paths are connected re-
spectively to polarized relay 2605 and 24-volt
battery and polarized relay 2603 and 24-volt
battery. The current flow through these re-
lays is now in the operative direction and both
operate. With relays 2603 and 2605 operated
a circuit is closed from ground over the right
front contacts of relays 2605 and 2603, normal
contact and winding of relay 2400 to battery.
Relay 2400 locks over its inner right contact
and the lower contacts of cam 1317 to ground.
When sequence switch 1300 reached position 4,
a circuit was closed from ground over the lower
contacts of cam 1317, left back contact of re-
lay 2400 to the winding of relay 2415 and bat-
tery. Relay 2415 closed an obvious circuit for
relay 2408. The operation of relay 2400 opens
the operating- circuit of relay 2415 which re-
leases, in turn releasing relay 2408, but both of
these relays are slow to release, so that for an
interval relays 2408 and 2400 are both operated,
and ground through resistance 2407 is connected
to the pulsing tip conductor, as an indication
that the release signal has been received, there-
by operating marginal relay 4208 in the sender,
which locks over its inner right contact to
ground on conductor 4228 and opens the circuit
of relay 4206 which releases. When relay 2408
closes its back contact, ground over the front
contacts of relays 2603 and 2605 is connected
to the winding of relay 2608 which operates,
locking to ground over the lower contacts of
cam 1317. Relay 4206 upon releasing opens the
operating circuits of relays 2603 and 2605, relay
2605 now releasing, but relay 2603 being held
by relay 2608. Relay 2605 upon releasing closes
a circuit from ground at its back contact, outer
left contact of relay 2608, winding of relay
2609 to battery. Relay 2609 operates and con-
nects ground over its right contact, upper left
contact of cam 1319, to the winding of sequence
switch magnet 1300 and battery advancing the
sequence switch to position 7. The advance of
sequence switch 1300 to position 6 releases re-
lays 2400, 2608, 2603 and 2609.

With sequence switch 3800 in position 6 the
trunk test circuit previously traced is established
in the test circuit. With selection control switch
5000 in position 7, a circuit is closed for op-
erating relay 4805 extending from battery, wind-
ing of relay 4805, inner left back contact of
class relay 4806, conductor 4807, upper left con-
tact of cam 5017 to ground at cam 5004. With
relay 4805 operated, assuming the thousands
register relay 4497 operated, a circuit is closed
transferring the thousands registration to re-
lay 5306. This circuit extends from battery
through the winding of relay 5306, conductor
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5307, outer left front.contact of relay 4805; con-
ductor 4808, inner left front contact of thous-
ands register relay 4497 to ground on conductor
5109.

With start relay 4701 operated or relay 4511
operated, the locking circuit for relays. 4200, 4201
and 4292 is. opened and these relays release.
Relay 4201 closes the fundamental circuit in the
sender. Since for a call of the class assumed,
relays 5205, 5211, 5212 and. 5220 of the class reg-
ister and class relay 4806 are not operated and
relays 5213 to 5217 of the compensating resistance
register have not been set, the fundamental cir-
cuit may be traced from battery through relay
3004 in the sender and thence as previously traced
to - brush 1732, conductor 1764, left back contact
of relay 5113, outer left back contact of relay
5112, conductor 5114, right contacts of cam 5019,
conductor 5020, outer left back contact of relay
4808, conductor 4812, resistance 5018, lower left
and upper right contacts of cam 5921, conductor
5022, back contact of compensating resistance
relay 5217, conductor 5218, winding of trunk test
relay 5144, conductor 5116, back contact of count-
ing relay 4201, conductor 4230, Ieft winding of
overflow relay 5117, conductor 5118, upper con-
tacts of cam: 5023, conductor 5024, back contact
of compensating resistance relays 5215 and 5216,
conductor 5219; right contacts of' cam 5025, con-
ductor 5028 right back contact of relay- 5113,
conductor 1763, bruslr 1731 and thence to ground
at the right front contact of relay 3103. Relay
5144 operates in this circuit but relay 5117 does
not operate. Relay 5144 causes the operation
of relays 5119 and 5120, relay 5120 locking over
conductor 5121 to ground over the lower right
contact of cam 5027 and the lower left contact
of camr 5004 until control switch 5000 leaves
position 9; closing-a circuit for relay 5112 extend-

+n  ing from battery, winding of relay 5112, conduc-

tor- 5122, right back contact of relay 4806, con-
ductor 48183, right back contact of relay 5220,
conductor 5221, left contacts of cam 5028, con-
ductor 5029, outer right front contact of relay
Relay 5112
upon operating establishes a new fundamental
circuit traceable as previously described from the
tip conductor 1764. to the outer left front con-
tact of relay 5112, thence over conductor 5123,

~ right contacts of cam 5030, conductor 5031, wind-

ing of stepping relay 5115, conductor 5116, back
contact of counting relay 4201, conductor 4230,
left  winding of overflow relay 5117, conductor

5118 and.thence as traced to the ring trunk con- -

ductor 1783. It will thus be noted that the
operation of relay 5112 is. effective at this time
to remove the trunk test relay 5144 and resist-
ance. 5018 from the fundamental circuit, thereby
reducing, the resistance of the circuit to such a
degree. as. to cause the operation of relay 3004 in
the test circuit and the operation of relay 5115
in the sender. Polarized overflow relay 5117 does
not receive current in the proper direction to
operate at this time. Relay 5144 now releases
Relay 5112
upon operating also. reieases relay 5111 -which
at.its left beck contaet shunts the left winding
of overflow relay 5117 by the resistance 5124.

- The sender  is now conditioned for controlling
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the incoming selector in its brush selecting move-
ment.

 Incoming and final selections and the opera-
tion of the test- circuit take- place as described

- for subscribers’ senders up to the point of in-
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coming advance causing reverse battery closure.
The operation of the:sender which. is very similar
to that. for the subscriber’s sender in ifs control
of selectors.is described fully in the above identi-
fied. Strickier patent and therefore will not be
described in. detail here. The reverse batiery
circuit is established in position 15 of sequence
switch 3800 as previously described except that
the fundamental ring. conductor extends as pre-
viously traced over the lower confacts of cam
3719, conductor 1333 through the winding of
relay 3104, conductor 622; back contact of relay
811, conductor 3839, left contacts of cam 3820
to the winding of relay 3004 instead of over the

lower contacts of cam 1311 as traced when test~ -

ing subscribers’ senders. Relay 3104 operates.in
this reverse battery circuit opersting relay 3105
which locks over its right contact, lefi front con-~
tact of relay 1280 to ground at the right back
contact of relay 2329. Relay 3004 operates as
before to ground interrupter 3200, which in turn
operates relays 3201, 3202 and: 3205 to advance
sequence switchh 3800 after the reverse battery
clostire has been maintained: for a predetermined
interval. Relays 5115 and: 5117 in the sender also
operate in the reverse battery circuit, relay 5117
locking from hattery through its right winding,
conductor 5127, upper left and lower right con-
tacts of cam 5049, conducter 5050 to ground at
the front contact of relay 5117. Relay 5117 also
operates relay 5202 which at - its back contact
opens the operating ground for the counting re-
lays-and, with stepping relay 5115 operated, closes
a circuit. for operating the No. 0. counting relay
4200, As soon: as the reverse battery is discon-
nected in the test circuit, relay 5115 releases
and counting relays 4201 and 4292 lock in series
with the winding of relay 4200.. Relay 4201 upon
operating opens the fundamental circuit and re~
lay 4202 operates relay 5113.
relay 5113, may be traced from ground at the
front contact of relay 4202, conductor 4204, outer
left'front contact.of relay 52062, conducter 5226, to
battery through the winding of reley 5113, Relay
5113 upon cperating cleses a circuit for relay 5128
over the front contact of relay 5104, conductor
5129, upper left and lower right contacts of cam
5045, conductor 5203 to ground af the inner left
front confact of relay 5113. With relay 5128

operated the fundamental tip conductor 1764 is ;o

connected through 560 ohm resistance 5130, front
contact of relay 5138, to ring conductor 1763 of
the fundamental circuit, thus simulating the
trunk closure which is usually made when a dis-

trict. selector is employed in an established con- i3

nection.

A satisfactory test of the reverse battery clo-
sure which takes place as described for sub-
seribers’ senders, advances seguence switch 3300
to position 18.
position 16 the trunk closure by the sender abcve
described is tested, since the fundamental tip
conductor is extended over the left contacts of
cam 3821 to conductor 3841, winding of relay
1800, conductor 1836, to the pecint of junction
ketween resistances 3108 and 3107 while the
fundamental ring conductor is extended over the
left contacts of cam 3819, conductor 3842, wind-
ing of relay 1205, conductor 1214, {o the oppo-
site terminal of resistance 3107, The circuit
traced for full mechanical calls from battery
over the right contacts of cam 3709, conductor
1214, through resistances 3107 and 3106, to
ground over the upper left contact of cam 3803 is
reestablished in position 16 of sequence switch

The circuit of

With sequence switch 3808 in g
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3800 and the connection of the tip and ring con-
ductors to the opposite terminals of resistance
3197 produces a potenticmeter arrangement such
that a short circuit esfablished in the sender
will operate both relays 1800 and 1203, but a
ground on either one of these conductors will
operate only one of the relays. With sequenc
switch 1300 off-normal, ground over the left con-~
tacts of cam 1317 and conductor 1336 is con-
nected to the winding of relay 1801 so that the
joint operation of relays 1800 and 1285 now
closes a circuit from ground over the front con-
tact of relay 1800, front contact of relay 1205,
right front contact of relay 1801, lefl back con-
tact of relay 1802, winding of relay 1363 to bat-
tery. Relay 1803 locks over its left contact, to
grounded conductor 1338.

The connection of the fundamental tip and
ring in the sender is maintained under the con-
trol of the test circuit. Relay 5128, which makes
the trunk closure in the sender, upon coperating
also extends its operating ground to batlery
through the winding of relay 5185 which locks
over its left front contact to ground on con-
ductor 5103 locking relay 5128 operated. Relay
51065 opens the circuit of slow release relay 5104
which releases., With relay 5105 operated, when
relay 5104 releases, ground on conductor 5103
is extended over the left front contact of relays
5105 and 5128, normal contact of relay 5104,
right front contact of relay 5105, right back
contact of relay 5131, conductor 5132 to battery
through the winding of relay 4710. Relay 4710
upon operating locks over its right contact to
ground on conductor 5103 and at its left back
contact opens the shunt around the high re-
sistance winding of relay 4300. The current now
flowing through the windings of relay 4309, 1200
and 1291 is not of sufficient strength to maintain
relay 1200 operated and it releases.

The interval between itrunk closure and the
connection of high resistance to the circuit of
relay 12060 is measured by the test circuit, When
the reverse battery circuit is opsned, by the
advance of seguence switch 3800 to permit trunk
closure by the sender, relay 3104 which was in-
cluded in the fundamental circuit releases and
extends the locking ground from relay 3105 over
the back contact of relay 3104, to the winding
of relay 2418. Relay 2418 in operating con-
nects ground to conductor 3614, supplying ground
to the locking circuit of relays 3608 and 3609.
It also connects ground over its outer right con-
tact to conductor 2323 which is extended over
the back contact of relay 2808 and conductor
2424, to interrupter 2419 which, with relay 2418
operated is connected over the cuter left con-
tact of relay 2418, to the back contact of relay
3916 and the winding of relay 3%06. Relays
3906 and 3516 and the remaining counting re-
lays operate in suiccession under the control of
interrupter 2419 and when relay 3910 operates,
a circuit is closed from the grounded inter-
rupter over the front contact of relay 3918, con-
ductor 3959, inner left front contact of relay
2418, outer right front contact of relay 1200
if that relay is still operated, winding of relay
1802 to battery. The operation of relay 1802
therefore is the test of the minimum time in-
terval between the closure of the short circuit
in the sender and the connection of high re-
sistance in series with relay 1201 and 1200. Relay
1802 operates, locks over its right contact to
ground on conductor 1335. When relay 1200 does
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release due to the connection of high resistance
in its circuit, a circuit is closed from hattery
through the winding of sequence switch magnet
1300, upper right contact of cam 1320, left front
contact of relay 1802, rigiht front contact of relay
1803, left back contact of relay 1200, to ground
at the right back contact of relay 2329, advanc-
ing sequence switch 1300 to position 8. Segquence
switch 1300 is then advanced to position § in a
circuit over the upper left contact of cam 1320,
left back contact of relay 1204, right back con-
tact of relay 1293, inner right back contact
of relay 1261, conducter 1216, left back contact
of relay 1902, conductor 1911 to ground over
the lower contacts of cam 3704, With sequence
switch 1300 in position 9, a circuif is closed from
battery through the winding of sequence switch
magnet 3850, lower left contact of cam 2824,
conductor 3844 outer lowser left alternate con-
tact of start key 2200, conductor 2216, right
contacts of cam 1301, conductor 1335, to ground
at the upper right contaet of cam 214, Se-
guence switch 3800 advances to position 1, re-
storing the normal checking path from ground
to conductor 1021. With sequence switcn 1300
in position 9, a circuit is closed from battery
through the winding of sequence switch magnet
1600, lower left contact of cam 1603, right nor-
mal contact of key 2207, inner upper normal con-
tact of key 2380, conductor 2332, left contacts
of cam 1306 to conductor 1021 and ground over
the restored normal checking path. Sequence
switch 16008 is advanced to position 6 in this
circuit and from there to position 7 since relay
2203 is not operated. In positicn 7 relay 2329
is again connected to conductor 1763 to test for
the reconnection of battery to that conductor in
the sender.

When the circuit previousiy traced through ths
windings of relay 4300 is opened, relay 4300 re-
leases in turn releasing relays 4500 and 5102.
Relay 5102 upon releasing discennects off-normal
ground from conductor 5103 and relay 4500 dis-
connects off-normal battery from conductor 4502
whereupon zll operated relays of the sender re-
lease. At its back contact relay 4500 closes a
circuit from ground over conductor 4524, upper
left contact of cam 5011, contact of cam 5001 to
battery through the winding of magnet 5500 thus
advancing sequence switeh 50060 to normal posi-
tion. All operated apparatus in the sender is
now in normal condition and battery is again
connected to conductor 1766 from the back con-
tact of relay 4801.

The operation of relay 2329 advances sequence
switch 1600 to position 8. In position 8 a circuit
is closed from battery through the winding of
sequence switch magnet 1600 over the upper con-
tact of cam 1605, inner right back contact of
relay 2202, left back contact of relay 2203, to
zround cver the upper right contact of cam 1612
advancing seqguence switch 1600 to position 9.
In this position the sender selector magnet is
energized and in cooperation with relay 1623 ad-
vances the sender selector one step and the con~
nector seguence switeh to position 1. When the
ground over the left contact of cam 1610 advances
sequence switeh 1309 to position 10, which is the
eguivalent of position 1, seguence switch 1300 is
advanced from that position in the manner pre-
viously described over the normal checking path,
and the busy test and succeeding operations are
performed in connection with the next sender.
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Full mechanical call-trunk to distant office

selector

Full mechanical connections may also be estab-
lished where the trunk seized terminates in a
distant office selector. 'To test the ability of the
sender to establish such conunections, it is neces-
sary to set up in the test circuit a code and appro-
priate office selection registration although the
no-district key 1405 will sbili be operated. In the
sender upon its association with the test circuit,
relays 4300 and 4500, 5102, 4801, 5140, 4900, 5104
and 5200 operate as previously described. Key
2305 is operated to indicate to the sender that the
eall is one to a distant office selector. With key
2305 operated, as soon as relay 2301 is operated,
ground is connected to conductor 1763, outer left
back contact of relay 5100, conductor 5133, right
winding of trunk class register relay 4705 to bat-
tery. Relay 4705 opserates and locks over its left
winding and inner left front contact to ground on
conductor 5103 before relay 5160 operates as pre-
viously described to open its initial operating cir-
cuit. At its right front contact relay 4705
establishes an obvious circuit for relay 4711. 1In
this case the previously traced circuits for op-
erating relays 4703, 5106, 5300, 5301 and 4302
are not established.

With relay 4801 operated and relay 4700 not
operated, a circuit is established from battery,
windings of transfer relays 4311 and 4314 in
series, back contact of relay 4315, conductor
4316, back contact of relay 4700, conductor 4706,
inner right back contact of relay 4305, conductor
4306, inner left front contact of relay 4801 to
ground. Relays 4311 and 4314 lock in series
over the back contact of relay 4315, conductor
4316, back contact of relay 47¢0, conductor 4706,
outer right front contact cf relay 4311, conductor
4306 to ground at the front contact of relay 4801.
The operation of relays 4311 and 4314 at this time
indicate that the first digit transmitted from
the test circuit will be registered on the relays
of the frst or A code register. With relay 4311
operated, a circuit is established for relay 4305 ex-
tending from battery, winding of relay 4305,
conductor 4317, inner right front contact of relay
4311, conductor 4306 to ground at the contact of
relay 4801. At its right back contact, relay 4305
opens the initial operating circuit of relays 4311
and 4314. When relay 5100 cperates as pre-
vicusly described, the fundamental tip conductor
1764 and the fundamental ring conductor 1763
are disconnected from the windings of the trunk
class register relays 4700 and 4705 and these con-
ductors are thereby made free for fundamental
selection.

When relay 4801 operated, it removed battery
through resistance 4802 from conductor 1766.
Relay 2329 releases to advance the test as previ-
ously described. Sinee key 2317 is not operated,
relay 1804 also is not operated. Relays 1200 and
3103 are overated as previously described advanc-
ing sequence switch 13 to position 3. When se-
quence switch 1680 arrives in position 5, sequence
switch 1200 is advanced to position 4 as previously
described. In this position a circuit is closed from
battery through the windings of relay 2001 and
2002 in series, left back contact of relay 2005, left
back contacts of relays 1804 and 1805, to ground
over conductor 1336. These relays lock over the
front contact of relay 2001, and the left back
contact of relay 2010, conductor 2134 to ground
as previously described. Relay 2001 extends its
locking ground over its inner right front contact,
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to the right winding of relay 1805 and battery.
Relay 1805 locks over its inner left contact, to
ground over conducior 1336. Relay 1895, which
is the start pulsing relay, supplies ground to the

circuit of relay 2607 which operates over the -

pulsing tip conductor from the sender as previ-
ously described. Relay 2607 in turn operates re-
lay 2606 which establishes the pulsing circuit. As
before, the first closure of interrupter 1904 oper-
ates relays 1909 and 1901 which lock over the
lower right contact of cam 1323. The code digits
are now transmitted to the sender in the manner
described for the transmission of the numerical
digits, except that the appropriate code keys are
used in determining the codes to be employed.
Since the sender and the test circuil are ar-
ranged for either two or three digit codes, the
circuit of relay 2004 is carried through the con-
tact of key 404 which is normally operated for
all three digit codes, extending over the outer
right upper operated contact of key 404 to the
front contact of relay 2801, the outer left con-
tact of relay 1801 and interrupter 1904 to ground.
Where only a two digit code is tc be transmitted
and key 404 is normal, the circuit from ground
over the interrupter would extend over the outer
upper normal contact of key 404 to the winding
of relay 2009 so that no B code digit would be
transmicted. However, assuming that key 404 is
operated and that three code digits are to be
transmitted, relay 2004 will ke operated locking
through the winding of relay 2005, which oper-
ates when the interrupter opens its contact in the
manner previously described in connection with
the trasmission of the numerical designation.
In a similar manner reiays 20608 and 2010. are
operated under the control of relay 2004 for the
transmission of the third code digit. The opera-
tion of relay 2005 opens the locking circuit of
relays 2001 and 2002 and the operation of relay
2010 releases either relays 2001 and 2002 or 2004
and 2005 depending upon which was the previ-
ously operated pair. Since relay 2000 is not op-
erated and s full designation is to be transmitted,
a circuit is closed from battery through the wind-
ing of relay 2129, back contact of relay 2000, left
front contact of relay 2009 and thence over the
back contacts of relay 2004 and 2001 to interrupier
1904 so that relays 2129 and 2130 operate after the
transmission of the third digit. Relay 21320 in op-
erating closes a circuit from ground over its right
contact, lower right contact of cam 1319 through
the winding of sequence switch magnet 1300 to
battery, advancing the sequence switch to positicn
5. When sequence switch 1300 leaves position 4,
relays 1900 and 1901 release stopping the {rans-
mission of pulses. The advance of seguence
switch 1300 to position 5 advances seqguence
switch 3800 to position 2. Relays 3608 and 3609

are operated under the control of the no-district |

key 1405 and advance switch 3800 to position 4.
Office selections are checked in the manner pre-
viously described advancing sequence switch 3800
to position 6. The arrival of sequence switch
3800 in position 6 advances sequence switch 1300
into position 6.

When sequence switch 1300 arrives in position
6, a circuit is closed from battery through the
windings of relays 2015 and 2016 in series, back

contact of relay 2023, back contact of relay 2003, i4

back contact of relay 2000, right back contact of
relay 1901, to ground at the upper right contact
of cam 1317. Relay 201§ in operating closes a
circuit for operating relay 1990 under the confrol
of interrupter 1904 and this relay operates fol-
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lowed by relay 1901 to cause the transmission of
the numerical digits in the manner previously
described.

In the sender the three code digits are regis-
tered on the A, B and C code registers in a man-
ner similar to the registration of the numerical
designation. The operation of transfer relay
4400 in response to the registration of the third
code digit operates relay 4309 which locks to con-
ductor 4306 ciosing & holding circuit ifor relay
4305 which has been previously operated. Relay
4309 connects battery over conductor 5134 to the
decoder connector for initiating the connection of
a decoder with a sender. The decoder functions
the same in connection with a key pulsing sender
as it does with a full mechanical sender and re-
ceives the code digit registration, translates and
returns it to the selection registers in a manner
fully described in the above identified patent to
Raymond et al. When the decoder has completed
its operation, it connects ground over conductors
4428 and 5302 to battery through the winding of
relay 5301 which operates and locks over its mid-
dle ieft front contact to ground on conductor 5103

“and extends locking ground over conductor 5108

to battery through the winding of relay 5106,
thereby causing the operation .of relay 5106.
Relay 5106 upon operating removes the battery
from the start conductor 5134 extending to the

“decoder connector whereupon the decoder con-

nector releases and breaks the connection be-
tween the decoder and the sender. Relay 5106
at its right front contact conneets locking ground
over conductor 5007, left contacts of cam 5006,

‘conductor 5303 for locking the operated office

brush and office group relays and over the upper
contacts of cam 5006 and conductor 5054 to lock
the operated relays of the compensating resist-
ance and class registers. The same ground is

" connected over conductor 5007 and the upper left

and lowar right contacts of cam 5006 to conductor
4204 serving to lock relay 4302 and the district
brush and group register relays which for the
call under consideration are not operated.

vt its ocuter left back contact relay 5106 also
opens the circuit of relay 5200 which releases and
with relay 4302 operated from the decoder to in-
dicate that district selections are to be skipped
a circuit is established from battery on con-

“duetor 4502, winding of counting relay 4200,

windings of counting relays 4201 and 4202 in
paraliel, conductor 4283, inner left front con-
tact of relay 4711, next to inner left back contact
of relay 4702, conductor 4707, right front con-

5 tach of relay 4302, conductor 4307, left back con-

tact of relay 5200, conductor 5201, left front con-
tact of relay 5106, conductor 5003, left contacts
of cam 5002 to ground on conductor 5103, Relays
4900, 4201 and 42062 overate, relay 4202 closing

" g circuit from ground over its contact, conductor

4204, outer left back contact of relay 5202, con-
ductor 5203, upper contacts of cam 5008, winding
of magnet 50980 to battery to advance the switch
5000 into position 3. Relay 4201 at its contact

= holds the fundamental circuit opened until

after sequence switch 5000 leaves position 3. In
position 3 with relay 4302 operated, a circuit is
established from battery, winding of magnet 5000,
contact of cam 5001, upper right contact of cam
5011, conductor 5012, outer left front contact of
relay 4302, conductor 4308, lower left and upper
right contacts of cam 5008, conductor 5203, outer
1eft back contact of relay 5202, conductor 4204
to ground at the contact of relay 4202. A circuit
is also established at this time for relay 5111 from

45

battery, left winding 'of relay. 5111, conductor
4308 and thence to ground at the contact of relay
4202 as just traced, relay 5111 locking over its
right winding and contact, inner left back contact
of relay 5112, conductor 5303, left .contacts .of
car 5006, conductor 5007 to ground at the right
contact of relay 5108 and remaining operated
until switch 5000 leaves position 7..

Switch 5000 advances inte. position: 4, releas-
ing counting relays 4200, 4201 and 4202, relay
4201 upon releasing in turn releasing relay 4302
and closing the fundamental cireuit extending to
the test circuit for office test: A circuit for simu-
iating the office trunk is established in the test cir-
cuit- as described for a subscriber’s sender. In
the sender it extends from the tip ftrunk con-
ductor 1764, left back contact of relay 5113, outer
1e7t back contact of relay 5112, conductor 5114,
upper right and lower left contacts of cam 5019,
resistance 5018, lower left and upper right con-
tacts of cam 5921, conductor 5022, right front
contact of compensating resistance relay 5217,
assuming that relay to have been operated, con-
ductor 5236, winding of trunk test relay 5136,
conductor 5116, back contact of counting relay
4201, conductor 4230, left winding of overflow
relay 5117, conductor 5118, left contacts of cam
5023, conductor 5056, right front contact of com-
pensating resistance relay 5213, assuming that
relay to have been operated, 600 ohm resistance
5228, right back contact of compensating resist-
ance relay 5214, conductor 5230, left and upper
right contacts of cam 5025, conductor 5026, right
back contact of relay 5113, to the ring conductor
1763.

Relay 5136 operates in the trunk test circuit
operating relay 5120 which locks over conductor
5121 until the control switch 5600 leaves position
5, and closes a circuit for relay 5112. Relay 5112
establishes 2 new fundamental cireuit traceable
as previously described from the tip conductor
to the outer left front contact of relay 5112,

thence over conductor 5123, right contacts of.

cam 50390, conductor 5031, winding of stepping
relay 5115, conductor 5116, back contact of count-
ing relay 4201, conductor 4239, left winding of
overflow - relay 5117, conductor 5118, left con-~
tacts of cam 5023, conductor 5056, right front
contact of relay 5213, resistance 5228, back con-
tact of relay 5214, conductor 5230, left and upper
right contacts of cam 5025, conductor 5926, right
back contact of -relay 5113, to the ring conductor.
It will be noted that the operation of relay 5112
is effective at this time to remove the trunk test
relay 5136 and resistance 5018 from the funda-
mental circuit thereby reducing resistance in the
circuit to such a degree as to permit the-operation
of the test circuit relay 3004 and the advance of
the test circuit.

Office - brush and group selections take vplace
in the sender in the same manner as occur in
the subscriber’s sender previously described.
When sequence switch 5000 reaches position 7, the
incoming trunk test circuit is.established in the
usual manner and from this point to the com-
pleticn- of the test the operations are the same
as deseribed for the previous. test.

Full mechanical call-local district selector

On g full mechanical call simulating the use
of a local district, none: of the trunk class keys is
operated and no trunk class registration is: set
up in the sender. . Therefore the entire designa-~
tion is. registered, the decoder is employed, and
all of the selections are made in a manner similar-
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to office selections. " Since neither of the trunk
class register relays 4700 nor 4705 are operated

-for this type of call, relays 4702, 4703, 4711, 51086,

5300 and 5301 are not operated and the circuit
for advancing the control sequence switch 5000
through the positions corresponding to district
selections is not closed and these take place as
described for subscribers’ senders. Otherwise the
operation is the same as for the calls previously
traced.

Full mechanical call-incoming selector to
overflow

In testing the key pulsing sender for its oper-
ation in response to the simulation of an incom-
ing selector going to overflow, the preparation is
the same as for the complete full mechanical
call, except that the No. 2 class key 1562 is oper-
ated as in making the similar test for the sub-~
scriber’s sender, so that sequence switch 3700 is
advanced to position 2. The checking of selec-
tions takes place as previously described for the
subscriber’s sender through the connection of
reverse battery to the fundamental circuit in sim-
ulation of the incoming selector at overflow. In
the sender the reverse current over the funda-
mental circuit operates relays 5115 and 5117.
Relay 5117 upon operating locks cover its right
winding, conductor 5127, upper left and lower
right contacts of cam 59049, conductor 5050 to
ground at the front contact of relay 5117 and
extends its locking ground over the right con-
tacts of cam 5049 to conductor 5051 thereby op-
erating relay 5202, and over the lower left contact
of cam 5849 to conductor 5068, winding of relay
5131, to battery on conductor 4502. Relay 5131
upon operating locks to ground at its middle left
front contact. When relays 5115 and 5202 oper-
ate, relay 4200 operates over a circuit from battery

“through its winding, conductor 5040, middle con-

tact of relay 5202, conductor 5036, right and lower
left contacts of cam 5035, conductor 5034, con-
tact of relay 5115, conductor 5033, lower right
contact of cam 5017 to ground at cam 5004, lock-
ing through the windings of relays 4201 and 4202.
When the test circuit opens the reverse battery
closure, relay 5115 releases permitting relays 4201
and 4202 to operate. A circuit is now established
from ground at the contact of relay 4202 over

-conductor 4204, front contact of relay 5202, con-

ductor 5226, to battery through the winding of
relay 5113. Relay 5113 then advances control
switch 5000 to position 17. With switch 5000
in position 17 and relay 5113 operated a circuit
is closed for relay 5128, over the front contact
of relay 5104, conductor 5129, upper left and lower
right contacts of cam 5045, conductor 5203 to
ground at the inner left contact of relay 5113.
Relay 5128 extends its operating ground to bat-
tery through the winding of relay 5105 which
locks itself and relay 5128 to ground over con-
ductor 5103 and opens the circuit of relay 5104
which releases.

Relay 5131 also closes a circuit from ground at
its inner left front contact, conductor 5150, right
front contact of relay 4701, conductor 4733, outer
right front contact of relay 4208, inner right back
contact of relay 4206, conductor 4267 to battery
through the winding of relay 4734. Relay 4734
operates closing a shunt from ground at its left
front contact, conductor 4735 to ground through
the right winding of relay 4300 and since the high
resistance left winding of relay 4300 is at the
time shunted by the left back contact of relay

4710, the resistance of relay 4300 -is reduced to
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five ohms, whereby the current flowing over con-
ductor 1761 to battery through the windings
of relays 1200 and 1201 is increased to such an
extent as to cause the operation of marginal re-
lay 1201 in the test circuit. Relay 1201 in operat-
ing closes a locking circuit for itself through its
left winding and inner left front contact to
grounded conductor 1336, The operation of re-
lay 5128 closes the fundamental circuit in simula-
tion of trunk closure in the manner described,
thereby coperating relays 1800 and 1205. These
relays operate and a circuit is closed for relay
1803 which operates as previously described and
locks. Relay 4734 also opens the operating cir-
cuit of relay 4760 which, being slow to release,
closes its left contact only after an interval to
complete a circuit for relay 5204. The operation
of relay 5204 closes g circuit extending from bat-
tery through the winding of relay 4710, conductor
5132, right front contact of relay 5204, conductor
5245, right front contact of relay 5105, normal
contact cf relay 5104 and thence to ground over
the locking circuit of relay 5105. Relay 4710
upon operating locks over its right front con-
tact and at its left back contact opens a shunt 100
around the left high resistance winding of relay
4300, thereby increasing the resistance in the
circuit of relays 1200 and 1201 so that relay 1200
releases. Relay 1201 remains operated because
it is locked as previously described. Relay 1801
is operated over conductor 1336 as previously
described but relay 1802 is not operated since se~
guence swibch 3700 is not in position 1. ‘With se-~
quence switeh 8760 in any position other than 1,
advance of sequence switch 1300 to position 7
following the transmission of the key release sig-
nal closes a circuit from battery, upper left con~
tact of cam 3703, winding of relay 3006, to ground
at the upper contacts of cam 1309. With relays
1803 and 3006 operated, the release of relay 1200
closes a circuit from battery through the winding
of magnet 1300, upper right contact of cam 1320,
front contact of relay 3006, right front contact
of relay 1803, back contact of relay 1200, to ground
at the back contact of relay 2329, advancing
sequence switch 1300 to position 8. Sequence
switch 1300 advances to position 9 in a circuit
over the upper left contact of cam 1320, back
contacts of relays 1204 and 1203, right front con-
tact of relay 1201, to ground at the upper right
contact of cam 3721. The restoration of the
sender and test circuit to normal and the ad-
vance to the next sender take place as deseribed
hereinbefore.
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Full mechanical call-office selector to overflow

With class key 1563 operated, the sender is test-
ed for its ability to handle a call on which the office
selector goes to overflow. For this class of eall
the registration takes place as for a full mechani- 135
cal call and the check takes place as described
for a subscriber’s sender, sequence switch 3700
being in position 3 while release and restoration
are the same as when incoming selectors go to

normal. 140

Call to three-digit operator

With class key 1466 operated, sequence switch
3700 is advanced to position 6 and the sender is
tested for its ability to handle calls to three digit 145
operators. With sequence switch 3700 in posi-
tion 6, relay 2000 receives battery over the lower
right contact of cam 3703 and ground from the
off-normal conductor 1336, thereby operating.
The operator’s code is set up on the code keys and 150
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these digits are transmitted to the sender in the
manner previously described. With relay 2000
operated, the operation of relay 2009 closes a
circuit from battery through the winding of relay
2122, front contact of relay 2000, left front con-
tact of relay 2009, back contacts of relays 2004
and 2901 to ground over the cuter left contact of
relay 1991 and interrupter 1904. Relay 2122 locks
through the winding of relay 2123 as previously
described and the start signal is transmitted im-
mediately following the third code digit. Relays
2129 and 2130 operate following the operation of
relay 2123 and advance sequence switch 1300 to
positien 5. The check of the selections is similar
to the same type of call for subscribers’ senders.
At the completion of selections, relays 3808 and
2809 operate in the usual manner and are held
operated over the upper right contact of cam
3818 to ground over the upper right contact of
cam 3718, advancing sequence switch 3850 1o po-
siticn 15 where the reverse battery closure is
made. Sequence switch 1300 is advanced to po-
sition 6 when sequence switch 3800 reaches posi-
tion 6, and when relay 2609 operates as described
for a full mechanical call advances seguence
switch 1300 to pesition 7. The remainder of the
test is completed exactly as the full mechanical
call.

ull mechanical call-release with partial dialing

In order to test the sender for its reaction 5o
a release before the completion of dialing and
following the completion of district selections,
class key 1468 is operated advancing seguence
switch 3700 to position 8. With seguence switch
2700 in position 8, the check of district selections
takes place as previously described. Ofiice selec-
tions are skipped or checked and trunk test mads
in the usual manner. When relay 2015 operates
for transmitting the thousands digit, the circuit
controlled thereby for operating relay 2022 is
opened at the lower left contact of cam 3723
and extends over the upper left contact of that
cam to the winding of relay 1910 and battery.
Relay 1910 locks over its inner left contact to
ground at ths upper right contact of cam 1316
and therefore no digits are transmitted follow-
ing the transmission of the thousands digit.

Sequence switch 1300 is advanced from position
6 in a circuit from battery through the winding
of the seguence switch magnet, upper left con-
tact of cam 1319, outer left front contact of
relay 1910, conductor 258, to ground over the
upper left contact of cam 3721.

With seguence switch 1300 in positions 4 to 7
and relay 1910 not operated ground is connected
over the upoer left contact of cam 1324, through
recistance 1999, inner right back contact of relay
1910, contacts of cam 1618, conductor 1756,
brushes 1715 and 1736, conductor 1766, back con-
tact of relay 4869, outer left front contact of
relay 4801, conductor 4825, inner right front con-~
tact of relay 4305, conductor 4336 to battery
through the left winding of relay 5244 as a non-
onerate test of that relay. The operation of relay
1919 transfers the circuit of relay 5244 over the
front contact of relay 1810, through resistance
1908, to ground at the back contact of relay
1062. Relay 5244 operates in series with re-
sistance 1908 and closes an obvious circuit for
relay 5204 without waiting for the release of relay
4760. With relay 5204 operated the counting
relay circuit is opened so that on the attempted
incoming selection, none cf the counting relays
will be operated and the fundamental circuit will
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not be opened in the sender. When relay 3932
operates, it operates relay 3608 in a circuit from
battery through the winding of relay 3608, con-
ductor 3615, outer left front contact of relay 3094,
held operated in the fundamental circuit, upper
left and lower right contacts of cam 3781, upper
right and lower left contacts of cam 3809, conduc-
tor 3827, back contact of relay 28062, conductor
2024, 1eft back contact of relay 3948, front con-
tact of relay 3932 to ground as previously traced.
Relay 3609 operates as before and advances the
sequence switch 3800 to position 15, where re-
verse battery is applied to the fundamental cir-
cuit as from a selector at overfiow. With relay
3004 operated in the fundamental circuit relay
3205 is operated as soon as sequence switch 3800
reaches position 15 in a circuit from battery
through its winding, right contzcts of cam 3714,
left contacts of cam 23813, conductor 3617, inner
left front contact of relay 3004 to ground at the
upper right contact of cam 3704. Relay 3205 ad-
vances sequence switch 3846 to position 18.

The premature operation of relay 5131 does ot
cause ithe operation of reiay 4734 in this case,
since, with dialing incomplete, the start relay
4701 was not operated. Trunk closure follows
causing the operation of 1803. When high re-
sistance is connected to the circuit of relays 1200
and 1201, these relays release, relay 1200 advane-
ing sequence switch 1200 to position 8 from which
it is advanced in a circuit ovsr the upper left
contact of cam 1320, back contacts of relays 1204,
1202, 1201 and 1902, conductor 1811, to ground
at the lower leit contact of cam 3§704. 'The
restoration of the circuit to normal and the ad-
vance to the next sender is the ssme as deseribed
for the full mechanical call.

Call indicator call trunk to tandem district
selector

In testing ihe cperator’s sender for a call in-
dicator call, key 1574 is cperated if the call is a
direct call indicator call and key 2113 if the call
is o tandem call indicator eall, either one serv-
ing to advance sequence switch 3500 to position
13. Registration takes place exactly as for a full
mechanical call. Seguznce switch 3350 is used
for checking the district and office selections, if
used, the same as in checking similar selections
during the festing of subscribers’ senders al-
through the district and office selections may be
skipped through the use of the no-district and
skip office keys in the same manner as deseribed
for a full mechanical call. The ability of the
trunk guard relay to hold or toc operate may be
tested the same as for the subscribers’ senders

xcept that no stations delay is introduced by the

key pulsing sender and therafore this may not
be checked on this type of sender, key 2818 re-
maining normal throughout such tests. At the
completion of trunk test, sequence switch 2390 is
advanced to position 9. For dirset calls relays
3508 and 3509 arc operated, while for tandem
calls thase relays are not operated. If they are
opsrated, they transfer the circuits controlled
Py the code relays 4111, 4112 and 4112 from the
A code register to the stations register and also
advance sequence switeh 3300 directly to position
12. Relay 2329 simulates the assigniment by the
district operator and initiates the transmission
of the call indicator pulsas. If these are received
satisfactorily, sequence switch 3309 is advanced
to position 17 where restoration to normal and
advance to the next sender are similar to the full
inechanical call,
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Tf no stations are to be transmitted, the zero
stations key 940 is operated, in turn operating
the no stations relay 1807. This relay causes the
cperation of relays 2122 and 2123 immediately
after the transmission of the units digit as indi-
cated by the coperation of relays 2111 and 2112,
The sender will transmit zerc for the stations
digit. If a stations digit is to be transmitted, re-
lay 19907 is normal and a digit corresponding to
the operated stations key is transmitted under
the control of relays 2117 and 2118, which digits
will be recorded on the stations register as trans-
mitted from the sender. If a number greater
than 9998 is to be used the No. i key in the sta-
tions column, namely key 841 will be used, al-
though this key corresponds to a ten thousand
digit. When no ten thousands digit is used, the
thousands digit is zero, that is-key 940 must be
operated. With key 941 operated a circuit is
closed from batiery through the winding of re-
lay 2003, right contacts of cam 1306, conductor
3029, outer left contact of key 941, conductor
950, to ground over ths left contacts of cam 1301

_ as soon as sequence switch 1300 reaches position

25

30

35

2. Relay 3005 is also operated over conductor
3059 in parallel with relay 2003. Relay 2003
closes a circuit for velay 1907. With relay 20063
operated, when sequence switch 1300 reaches po-
sition 6, a circuit is closed from ground over the
upper right contact of cam 1317, outer right back
contact of relay 1901, back contact of relay 2000,
outer right front contact of relay 2003, back con-
tact of relay 2016, through the windings of re-
lays 2118 and 2117 in series to battery thus oper-
ating these relays ready to transmit the stations
digit as soon as relays 1960 and 1901 make the in-
tarrupters 1805 and 1806 operative. The opera-
tion of relay 2117 closes a circuit from battery

 through the winding of thousands transfer relay
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2015, outer left front contact of relay 2003, outer
left front contact of relay 2117, inner right front
contact of relay 2003, back contacts of relays
2008, 2004 and 2001, cuter left froat contact of
relay 1901 to interrupter 1904. Therefore the
thousands digit is transmitted following the sta-
tions digit instead of the start signal. When re-
lay 2111 operates for the transmission of the
units digit, a circuit is closed from battery
through the winding of relay 2122, front contact
of relay 1907, front contact of relay 2111, back
contacts of relays 2104, 2022, 2015, back contact
of relay 2117, inner right front contact of relay
2003, and thence over the back contacts of re-
lays 2009, 2004 and 2001 to ground over the inter-

‘rupter contact so that the start signal is trans-

mitted immediately following the transmission of
the units digit.

The operation of the operator’s sender in com-
pletion of call indicator calls-is similar to that
of the full mechanical sender.
trunk which would demand call indicator oper-
ation would be a trunk terminating in a tandem
district selector in which case trunk class key
2304 would be operated, connecting ground to
both the tip snd ring conductors and operating
both trunk class register relays 4700 and 4705.
Relay 4700 causes the operation of relays 4702,
4703, 4302, 5108, 5300 and 5301, as described in
connection with the first type of call discussed,
and relay 4705 causes the operation of relay 4711
as described in connection with a previous call.
The operation of relays 4302, 5106 and 5300 at
this time indicates that district and office selec-
tions are to be skipped and that the association
of a decoder will not be required. Relay 4711

One type of.
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upon operating, with relay 4703 operated, closes
a circuit from ground at caim 5004, conductor
5005, next to outer front contact of relay 4703,
middle right front contact of relay 4711, con-
ductor 4721, right winding of class register relay
5212 to battery. Relay 5212 locks over its left
winding and outer left front contact, conductor
5054, upper contacts of cam 5008, conductor 5007
to ground at the right front contact of relay 51086.
The operation of relay 5212 indicates that the
call is to be routed to a tandem office. Relay
5212 gt its inner left front contact closes & cir-
cuit from ground over conductor 5231 for oper-
ating relay 4806. With relays 5212 and 5301
operated, a circuit is established from battery
through the winding of relay 5137, conductor
5138, left back contact of class register relay
5211, conductor 5232, outer front contact of relay
5301, conductor 5322, outer right front contact
of class register relay 5212, conductor 5233, upper
right contact of cam 59027 to ground at cam 5004.
Relay 5137 closes a circuit for operating relays
49253 and 4254 in series over conductor 4255 to
ground at the inner right front contact of relay
5137. These relays lock over the right contact
of relay 4254, conductor 4256, upper left and
lower right contacts of cam 4602 of impulser
switch 4600 to conductor 4603, upper left con-
tact of cam 5027 to ground over cam 5004, after
sequence switeh 5000 reaches position 7 and un-
til after the impulser switch 4600 leaves position
10 of its first revolution. Relay 5137 also closes
a circuit for advancing the impulser switch 46060
out of position 1 into position 5. When the im-
pulser switch 4800 reaches position 4 and switch
5000 reaches position 7 a locking circuit is closed
for relay 5137. Relay 5137 remains operated
until the impulser switch 4600 leaves position
17 in its first revolution.

With relays 4801, 4700 and 4705 operated, the
transfer relays 4311 and 4314 are operated to
indicate that the first digit to be received will be
registered on the relays of the A code register.
When the complete designation has been re-
ceived, the start relay 4701 is operated. When
relay 5106 operated following the operation of
relay 4700, the sender control switch 5000 was ad-
vanced into position 7 in the manner previously
described in connection with the call over an in-
coming selector, thus passing by the positions in
which district and office selections are usually
made. With switeh 5000 in position 7 the fun-
damental circuit is closed for trunk test and ex-
tends from battery in the test circuit to con-
ductor 1764 over the left back contact of relay
5113, outer left back contact of relay 5112, con-
ductor 5114, right contacts of cam 5019, con~
ductor 5020; outer left front contact of relay 48086,
conductor 4821, upper contacts of cam 5021, con-~
ductor 5022, back contact of relay 5217, con-
ductor 5218, winding of trunk test relay 5144,
conductor 5116, back contact of counting relay
4201, conductor 4230, left winding of overflow
relay 5117, conductor 5118, upper contacts of
cam 5023, conductor 5024, back contact of reiay
5215, back contact of relay 5216, conductor 5219,
right contacts of cam 5025, conductor 5026, right
back contact of relay 5113, to conductor 1763
and thence to ground in the test circuit. Relay
5144 coperates in the trunk test circuit and in turn
causes the operation of relays 5119 and 5120.
Relay 5120 upon operating does not, in this case,
cause the operation of relay 5112 since the cir-
cuit for that relay is opened at the right back
contact of class relay 4806. With :lass relay
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5212 operated, when relay 5120 operates, a cir-

cuit is closed for the call indicator relay 5139
which operates and locks to ground on conductor
5103 and closes a circuit through the winding of
sequence switch magnet 5000 advancing it to
position 17. As soon as relay 5139 cperates, the
fundamental circuit is extended from conductor
1764, left back contact of relay 5113, inner right
front contact of relay 5139, outer left front con-
tact of relay 5120, conductor 5141, left back con-
tact of relay 5220, conductor 5218, winding of
relay 5144, conductor 5116, back contact of relay
4201, conductor 4230, left winding of relay 5117,
conductor 5118, upper contacts of cam 5023, con-
ductor 5024, right back contacts of relays 5215
and 5216, conductor 5219, right contacts of cam
5025, conductor 5026, right back contact of re-
lay 5113 to conductor 1763 until the proper trunk
closure condition is established in the test cir-
cuit, relay 5144 remaining operated and the left
winding of overflow relay 5117 shunted over the
inner right front contact of relay 5120, middle
right front contact of relay 5139, conductor 5062,
and the lower right and upper left contacts of
cam 5023 to prevent a false overflow condition.
Condenser 5143 and resistance 5145 are connect-
ed in shunt of the winding of relay 5144 to pre-
vent the discharge from relay 5144 from causing
a false call indicator impulse to be transmitted.

When battery and ground are removed by the
test circuit and the circuit through relays 4111,
4112 and 4113 is substituted as heretofore de-
scribed, relay 5144 releases followed by the re-
lease of relays 5119 and 5120. With relay 5139
operated and relay 5120 released, a circuit is
closed for operating relay 4251 which in turn
closes a circuit through the winding of magnet
4600 of the impulse switch. Sequence switch
4600 after starting from its starting position 5
makes the remainder of the first revolution and
a second revolution during which it transmits
impulses corresponding to the designation set
up on the incoming registers. Impulser sequence
switch 4600 on leaving position 17 opens the
locking circuit of relay 5137 which releases. The
sequence switch is advanced from position 1 over
the front contact of relay 4254 and from posi~
tion 2 a circuit is maintained over the front con-
tact of relay 4251 which permits the completion
of the second revolution. On leaving position
10 of the second revolution the locking circuit
of relays 4253 and 4254 is opened and these re-
lays release. Therefore when sequence switch
4600 reaches normal at the end of the second
revolution it can not advance further.

During its advance from position 8 of the first
revolution to the end of the second revolution,
sequence switch 4600 is instrumental in trans-
mitting code impulses for setting the registers
of the tandem sender corresponding to the set-
ting of the registers of the sender. With a nu-
merical designation having but four digits or
having a stations digit, the stations letter is trans-
mitted before the numerical designation, a zerc
being substituted for the stations letter if none
is employed. If a five place designation is re-
ceived, so that the first digit is one and the sec-
ond digit 0, indicating a number between ten
thousand and ten thousand nine hundred and
ninety-nine, then thousands register relay 4497
will be operated; no register relays of the hun-
dreds register will be operated and consequently
relay 4803 will not be operated; and the sta-
tions register relays will be operated to register
the units digit so that the start combination is
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not registered on the stations register and re-
lay 4515 is not operated. The circuit of relay
4722 is therefore extended from battery through
the winding of that relay, conductor 4728, inner
right front contact of relay 4508, which operates
following the reception of units digit, conductor
4531, back contact of relay 4730, conductor 4729,
back contact of relay 4803, conductor 4823, right
back contact of relay 4515, back contact of relay
4532, conductor 4533, left back contact of thou-
sands register relay 4811, conductor 4808, left
front contact of thousands register relay 4497,
to ground on conductor 5109. The operation of
relay 4722 indicates that the first set of code
impulses for the ten thousands digit 1 of the
numerical designation is to be received on the
stations registers of the tandem sender and must
be sent in the stations code. The units digit
which is recorded on the stations register and
may have any value from zerc to 9 is to be re-
ceived on the units register of the tandem sender
and must be sent in the regular units code in-
stead of the stations code. This translation is
brought about by providing extra stations regis~
ter relays. The manner of generating these
pulses and the codes employed is clearly described
in the patent to W. B. Strickler above identified
and need not be described in detail here.

When switch 4600 passes from position 16
to position 1634 of the second revolution, the fun-
damental ring conductor 1763 and the funda-
mental tip conductor 1764 are both connected to
ground. As the sequence switch passes from po-
sition 1634 the fundamental tip conductor is
opened until the switch reaches position 17%.
From position 17 to position 1834 the funda-
mental ring conductor extends to ground and
the fundamental tip conductor extends through
low resistance 4262 to battery thus generating a
heavy positive impulse. In passing through po-
sitions 12 and 20, the fundamental circuit is
opened. -As switch 4600 reaches position 1834
with relay 4254 released, a circuit is established
from battery through the windings of counting
relays 4200, 4201 and 4202, conductor 4203, left
contacts of cam 4663, conductor 4664, left back
contact of relay 4254, conductor 4607, lower con-
tacts of cam 4601 to ground. These relays op-
erate and lock to ground at the lower contact of
cam 5009. From this point the sender functions
as previously described.

In order to provide means for taking care
of trouble conditions which may arise in the
sender, when the operations do not progress
fast enough, a time measure arrangement is pro-
vided consisting- of two timing circuits one for
measuring the allowable interval from the time
the sender is seized until all the digits have been
registered and the other for measuring the al-
lowable interval for making selections, starting
from the time that all the digits have been reg-
istered. The first timing circuit consists of re-
lays 4828, 4827, 4826 and interrupter 4829 and
is started from relay 4801 when the sender is
seized. The second counting circuit consists of
relays 4923, 4830, 4831, 4832 and 4833 and in-
terrupter 4834 and is started from the start relay
4701 or from relay 4827 when operated.

As soon as relay 4801 operates following the
seizure of the sender and interrupter 4829 closes
its contact, relay 4826 operates in a circuit ex~
tending over the back contact of relay 4827, con-
tacts of interrupter 4829, outer left back contact
of start relay 4701, conductor 4708 to ground at
the inner right front contact of relay 4801, lock-
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ing through the winding of relay 4827, front
contact of relay 4826, thence to ground af
the front contact of relay 4801. Relay 4827
does not operate in this locking circuit until
interrupter 4829 opens its contacts. - On the next
closure of the interrupter relay 4828 operates and
locks. If all the digits have been registered and
start relay 4701 is operated before the above
described operations are completed, relay 4828
does not operate and relays 4826 and 4827 release.
If the start relay 4701 has not operated, relay
4828 causes the transmission of the key release
signal, in response to which relay 4208 is oper-
ated. Relay 4208 in turn operstes relay 4734,
which shunts the second winding of relay 4300
to produce the reorder signal described herein-
before.

If the start combination is transmitted and re-
lay 4701 is operated on time, indicating that all
digits have been received, a circuit is established
for operating the relays of the second timing
circuit. At the first closure of the contacts of
interrupter 4834, relay 4923 operates and . locks
through the winding of relay 4830 to ground on
conductor 4835, but relay 4830 is not operated
until the interrupter contacts open. On the next
closure of interrupter contacts, relay 4831 is oper-
ated and locks through the winding of relay 4832
to ground on conductor 4835, relay 4832 oper-
ating when the interrupter breaks its contact.
If neither relay 5240 nor 5139 is operated at this
time indicating that the call does not involve a
distant office selector, or the transmission of call
indicator code impulses, & circuit is established
for relay 4833. If either relays 5240 or relay
5139 is operated, the circuit of relay 4833 is not
established directly upon the operation of relay
4832, but it is delayed until after the contacts of
interrupter 4834 close and open again. This is
brought about as follows: When the interrupter
contacts close following the. operation of relay
4832, a cireuit is closed through the left winding
of relay 4830 for holding relay 4830 operated and
in shunt of relay 4923 releasing the latter relay.
When the interrupter contacts reopen the hold-
ing circuit of relay 4830 is opened and that relay
also releases. A circuit is now closed for relay
4833 over the left back contact of relay 4830, the
front contact of relay 4832, back contact of relay
4800 to ground at the inner left front contact of
relay 4801 and relay 4833 operates. Thus for calls
involving a distant office selector or full mech-
‘anical tandem equipment a longer time interval
is measured before relay 4833 operates.

When relay 4833 operates, it closes a circuit for
relay 4734 which in turn shunts the right winding
of relay 4300 to cause the advance of the district
‘selector or the trunk to a reorder position. Relay
4833 also connects ground to the contact of inter-
riupter 4829 thereby starting the operation of the
timing relays 4826 43827, and 4828, which after a

vperlod of thirty to sixty seconds light the stuck

sender lamp 4839 if the sende1 does not restore in

" the meantime.
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Call mdzcator call—Abandoned—Without distant
office -selector

As in the case of the subscriber’s sender, the
test circuit is arranged to make two release
tests, one simulating the use of a distant office
selector and the other without such a selector

50 as to determine whether the sender makes

the proper time discrimination. The operation

of the sender also differs in that, if a distant

office selector is required, the sender must wait

1,958,635

following release for assignment since a heavy
positive pulse is necessary for controlling the
distant office selector, whereas if the selector is
absent, reiease takes place without waiting for
assignment. - For testing the sender for a released
call indicator call without a distant office selec-
tor, sequence switch 3700 is advanced to position
14 by the operation of key 1475. A full set of
digits is recorded in the sender and the selections
checked or passed by in the manner previously
described. When sequence switch 1300 reaches
position 7 a circuit is closed from battery through
the winding of relay 1910, left contacts of cam
1307, lower left contact of cam 3721 to ground.
Relay 1910 locks over its inner left contact to
ground at the upper right contact of cam 1316.
Relay 1910 connects greund through resistance
1908 to conductor 1766 in the manner described
for the release of a full mechanical call, operating
relay 5244 which in turn operates relays 5204
and 5237, thereby releasing the sender in the
manner previously described. The release of re-
lays 1200 and 3103 causes the advance of se-
quence switch 3300, which is used for checking
call indicater calls, to position 17 and then to
position 18 and advances sequence switch 1300
to position 8. Since relay 1201 has not been
operated, this relay advances sequence switch
1300 to position 9 from whence the restoration
takes place as previously described. The oper-
ation of relay 5237 closes a circuit for operating
relay 5113 which includes the right contact of re-
lay 5240 which is not operated since the call simu-
lates one in which neither a distant office selector
nor full mechanical tandem eguipment is includ-
ed. Relay 5113 advances sequence switch 5000
to position 17 where it is restored to normal in
the manner described.

Call indicator - call—Abandoned—With dzstant
office selector

With key 1476 operated, sequence switch 3700
is advanced to position 15 in preparation for
checking the sender for abandoned call indicator
calls in which a distant office selector is em-
ployed. This is indicated to the sender by the
operation of key 2305 whieh results in the oper-
ation of relay 5240. With relay 5240 operaled,
the circuit above traced for relay 5113 can not be
closed and that relay. does not operate. The
sender is advanced to position 17 by the comple-
tion of the trunk test circuit in the usual manner
and continues to await assignment. As described
for the similar test of the subscriber’s sender,
the time interval is measured off and the assign-
ment is simulated, whereupon the relay 5120 in
the sender is released and the transmission of
impulses started. However, since relay 5237 is
operated, the low resistance battery lead used
for changing the even numbered pulses to heavy
negative pulses is opened and only light negative
pulses can be transmitted. Likewise the high
resistance battery lead wused for transmitting
positive pulses is also opened so that the result is
the transmission of zeros for all the numbers of
the designation which the test circuit is pre-
pared to check in the manner described for sub-
scribers’ senders.

Cuall to three-digit operator through distant office
selector

In testing the sender for a call simulating a
call to a three-digit operator through a distant

‘office selector, key 2106 is operated, advancing se-

guence switch 3700 to position 6. Trunk class
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key 2305 will be operated causing the operation
of trunk class register relay 4705 which locks
and operates relays 4711. Class relay 5205 is op-
erated from the decoder in turn operating relay
5242. Relay 5240 is cperated from the decoder
to indicate that a distant office selector is to be
employed and therefore when sequence switch
5000 reaches position 2, a circuit is closed from
battery through the winding of relay 5220, right
front contact of relay 5240, conductor 5243, left
and upper right contacts of cam 5085, conduc-
tor 5066, inner right front contact of relay 5205,
back contact of relay 5212, conductor 5054, up-
per contacts of cam 5006, conductor 5007, to
ground at the right front contact of relay 5106.
Relay 5220 locks to ground on conductor 5054.
Selections are made as previously described and
on trunk test relays 5144, 5119 and 5126 operate
in succession. When relay 5120 operates, it
closes a circuit from ground at the outer right
contact of relay 5102, outer right front contact
of relay 5129, conductor 5029, left contacts of
cam 5028, conductor 5221, right front contact
of relay 5220, conductor 4265, winding of relay
4258, to battery. Relay 4258 locks over ifs inner
left front contact to off normal ground on con-
ductor 5103. Relay 4258 in operating closes a
circuit from battery through the winding of re-
lay 5139, left back contact of relay 5131, con-
ductor 5148, outer left front contact of relay 4258
to grounded conductor 5103. Relay 5139 in op-
erating advances sequence switch 5000 to posi-
tion 17. When the switch leaves position 9 re-
lay 5120 releases and connects reverse battery to
the fundamental circuit to advance the distant
cffice selector. The circuits for this purpose may
be traced from battery on conductor 4502, re-
sistance 4262, inner right front contact of relay
4258, conductor 5142, outer left back contact of
relay 5120, inner right front contact of relay 5139,
left back contact of relay 5113, to the fundamen-
tal tip conductor 1764 and from ground over the
outer right front contact of relay 4258, conduc-
tor 4260, inner right hack contact of relay 5120,
middle right front contact of relay 5139, con-
ductor 5052, right contacts of cam 50623, con-
ductor 5024, back contacts of relays 5215 and
5216, conductor 5219, right contacts of cam 5325,
conductor 5026, right back contact of relay 5113
to the fundamental ring conductor 1763, As se-
quence switch 5000 passes through positions 12 to
16, a circuit is established for operating relay
5113, extending from battery through the wind-
ing of that relay, right ccntacts of cam 5065,
conductor 5066, inner right contact of relay 5205,
left back contact of relay 5212, conductor 5054,
upper contacts of cam 5006, conductor 5007, to
ground at the right front contact of reiay 5106.
Relay 5113 locks to ground on conductor 5103
and opens the fundamental circuit. When
switch 5000 reaches position 17, a circuit is closed
for relay 5128 over the front contact of relay 5104,
conductor 5129, upper left and lower right con-
tacts of cam 5045, conductor 5203, to ground at
the left front contact of relay 5113. Relay 5128
upon operating extends its operating ground to
battery through the winding of relay 5105 which
locks over its left front contact to ground on
conductor 5103, holding relay 5128 operated and
opening the circuit of relay 5104 which now re-
leases. With relay 5105 operated and relay 5104
released, ground on conductor 5103 is extended
over the left front contacts of relays 5105 and
5128, normal contacts of relay 5104, right front
contact of relay 5105, right back contact of relay

51

5131, conductor 5132, to battery through the
winding of relay 4710. Relay 4710 upon operat-
ing locks over its right contact to ground on con-
ductor 5103 and at its left back contact opens
the shunt around the high resistance left wind-
ing of relay 4300. The current now flowing from
ground through the windings of relay 4300 per-
mits the release of relay 1200 as previously
described.

When sequence switch 3800 reaches position 6
fcllowing the completion of office selections, the
test circuit prepares to test the trunk and re-
verse battery closures by the sender. For this
purpose the fundamental circuit is extended from
the tip conductor as previously traced over the
right contacts of cam 3820, right operated con-
tact of key 2108, left back contact of relay 2600,
resistance 2601, left windings of relays 2401 and
2409 to battery. The fundamental ring con-
ductor may be traced over the upper contacts of
cam 3819, conductor 3832, through the compen-
sating resistance tc conductor 3831 and ground
at the lower left contact of cam 38C3. At the
same time g circuit is closed from ground over
the back contact of relay 2409, through the right
winding of relay 2401, conductor 2135, outer left
operated contact of key 2108, conductor 1340 to
battery over the upper contacts of cam 1303
polarizing relay 2401 against the current flowing
in its left winding. A similar circuit exists from
hattery over conductor 2135 through resistance
2410, right winding of relay 2409 to ground over
the lower right contact of cam 1316 polarizing
relay 2409 to operate quickly in response to the
currentt flow in its left winding. When the funda-
mental circuit is established for trunk closure
in the sender as above traced, relay 2409 operates
if the circuit established in the sender is a dry
bridge as it should be. In operating, relay 2409
disconnects ground from the winding of relay
2401 extending that circuit through resistance
2435 and condenser 2436 to ground. Condenser
2436 will therefore be charged from the battery
connected to the winding of relay 2401 and, de-
pending on the constants of the resistance and
the condenser, an appreciable time will be re-
quired during which charging -current flows
through the right winding of relay 2401 main-
taining the polarization of that winding which
prevents its operation. When the condenser is
fully charged and the charging current decreases
1o zero, the left winding of relay 2401 becomes ef-
Tective and the relay operates. While sequence
switeh 1300 was in positions 2 and 3 a circuit was
closed from battery on conductor 2135 through
the winding of relay 2417 to ground over the up-
per right contact of cam 1315, relay 2417 locking
over its left front contact to ground at the back
contact of relay 2401. Relay 1203 also operates
in parallel with relay 2417 to ground at the upper
left contact of cam 1323, locking over its left con-
tach tc ground at the right back contact of relay
2502. With relay 2417 operated, ground is con-
nected over the front contact of that relay .to
conductor 2437 to hold relay 1203 operated. Like-
wise a circuit is closed for lamp 2416 to indicate
the type of test being made.

1f relay 2401 operates properly, it releases re-
lay 2417 and disconnects ground from relay 1203,
wut relay 1203 is held operated by relay 2502.
Relay 2409 in operating closes a circuit from
ground over its left front contact, left back con-
tact of relay 2600 to the winding of relay 2602
and battery. Relay 2602 locks through the wind-
ing of relay 2600 and the front contact of relay
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2602, over the front contact of relay 1203, back
contact of relay 1201, back contact of relay 1902,
conductor 1911, to ground over the lower contacts
of cam 3704. Following the successful establish-
ment of the dry bridge, the sender opens the
fundamental circuit closing a reverse battery cir-
cuit as above traced. Therefore, relays 2409 and
2401 release, opening the operating circuit for
relay 2602 and permitting relay 2600 to operate.
Relay 2600 opens the circuit of relay 2401 and
2409 and the operating circuit for relay 2602 and
closes a circuit from ground at its right contact
through the winding of relay 2504 to battery. Re-
lay 2504 opens the fundamental ring conductor
as formerly traced and connects it over its front
contact, through the right winding cf relay 2500,
resistance 2503, right winding of relay 2502, outer
left contact of relay 2504, to the tip conductor
as traced over the right contact of key 2106. This
circuit is free from battery and ground in the
test circuit. In the same manner as described
for relays 2401 and 2408, a circuit is closed from
bhattery to conductor 2135 and the windings of
relays 2500 and 2502, extending through resist-
ance 2501 and the winding of relay 2500 to
ground over the right contact of cam 1610 and
through the left winding of relay 2502 to ground
at the right back contact of relay 2500, thereby
electrically polarizing relays 2500 and 2502 so that
relay 2500 is free to operate in a correctly estab-
lished reverse battery circuit in the sender, but
relay 2502 can not. As described for relays 2401
and 2409, when the reverse battery circuit is
established in the sender, relay 2500 operates re-
moving the shunt from resistance 2506 and con-
denser 2507 and the polarizing current continues
to flow through resistance 2506, until condenser
2507 is charged, when the current reduces to zero
and relay 2502 may operate as a simple relay.
Relay 2502 in operating removes the locking
ground from relay 1203 as an indication that the
reverse battery circuit was established correctly
as to direction and duration of establishment. If
either the trunk closure or reverse battery closure
is not maintained until relay 2401 or relay 2502
operates, the test can not advance.

When relay 1203 relesses, it opens the locking
circuit for reiays 2698 and 2602, and these relays
release. The release of relay 2600 in turn releases
relay 2504 which restores the fundamental ring
conductor to its former closure. When the sender
connects high resistance ground to the winding
of relay 1209 and that relay releases, relay 3103
is also released in turn causing the operation of
relay 613 which advances sequence switch 3300
from position 6. It is advanced out of position 7
from ground over the upper right contact of cam
1324. Relays 3608 and 3652 at the termination
of office selections remain locked over the right
contacts of cam 3818 and the upper left contact
of cam 3710 and become effective in position 8 of
sequence switch 3800 to advance that seguence
switch to position 15. Ground from the front
contact of relay 612 is connected over conductor
624, the upper right and lower left contacts of cam
3716 and the upper right contact of cam 3824 to
advance sequence switch 3800 to position 16 in
which the fundamental circuit is connected
through the windings of relays 1205 and 1800,
which effect the further restoration of the sender
and test circuit to normal, as previously de-
scribed.

Timed-out call

As previously mentioned the sender is arranged
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to allow an interval of from 30 to 60 seconds dur-
ing which the digits are to be registered which
interval is measured by interrupter 4829 and re-
lays 4828, 4827 and 4826. If these relays com-
plete their operation sc that relay 4828 operates
before the last digit is received, it transmils-a
reorder signal to the district by shunting all but
the low resistance winding of relay 4300. To test
the sender for its ability to wait the proper length
of time before transmitting the recvder signal and
also for its abilily to make the reorder signal, key
2100 is operated, advancing sequence switch 3700
to position 18, With sequence switch 3700 in
position 18 the time alarim interval is extended
thirty seconds as will be described hereinafter.
When relay 2009 operates during the transmission
of the second digit, it closes a circuit from battery
through the left winding of relay 1983, outer right
operated contact of key 2100, inner right front
contact of relay 2009, to ground over conductor
2134, Relay 1803 locks through its right winding
and inner right front contact to grounded con-
ductor 1338, and opens the holding circuit for
relays 1900 and 1901 so that these relays release
stopping the transmission of digits. At this time
either two digits will have been registered in the
sender or, if a two digit code has been set up, only
one digit will have been recorded. In the sender
the timing circuit will function as previously de-
scribed to operate relay 4828 which locks inde-
pendent of the interrupter contact. Relay 4823
in turn operates relay 4206 which releases relay
4207 and disconnects the impulse relays 4211,
4212, 4213, 4221, 4222 and 4223 from the tip and
ring impulsing conductors, and connects them to
43.volt battery through the winding of relay
4208, and through resistance 4229 respectively.
Relays 2603 and 2605 operate from this 48-volt
battery, relay 2605 in turn operating relay 2400

followed by relay 2608 which locks to ground at -

the lower right contact of cam 1317 and connects
ground through resistance 2604 to the pulsing tip
to operate relay 4208. Relay 4208 upon operating
locks to ground applied to conductor 4228 by rslay
4828, opens the operating circuit of relay 4297 to
prevent its reoperation, releases relay 4206 and
closes a circuit extending from ground at ths
middle right front contact of relay 4828, conductor
4733, outer right front contact of relay 4208, inner

right back contact of relay 4206, conductor 4267, 4

winding of relay 4734 to battery. Relay 4734 upon
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operating shunts the right winding of relay 4300 -

as previously described and as the left winding
of relay 4300 is at this time also shunted at the
back contact of relay 4719, the resistance of relay
4390 is reduced to such an extent that relay 1201
can operate and lock, in turn coperating relay
1916 over key 2100. Relay 18210 .in operating
closes ground through resistance 1908 to con-
ductor 1766, operating relay 5244 as before de-
seribed. Relay 5244 in turn operates relays 5204
and 5237. Relay 5204 also closes a circuit ex-
tending from battery, winding of relay 4710, con-
ductor 5132, right front contact of relay 5204,
conductor 5245, right front contact of relay 5105,
normal contact of relay 5104, thence to ground
over the locking circuit of relay 5105. Relay
4710 locks over its right front contact and at its
left back contact opens the shunt around the left
high resistance winding of relay 5209. This high
resistance releases relay 1200 and relay 3103
thereby advancing sequence switch 1300 to posi-
tion 8 where the operated condition of relay 1201
advances it to position 9. If relay 1201 fails to

operate, relay 1300 remains in position 8 and lamp ;
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2812 is lighted from ground at the inner left front
coritact of relay 2821, lamp 2312, to battery over
the contact of key 2700, relay 2821 operating over
the lower right contact of cam 1310 with sequence
switeh 1300 in position 8.

Operator’s errors—Trunk to distant office
selector

Since the operator served by this key pulsing
sender has the choice of four different types of
trunks, some of which require complete designa-
tions and others of which require only the nu-
merical designation, it is possible that the oper-
ator may select the wrong type of trunk for the
number she wishes to record. The sender is
therefore equipped to transmit a reorder signal
whenever the operator sets up a type of call,
which the trunk seized is incapable of complet-
ing. The test circuit must therefore test the
sender for its ability to give the recorder signal
under these conditions. Three test calls are ar~
ranged for, one simulating a call over a ftrunk
to an office selector using key 2017, sequence
switeh 3700 in position 18 and transmitting a
code which does not call for the use of an office
selector, while key 2305 is operated to indicate
the trunk class information to the sender. The
second test is one simulating a call through a
tandem district selector for which no code is
transmitted although key 2304 is operated to in-
dicate that such a trunk has been seized and
the third test simulates the use of a trunk
through an incoming selector in which a stations
key other than zero is operated while key 2317 is
gperated to indicate the class of trunk, it being
realized that full mechanical calls over incoming
selectors never use stations digits.

In the first operator’s error test call, key 2017
is operated advancing sequence switch 3700 to
position 18 as previously mentioned. Sequence
switch 1300 is advanced to position 4, where the
transmission of the code digits is the same as
previously described, advancing switch 1300 to
position 5. Ground over the outer right oper-
ated contact of key 2017 advances sequence
switch 1300 to position 6 where the numerical
digits and start signal are transmitted. In the
sender, trunk class register relay 4705 is operated
in turn operating relay 4711. The decoder in
operating translates the code set up, which is not
the code of an cffice reached through a distant
cffice selector, and relay 4302 will not be operated.
The non-operated condition of relay 4302, to-
gether with the operated condition of relays 4705
and 4711, prevents selections from starting and
closes the circuit of relay 4152 extending over
conductor 5153, outer left alternate contact of
relay 4711, inner left back contact of relay 4702,
conductor 4732, right back contact of relay 4302,
conductor 4307, back contact of relay 52900, con-
ductor 5021, left front contact of relay 5106, con-
ductor 5003, left contacts of cam. 5002 to ground
on conductor 5103, relay 5200 having released
and relay 51906 having operated as soon as the
decoder had transferred to the translated office
code to the sender. Relay 5152 upon operating
prepares a circuit from ground at its right con-
tact over the outer right front contact of start
relay 4701, conductor 4733, cuter right front con-
tact of relay 4208, inner right back contact of
relay 4206, conductor 4267 tc battery through
the winding of relay 4734. This circuit is com-
pleted at the same time that the key release sig-
nal is transmitted. Relay 4734 as previously de-
seribed shunts the right winding of relay 4300

thereby reducing the resistance of the circuit
previously traced through the winding of mar-
ginal relay 1201 so that that relay operates, lock-
ing over its inner left contact as previously de-
scribed.

In the test circuit the key release signal after
in interval measured by the releasing times of
slow relays 2408 and 2415 advances sequence
switch 1300 to position 7. The reorder signal
should be received during this interval. If re-
lay 1201 does not operate before sequence switch
1300 is advanced to position 7 by the completion
of the setting of the sender, a circuit is closed
from battery through the winding of relay 1204,
inner right cperated contact of key 2017, back
contact of relay 1201 to ground at the upper left
contact of cam 1310. Relay 1204 locks over its
inner left contacts to ground on conductor 1336
and supplies ground over its outer right contact
for advancing sequence switch 1300 to position
8, where the operating circuit of relay 1201 is
opened and the circuit for advancing sequence
switch 1300 is opened at the contact of relay 1204.
Lamp 2812 is lighted as previously described.

If functioning properly, following the reorder
gsignal the sender connects high tesistance
ground to the windings of relays 1200 and 1201
so that relay 1200 releases closing a. circuit from
ground at the back contact of relay 2329, left
back contact of relay 1200, inner left operated
contact of key 2017, upper right contact of cam
1326 to the winding of sequence switch magnet
1300 and battery advancing the sequence switch
to position 8 where, with the relay 1201 operated,
it is advanced to position 9.

Cperator’s errors—Tandem district selector

For the second type of operator’s error test
call, key 2011 is operated, advancing sequence
switch 3700 to position 15. In addition the no-
district key 1405, the skip office key 1425 and
trunk class key 2304 are operated. With key
2011 operated a circuit is closed from battery,
conductor 1340, winding of relay 1902, to ground
at the inner left contact of key 2011. Relay 1902
closes a circuit from battery on conductor 1340,
winding of relay 1804 to ground at the inner
right contact of relay 1902. Relay 1804 opens
the circuit of relay 2001, advances sequence switch
1300 to position 6, skipping the positions for
transmitting the code digits, and prepares the
circuit for relay 2607 as previously described.
Keys 2011, 1425 and 1405 also provide circuits
for operating and locking relays 3608 and 3609
and advancing sequence switch 3300 to position
6 where it awaits trunk test. The numerical
digits are transmitted in position 6 of sequence
switch 1300 which moves to position 7 following
the key release signal from the sender. Since
sequence switch 3700 is in position 15, when se-
quence switch 1300 reaches position 7 a circuit
is closed from battery through the winding of
relay 1910, left contacts of cam 1307 to ground
at the lower left contact of cam 3721. Relay 1910
locks over its left contact to ground at the upper
right contact of cam 1316 and connects ground
through resistance 1808 to conductor 1766 as a
release signal, operating relay 5244.

Since the sender is prepared to receive a com-
plete designation, the transmission of the nu-
merical designation followed by the start com-
bination, results in the operation of relays 4406
and 4407 which operate and lock after the start
combination is removed. When start relay 4701
operates in response to the key release signal,
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relay 4900 releases. Relay 4900 is slow to release
to prevent false operation of relays 4508 and 4511
by holding the circuit open until after relay 4405
releases. With relay 4511 not operated, reiay
5106 operated due to the operation of relay 4702,
relay 4208 operated and relay 4206 released due
to the operation of start relay 4701, a circuit is
established from battery, winding of relay 4734,
conductor 4267, inner right back contact of relay
4206, outer right front contact of relay 4208, con-
ductor 4733, right back contact of reiay 4828,
conductor 45386, right back contact of relay 4511,
conductor 4538, right contact of relay 4921, which
releases following the release of relay 4900, con-~
ductor 4920, inner left back contact of class reg-
ister relay 5205, conductor 5054, upper contact of
cam 5006, conductor 5007, to ground at the outer
right front contact of relay 5106. Relay 4734
in the manner previously described closes the
shunt around the right winding of relay 4300,
thus causing relay 1201 fo operate to indicate
that the reorder signal has been transmitted.
The operation of relay 5244 causes the operation
of relays 5204 and 5237 in the manner previcus-
1y described. These relays prepare the call in-
dicator pulsing circuit to send out zeros consti-
tuted by the transmission of light negative im-
pulses only. The further completion of the test
is the same as for released call indicator calls
through a two-wire office selector, except that,
since relay 1902 is operated, the circiut for ad-
vancing sequence switch 1300 out of positicn 8
extends over the back contact of relay 1204, back
contact of relay 1203, inner right front contact
of relay 1201, outer left front contact of relay

1902, conductor 1911, to ground at the lower

contact of cam 3704.
Opémtor’s errors—Incoming selector

The third type of operator’s error test call is
that which simulates a call over a trunk to an
incoming selector where & stations digit is trans-
mitted. For this call key 2006 is operated as well
as keys 2317, 1405 and 1425 and some stations
key other than zero, for example, key 942, Se-
quence switch 1300 is advanced to position 6 as
in other classes of calls where no code is dialed.
In this position four numerical digits and. a sta-
tions digit are transmitted to the sender which
recognizes an error when it receives the fifth
digit with the trunk indication showing an in-
coming selector. -Sequence switch 3800 is ad-
vanced to position 6 by the no-district and skip
office keys 1405 and 1425 and makes trunk test
when the sender has advanced to incoming trunk
test position. Sequence switch 3800 is advanced
to position 15 from position 7 by ground through
key 2006 and applies reverse battery to the sender.

In the sender since more than the four digits
necessary are transmitted, the start combination
is not registered on the stations regisfer relays,
consequently relay 4515 is nobt operated. Since
for this type of call the trunk class register relay
4700 is operated and in turn operates relay 4702,
then when relay 4511 operates in response to
the reception of the extra digit, a circuit is estab-
lished from ground at the right back contact of
relay 4705, outer left front contact of relay 4702,
conductor 4736, left back contact of relay 4515,
right front contact of relay 4511, conductor 4536,
right back contact of relay 4828, conductor 4733,
outer right front contact of relay 4208, right back
contact of relay 4206, relay 4208 having operated
and released relay 4206 due to the operation of
start relay 4701, conductor 4267 to battery
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through the winding of relay 4734. Relay 4734
operates to shunt the right winding of relay 4300
thus causing relay 1201 to operate. Following
the reverse battery closure in the sender, the
test circuit and the sender are advanced to
normal in the manner previously described.

Other special tests may be made in combina-
tion with appropriate test calls.

SpECIAL TESTS
Tests of coin features

Neither of the senders shown is a coin sender,
but the test circuit is capable of testing such send~
ers. Coin senders are identified by the connection
of relay 708 over the normal contact of key 703 to
the terminal or terminals of master selector brush
1704 which corresponds to the sender selectors
having access tc coin senders. Therefore relay
708 is normally operated whenever the test cir-
cuit is connected to a coin sender. With relay
708 operated the ground which advanced the se-
quence switch 209 from position 13 is opened at
the left contact of relay 708, and when sequence
switeh 200 arrives in position 13, sequence switch
3800 wzits in position 14 or sequence switch 3300
waits in position 6 for coin test. With the class
sequence switch 3700 in positions 2 to 7, 9 or 14 to
18, and sequence switch 200 in positions 13 and
14, ground through one thousand ohms is con-
nected through resistance 3725, right contacts
of cams 3712, conductor 3731, inner left front
contact of relay 708, left contacts of cam 221 to
the dial tip conductor so that the sender makes a
preliminary coin test and proceeds without any
delay.

With sequence switch 3700 in position 1 or po-
sition 13 and key 2817 normal, a circuit is closed
for relay 719 from ground over the lower left con-
tact of cam 212 through the winding of relay 719,
resistances 726, 725 and 724, left normal contact
of relay 718, conductor 735, lower contacts of cam
3713, conductor 3731, inner left front contact of
relay 708, left contacts of cam 221 to the dialing
tip conductor so that relay 719 operates when the
sender connects one hundred and ten volt coin
battery to that conductor. No operation results
in the sender. Relay 719 in operating extends
ground over its left front contact to the winding
of relay 720, which locks over its inner right front
contact to ground at the lower left contact of
cam 212. Relay 720 prepares a circuit from bat-
tery under the control of key 2700 through the
coin lamp 236 to ground at the middle left con~
tact of relay 720. Ground is also connected from
the lower left contact of cam 212 to interrupter
713 which controls relays 709 and 710 and
through. them relays 714 and 715. With relay
720 operated, ground through resistances 725 and

‘724 is connhected to the tip conductor as a non-

operate test of the coin test relay of the sender.
The first closure of interrupter 713 operates re-
lay 709 in the following open period, relay 710.
The next closure releases relay 709 and operates
relay 714 while the following open period releases
relay 710 and operates relay 715. The third clo-
sure reoperates relay 709 and the following open
period reoperates relay 710. The fourth closure
releases relays 709 and 714 and operates relay
721 in a circuit which may be traced from bat-
tery through the winding of that relay, lower
right and upper left contacts of cam 3717, con-
ductor 3730, back contact of relay 311, right

‘front contact of relay 715, right back contact of

relay 714 to ground at the back contact of relay
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302. The operation of relay 721 closes a circuit
from battery through the winding of sequence
switch magnet 200, upper left contact of cam 201,
outer right front contact of relay 721, to ground
at the left back contact of relay 317, advancing
sequence switch 200 to position 14. In this po-
sition ground is connected over the middle right
contact of relay 721 and the back contact of re-
lay 722 to resistance 724 reducing the resistance
in circuit with the tip test relay of the sender to
approximately 2000 chms making an operate
test of that relay. If the relay operates falsely
during the non-operate test, the advance of the
sender to trunk closure or final units selection op-
erates relay 317 over & circuit which may be
traced from battery through the winding of that
relay, back contact of relay 722, front contact
of relay 708, back contact of relay 721, conductor
730, lower right and upper left contacts of cam
3813 to ground over the front contact of relay
3004, relay 3004 operating in the fundamental
circuit. With relay 317 operated, the ground
used for advancing the seguence switch is opened
at the back contact of relay 317 and the call is

5 blocked. The same functions of the sender,

after the operation of relay 721 has applied the
operate test, result in the advance to check sta-
tions relay of final units selection.

Coin senders are also provided with a relay
which serves to detect a direct ground connected
to the calling line which is known as the solid
ground test relay. In order to make a non-oper-
ate test of this relay, keys 705 and 702 are op-
erated. Relay 708 is operated as previously de-

5. scribed and relay 718 connected to the tip con-

ductor which operates when the sender connects
one hundred and ten volt coin test battery to
the tip conductor in turn operating relay 729 as
described. With key 702 operated the operation

- of relay 720 closes a circuit from battery through

the winding of relay 718, inner left front contact
of relay 720, inner right opsrated contact of
key 702 to ground at the contact of brush 1704.
Relay 718 closes a circuit from ground at its
right front contact over the left operated con-
tact of key 702 to the winding of relay 722 and
battery. With relay 718 operated, the tip con-
ductor is transferred from relay 719 over the
front contact of relay 718, risht operated con-
tact of key 792, resistance 734, to ground. Re-
sistance 734 has approximately 500 ochm resist-
ance. At the same time resistances 731 and 732
are included in the circuit due to the operation of
maximum line key 705. The operation of re-
lay 722 transfers the circuit controlled by re-
lay 3004 to the winding of relay 723. Therefore
if the sender advances to final units selection or
trunk closure operating relay 3004, relay 723 op-
erates and locks. If the sender operates falsely,
when relay 721 operates, relay 3102 is operated in
a circuit from battery through its right winding,
conductor 3115, back contact of relay 723, front
confact of relay 722, middle right front contact
of relay 721, to ground at the lower left con-
tact of cam 212. Relay 3102 locks to off-normal
ground and cperates relay 612 which opens the
trunk test circuit and blocks the call. If is is de-
sired to make an operate test of the solid ground
relay of the sender, keys 705 and 701 are operated
and relays 719 and 720 operate as above described.
Key 701 closes a circuit over its outer right con-
tact in parallel with the inner right contact of
key 702 for the operation of relay 718. With
relay 720 operated, the tip conductor is extended
over the left contacts of cam 221, inner left

585
front contact of relay 708, conductor 3731, lower
contacts of cam 3713, conductor 735, left front
contact of relay 718, to ground at the outer right
normal contact of key 702, This same ground
may be traced to the ring conductor over the
contact of key 702, front contact of relay 718,
conductor 735, cam 3713, conductor 3731, inner
left front contact of relay 708, left contacts of cam
221, back contact of relay 315, resistance 731,
left operated contact of key 705, upper right and
lower left contacts of cam 204, to the ring con-
ductor as previously traced. This low resistance
ground should prevent the advance of the sender
and relays 708, 710, 714 and 715 function as
above described to measure off a time interval
after which relay 721 is operated disconnecting
the blocking ground and advancing sequence
switch 200 to position 14. If the solid ground
test relay should fail so that the sender does
advance for trunk closure, relay 317 would op-
erate preventing the advance of the test. The
lead to the class switch which is normally closed
at this time is now opened at key 701 and the
sender should release connecting ground to the
circuit of relays 3103 and 2402 thereby operating
relay 2402 which advances sequence switch 200
and the test circuit to the next sender. If relay
2402 operates before the release, which follows
the operation of relay 721, relay 714 is shunted
preventing the operation of relay 721 and again
blecking the test.

Timed release tests—Omne digit dialed

Pig. 6 is especially adapted for use in con-
nection with senders of the type which attempt
to release after a time interval. If, when testing
such a sender, the sender fails, the test circuit
will indicate a failure by remaining in con-
nection with that sender with the time alarm
lamp lighted. The sender may then be retested
with the timed release feature disabled in order
to locate the trouble which caused the test cir-
cuit to block. Xey 2817 can not be used dur-
ing such a test. The following tests are required
to check the timed release feature and will in-
dicate premafure and dslayed operations as
closely as permitted by the variation between
sender and test circuit interrupters. The opera-
tion for a permanent signal test call has been de-
scribed heretofore.

The operation of the sender in response to
partial dialing, for example, when only one
digit has been dialed, may be tested by opera-
tion of key 617 while the class key 1465 is oper-
ated to advance sequence switch 3700 to position
5. In this class the test circuit does not send
reverse battery to the sender and the sender
should control talking selection for talking to an
operator and therefore talking selection key 1552
should be operated. A first code digit other than
zero or one is used and switch 200 advances to
position 14, following the dialing of this digit
under the control of key 1465. When sequence
switch 200 reaches position 7, it advances se-
guence switch 3800 to position 2 where it awaits
the closure of the fundamental tip in the sender
for district brush selection. The keys should be
set to check the same district selections as for
the permanent signal call. Relay 610 is operated
over the inner upper contact of key 617 to ground
at the lower right contact of cam 211 and starts
the time count as described for the permanent
signal test call.

In the sender the timing sequence switch 5500
is advanced to position 2 in the usual manner.
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The receipt of the first digit operates relay 5601
which advances switch 5500 to position 4. Re-
lays 5525, 5528 and 5529 advance sequence switch
5500 to position 5 where a tone is connected to
the dialing circuit as a release signal to the sub-
scriber. The timing circuit continues to function
and advances switch 5500 to position 6 where the
partial dialing meter 5523 is operated and switch
5508 is advanced to position 11, Yn positions 6
and 7 the psrmanent signal relay 5425 is oper-
ated, resulting in the same operations as de-
seribed for the permanent signal test call. If
sequence switch 3800 advances prematurely due
to faulty operation of the timing circuit and
reaches position 13 before switch 600 has ad-
vanced beyond terminal 4, relay 3102 operates
over a circuit which may be traced over conductor
3115, upper contact of key 617, brush 605, over
the first four terminals of that brush fo ground
over conductor 3845 and the upper right and
lower left contacts of cam 3812, while if selec-
tions are delayed and sequence switch 3800 has
not gotten beyond position 3, when switch 600
reaches position 11, the relay 3102 operates over
brush 605 in position 11, to ground over conduc-
tor 3846 and the left contacts of cam 3812. If
these time limits are met, the call is completed as
an operator call.

Timed release—Three digits dialed

For partially dialing where three digits have
been dialed, key 614 is operated, key 1466 is
operated advancing sequence switch 3760 to posi-
tion 6 and a full selector code not involving
distant office selections is set up. Any numerical
digits may be used for the purpecse of closing
the normal checking path. In the sender, switch
5500 is advanced to position 4 by the receipt of
the first digit. Since three digits are dialed, the
decoder functions and district and office selec~
tions are made. Switch 5500 is advanced fo posi~
tion 5 after ten seconds and through positions
6 and 7 in about two seconds and then directly
to position 11. In positions 11 and 12 a thirty
second interval is measured and in position 13,
relay 5529 shunts the winding of relay 6006, con-
necting low resistance to conductor 5445 as a
reiease signal. Ground on conductor 5445 oper-
ates relays 2402, 2411 and 609, since key 614 is
operated. If at the time this five ohmn ground is

" applied, switch 600 has not advanced beyond ter-

minal 4, ground over the inner left contact oi
relay 809 operates relay 3102 over the first four
terminals of brush 603 and the outer lower con~
tact of key 614 to indicate a premature closure of
the five ohm ground. If relay 2402 has not op-
erated when switch 600 reaches position 11,
ground -from the back contact of relay 2402 is
extended over conductor 2931 and brush 603 to
the winding of relay 3102. Ground from relay
609 advances sequence switch 200 beyond posi-
tion 15 over terminals 6 to 10 of brush 602 and
the back contact of relay 612. The sender con-
nects battery to conductor 5445 in the manner
previously described advancing seguence switch
2090 to position 18, releasing relay 3103 which
results in the advance of sequence switch 5800
to position 17. Restoration to normal takes place
as on other calls.

Timed release—Stuck sender-—No distant office
selector

An additional type of test is one simulating a
stuck sender where no distant office selector is
used. For this a full mechanical call is set up,
class key 1561 being operated to position class
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sequence switch 370G in position 1 and key 615 is
operated. A test call simulating a call indicator
call where complete synchronized dialing is used
may also be employed. Following the dialing of
all the digits, relay 610 operates, and relay 611
operates in position 6 of sequence switch 200 and
remains operated to position 17. Relay 611 opens
the reverse battery path on a full selector test or
the trunk test circuit on a call indicator test and
causes the sender to fail. A sender should con-
nect five ohm ground to conductor 5445 in forty
to sixty seconds very much as described for the
previous test. Premature closure of this ground
is checked by closure of ground from the front
contact of relay 2402 over key 701 and the front
contact of relay 611 to the normal and the first
nine terminals of brush 606 which results in the
operation of relay 3102. In fifty to seventy sec-
onds the sender connects high resistance ground
to conductor 5445. If this high resistance ground
is prematurely connected, it is checked by clo-
sure of ground from the inner right contact of
relay 613 to terminal 10 of brush 608 which is
connected over the outer lower contact of key
815, to the winding of relay 3102. If the five
ohm ground has not been applied before switch
690 reaches terminal 17, ground from the back
contact of relay 2402 is connected over brush
606 in position 17 and the outer lower contact
of key 615 to the winding of relay 3102. Relay
613 closes a path over its left front contact, brush
602 in positions 12 to 17, back contact of relay
612, to the lower right contact of cam 219 to
advance sequence- switch 200 beyond position
15. 1If sequence switch 200 is in positions 3 to
15, when switch 600 reaches terminal 19, ground
over the upper left contact of cam 211 is con-
nected over terminal 19 and brush 606 and outer
lower contact of key 615 to the winding of relay
3102, while, if relay 610 is not releassed, by the
time brush 606 reaches terminal 20, a circuit is
established for relay 3102 over the inner right
front contact of relay 619.

Timed release—Stuck sender—Distant office
selector

Where a distant office selector is included in
the outgoing trunk, a sender which becomes stuck
adds forty seconds to the usual releasing time for
a stuck sender. Therefore an additional test
condition is necessary for the test circuit. For
this purpose, sequence switch 3700 is set either
in position 1 or 13 by the operation of the proper
class key and key 818 is operated. Relay 611 op-
erates over contact of key 618, when sequence
switch 200 reaches position 6, in parallel with re-
lay 619 which has no function at the present
time. Relay 811 performs the same functions as
in the previous test. Relay 610 operates and
starts the time count when seguence switch 200
reaches position 13. The sender connects low
resistance ground to conductor 5445 in 80 to 100
seconds. Premature closure of this ground is
checked by a circuit from the front contact of
relay 2402 over the left front contact of relay
611 to terminals normal to 9 of brush 606, and the
inner lower contact of key 618. After 90 to 110
seconds the sender attempts to release by plac-
ing high resistance on conductor 5445, Prema-
ture functioning of this circuit is disclosed by a
circuit from the front contact of relay 613 and
brush 606 in position 10. If relay 2402 has not
operated, when switch 600 reaches position 17,
ground from the back contact of relay 2402 and
terminal 17 of brush 606 causes the operation. of

80

85

90

95

100

105

110

115

120

125

130

138

140

145

150



10

15

20

25

30

40

86

75

1,958,835

blocking. relay 3102. The release of relay 3103
and the operation of relay 613 advance sequence
switch 200 beyond position 15 through the ter-
minals 12 to 17 of brush 602 while the comple-
tion of the test checks over terminal 20 of brush
606.

When the sender attempts to disconnect, a re-
lease tone is connected to the tip and ring con-
ductors and the test man may test for this tone
with .key 705 operated. The operation of relay
610 connects receiver 307 between the tip and
ring conductors at its outer left front. contact so
that the test man may listen for the tone by using
the receiver 307.

Tests of synchronization

Synchronizing tests are provided for the pur-
pose of checking the operation of synchronizing
relays in the sender. For example, in the full
mechanical sender, the fundamental circuit for a
particular selection can not. be established un-
less the designation covering that selection has
been received. Relay 317 is provided in the test
circuit which opens the path for advancing. se-
quence switch. 200, opens the path for operating
the stations. delay feature of Fig. 29, lighting
lamp 314, and by blocking the test permits the
trouble meter 1626, and the blocking relay 3102
to: operate under the control of the time alarm.
The circuit of relay 317 is carried over the back
contact. of relay 318 so that it will not operate
with relay 318 operated. Relay 318 operates un-
der the control of relay 316 during the dialing of
the digits in classes 1 to 9 and also class 16, while
dialing units in. all regular call indicator calls
when the number dialed is below ten thousand

or while dialing tens in all regular call indicator

calls when the number dialed is above ten thou-

sand. When operated in any of the above classes,.

relay 318 locks to ground at sequence switch 3800
in positions 6 to 8, 9 to 10, 12. and 14 and also
to ground at sequence switch 3300 in positions 6
to 9. 'The operation of this relay prevents the
operation of relay 317 between the dialing of the
digits, but the path for operating relay 317 is
closed, irrespective of the position of relay 318,
while the pull-up relay 315 is operated during
the dialing of each digit. The relay 317 may op-
erate from any of the following causes: During
the dialing of each digit' if relay 3004 operates
in any position from incoming test to final units
inclusive with the class switch in positions 1, 3,
8 or 9; during coin test if relay 3004 operates for
the final units check or relay 3607 operates for
eall indicator trunk closure before relay 721 has
opearted. As the class ground for a full mechan-
jeal eall is not available for dialing the thousands
digits until switch 3800 has arrived in position
6, for dialing the hundreds digit until position 9,
for dialing the tens digit until switch 3800 has ar-
rived in position 11 or for dialing units until it
has arrived in position 13, it is apparent that
the operation. of relay 3004 during dialing indi-
cates a false advance of the sender. The same

7 econditions would apply if relay 317 operates dur-

ing final units or call:indicator trunk test before
the coin test is completed.

Test for slow call indicator pulses

In order to determine whether the call indi-
cator impulses. are being transmitied at the
proper rate, a direct call indicator test call is
set up. With sequence switch 3300 in position 9;
relay 2916 is operated and ground is connected to
interrupter 2913 over the lower right contact of

57
eam. 3320, and relays 2906 and 2912 are operated

under the control of the interrupter to start a
time count when assignment has been. com-

pleted. If relay 2819 is not operated, showing.

that the final heavy positive pulse or last nega-

tive pulse has been received, within two and: a-

half seconds, relay 2905 is: operated blocking the
test and lighting lamp. 2808.

Test of registration transfer relays

A special test.of the decoder type senders-is pos--
sible with the class sequence, switch 3700 in posi-
tion 3. For this test, key 3000 must be operated.
This cancel synchronizing key 3000, when operat-

ed, cancels the synchronizing check by the test

circuit and permits the numerical digits: to be
transmitted before any selections: are checked.
The purpose of this test is to detect crossed con-
tacts in decoder type senders on the relays which
transfer the numerical registration such as re-
lays 6201, 6202, 6203 and 6301 to the selection
registers for incoming or final selections. A
crossed contact results in the premature opera-
ation of a selection register relay thereby caus-
ing a wrong district or office selection, in the
subscriber’s sender. The cancel synchronizing
key 3000 performs the following functions. It
connects ground to the conductors 244, 253 and
258 to-operate pull-up relay 315. in the several po-
sitions of sequence switch: 200 so that the code
and thousands, hundreds, tens and units may be’
dialed before any selections are checked. Itcon-
nects ground over conductor 3034 to the lower
right contact of cam 1318, to- move sequence
switch 1300 out of position 5 where district and:
office selections are normally checked so that all
digits may be transmitted on a key pulsing call
before: any selections are checked. It opens the
circuit of relay 317 and it transfers the circuits
for advancing sequence switches 3800 and 3300
out of position 1 from cam 217 to-cam 214 so that
the check switches are not started until after the
units digit has been registered:

To detect all crosses on transfer relays which:
might cause wrong numbers, all numerical regis-
ter relays in the sender should be operated, by
using the numbers 3333 and 9999 and district and
office selections such that a cross will cause a
wrong selection. Those contacts of the transfer
relays which synchronize-selections with registra-
tion will be detected when the cancel synchroniz--
ing key is normal. If a cross is present on one of
these contacts, the test circuit will block with
lamp 314 lighted.

Listening test of dial tone

If the tester wishes to test the intensity of the
dial tone given to the- subscriber by the sender,.
the- dial tone key 319 is operated: at the start of
the test. Relay 305 operates over the. right op-
erated contact of key 319 to ground at the lower
left contact of cam 1608, with sequence switch
1600 in positions 3 and 4 and locks over its in-
ner right front contact, contact of key 303, up-
per left and lower right contacts of cam 220,
conductor 237, left contacts of cam 1666:to ground
at. the upper right contact of cam 1608 thereby

remaining operated when sequence switch- 1600-

arrives in the cut-through- position 5. When a
repeat test is being made; relay-305 operates over
the left operated contact of key 319, lower'con-
tacts of cam 220 to- conductor 237, as sequence
switch 200 passes through positions 1734 to.18%.
When the dialing circuit. is established through

relay 306 in the manner previously deseribed, that ‘
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relay connects ground to the armature of relay
305 as previously traced, but since relay 305 is
operated, it extends this ground through lamp
308 to battery through resistance 2701 thus in-
forming the test man that the dialing circuit has
been ciosed and dial tone is to be expected. With
relay 305 operated, receiver 307 is connected in
parallel with relay 308 over the front contact of
relay 305 through receiver 307, and back con-
tact of relay 610, and the operator may there-
fore listen to determine the quality and strength
of the dial tone. XKey 303 is then momentarily
operated to release relay 305, after which the
ground from the front contact of relay 306 is
extended over the back contact of relay 305 to the
lower ‘left contact of cam 201 and the winding
of sequence switch magnet 200 in the usual man-
ner to advance the sequence switch for the reg-
ular test. :

Translation of digit zero to letter “O”
. Because on the dial the digit zero and the letter

“O” appear so much alike and the digit zero is

reserved for an operator call from subscribers, the
call indicator impulser in subscribers’ senders is
arranged to substitute the digit § for the digit
zero as the second or third digit of the code,
while the operator’s sender does not. Relays 402
and 403 are operated during the test of an oper-
ator’s sender from battery cver the upper con-

" tacts of cam 1303 to ground over the inner con-

tact of either the zero B code key or the zero C
code key depending on which one is made zero.
It will also be remaembered that when & two digit
code is recorded in the sender, the relays of the
B registers remain unoperated so that in trans-
mitting the call indicator code, the code for zero
is transmitted for the B digit. The functions of
relays 402 and 403 and key 404 will be more

clearly understood by tracing the checking path .

for the B code digit. This circuit starts from
battery through the winding of relay 2712, con-
ductor 2713, right back contact of relay 2411,
conductor 2434, upper right and lower left con-
tacts of cam 3311, to the left armature of relay
3414 of the B register. This relay will be oper-
ated if the digit 6 is recorded but unoperated if
the digit zero is recorded. 'The circuit from the
back contact of the relay extends to the outer
right front contact of relay 403 and the inner
upper right normal contact of key 404, there-
fore, if the key 404 is normal indicating that no
B digit was transtitied, the circuit will continue
over the normal contact of that key, right oper-
ated contact of the zero B key 510, over the inner
lower normal contact of key 404 to the zero
checking conductor 4050, over the outer left back
contact of relay 505, and thence over the back
contacts of relays 3411, 3412 and 3413 to ground
over the lower left and upper right contacts of
cam 3314, If relay 403 is operated, indicating
that we are dealing with a key pulsing sender
which does not make this translation, the circuit
extends over the outer left contact of relay 403,
inner operated contact of relay 404, contact of
zero B key 510, lower operated contact of key
404, inner left front contact of relay 403, 1o the
back contact of relay 505 and conductor 4650 so
that the digit zero is again checked. 'The check-
ing circuit from the front contact of relay 3414
extends to the left normal contact of relay 403.
Since this translation is not made with key puls-
ing senders, this checking circuit will therefore be
opened if this relay is operated and the digit 6 is
received. 'The circuit extends from the back con-
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tact of relay 403, operated contacts of keys 404
and 510 as traced, back to the inner left back
contact of relay 403 and thence over the normal
contact of relay 515 to conductor 4051 which ex-
tends over the front contact of relay 3411 and the
back contacts of relays 3412 and 3413 to ground
over cam 3314 as previously traced. Key 404 is
not involved in the translation of the C digit,
but relays 402 and 403 serve to transfer the
checking circuit for this digit in a similar man-
ner. Key 404 also transfers the path by which
the Iamp indicating the digit received is lighted.
The operation of the sender in response to a two
digit code is clearly set forth in both of the pat-
ents above referred to.

Crossed counting relay contacts

A cross between the contacis of a second or
prime counting relay, a short-circuit around the
protection of the stepping relay or a high resist-
ance in -the stepping relay contact leads will
operate more than one pair of counting relays in
the sender if the reverting pulse is sufficiently
long. Since the normal pulsing rate of the test
circuit is at a maximum speed, the test circuit
will not always detect such a trouble. Slow re-
vertive pulses are therefore furnished when key
3019 is operated. With the test sequence switch
in a position for a full mechanical test, that is,
position 1, and sequence switch 3800 in positions
6 to 16 in which numerical selections are checked,
a circuit is closed from. battery over. the upper
right contact of cam 3703, winding of relay 3018,
contact of key 3018, to ground over the upper
right contact of cam 3803, relay 3018 connecting
ground from cam 3803 over its inner right con-
tact, back contacts of relays 3015 and 3016 to the
lower terminals of the windings of relay 3011.
Battery is connected to the upper terminals of
the windings of relays 3011, through resistance
3010, conductor 623, over the upper right contact
of cam 1614 and battery is also connected over
the lower contacts of cam1614and resistance 3013
to the lower terminals of the windings of relay
3011, but is now shunted by the ground connected
thereto by relay 3018. Relay 3011 is both differ-
entially wound and polarized. Relay 3011 oper-
ates in the above traced circuit closing a circuit
from battery through the windings of relays 3015
and 3016 in parallel, contact of relay 3011, over
the inner right front contact of relay 3018 to
ground at cam 3803. With both relays 3015 and
3016 operated, the ground connected to the lower
side of the windings of relay 3011 is opened and
ground is connected to the upper side of relay
3011, over the right front contacts of relays 3015
and 3016 and the inner right contact of relay
3018 from cam 3803. Relays 3016 and 3015 in
cooperation with relay 3018 simultaneously

ground the local counting relay circuit and the-

fundamental circuit in a manner similar to the
cperation of interrupters 2419 and 3017. The
connection of ground to the opposite sides of the
windings of polarized relay 3011 causes the charge
and discharge of condenser 3014 to delay both
the operation and the release of relay 3011.

Step-by-siep dicling and checking
To permit the dialing of one digit at a time, the

dial step-by-step key 700 is left in the operated ;

position before starting the test. This key opens
the operating and shunting path for the pull-
up relay 315 and closes a path from the class
switch 3700 which normally operates the pull-
up relay 315. This ground is used to operate
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and lock relay 313 after relay 312 has operated.
When the tester is ready to dial a digit, the
advance dialing key 704 is operated and released.
The operation of key 704 closes a circuit for relay
312 which is followed by the operation and lock-
ing of relay 312. Relay 313 releases immediately
as a result of the release of key 704.. These
functions first restore the shunting path and
then the operating path of relay 315 which per-
mits the operation of the relay and the dialing
of the digit in the usual manner. The advance
of the dial control switch at the end of the digit,
which is accomplished in the usual manner,
causes the release of relay 313.

In checking the selections step-by-step key
3204 is left in the operated position. This re-
moves ground from the armature of relay 3932
which normally connects ground to the pulsing
interrupters and also advances the test circuit
upon the completion of a satisfactory check. The
operation and release of the step-by-step advance
key 3203 causes the operation of relay 32086 fol-
lowed by the operation of relay 3207 assuming
that the ground which normally controls the
stepping circuit is available, a condition which
will apply unless dialing and checking have
gotten out of step. The operation and release of
key 3203 permits the check of a particular digit
or combination of digits and the release of relays
3206 and 3207 which follows the advance of the
checking switch 3800 will prevent further check
until key 3203 is again operated. The operation
of relays 312 and keys 704 and 700 permit step-
by-step control of both dialing and checking if
keys 700 and 3204 are left operated. No means
is provided for setting the key pulsing switch-
hoard senders on a step-by-step basis.

Time alarm

The time alarm arrangement will next be de-
scribed. When the time alarm key 2267 is in its
normal position, relay 2318 is operated from
ground at the outer upper contact of the start
key 2200, conductor 2212, normal contact of relay

5 2320, winding of relay 2318, left normal contact

of relay 2207, to battery through resistance 2310.
Relay 2318 locks over its inner left front contact,
to conductor 2330, contacts of cam 1304, con-
ductor 1329, right contacts of cam 220, con-
ductor 237, left contacts of cam 1606, to ground
at the upper left contact of cam 1608, or the
upper contact of key 2200. This ground is opened
once during each test at the dialing switch 200,
the key pulsing switch 1300 or the connector
switch 1600, restoring the time alarm circuit to
normal. Relay 2318 in operating connects ground
from the back contact of relay 610, over conduc-
tor 620, left front contact of relay 2310 to inter-
rupter 2319, which, when it closes its left contact,
completes a circuit over the back contact of relay
2325 and the winding of relay 2320 and battery,
relay 2320 lecking over its inner right front contact
to ground cver the contact of relay 2318. When
interrupter 2319 closes its right contact, a circuit
is extended over the front contact on relay 2320,
back contact of relay 2326 to the winding of relay
2325, which also locks under the control of re-
lay 2318.

When relay 2325 operates, it connects ground
over its right front contact and inner left back
contact of relay 2326 to the automatic pass-busy
conductor 2333 for automatically passing busy
senders if key 2324 is operated. Ground con-
nected to conductor 2333, with key 2324 operated,
completes a circuit over the back contact of relay

2307 threugh the winding of the pass-busy meter
2322 to battery over the lower left contact of
cam 1630, operating this meter. Meter 2322 con-~
nects ground over its front contact, to the wind-
ing of relay 2202, advancing the connector switch
to position 8 and preventing the operation of
relays 2205 and 2301. From. position 8 the con-
nector switch advances to test the next sender in
the usual manner. With key 2324 operated the
check of an open test lead is prevented so that
at least a certain number of tests should be made
with the key normal.

Relay 2325 also prepares. a circuit for relay
2326 which operates when interrupter 2319 next
closes its left contact, locking under the joint con-
trol of relays 2320 and 2318. At the second
closure of the right contact of interrupter 2319,
ground is extended over the front contact. of
relays 2320 and 2326 through the winding of
relay 2327, which also locks under the joint con-
trol of relays 2320 and 2318. Relay 2327 in operat-
ing closes a circuit for relay 3102 which locks
with either sequence switch 3800 or 3300 off-
normal, operates the trouble meter 1626 and
sounds an alarm. Relay 3102 will also open the
path which is used to advance the check switches,
and operates.relay 612 which will remove ground
from relays 2403, 2413 to prevent them from
overheating. Whenever the test circuit is ad-
vanced by the operation of control advance key
2208 or by the release of the start key 2200,
blocking relay 3102.is released. The time alarm
period is from one to one and one half minutes.
The alarm circuit may be restored to normal
at any time by operating the time alarm key
2207 which should be left operated until the test
is about to be resumed. The connector switch
cannct be advanced to positions 5 or 14 to test
the next sender until the time alarm key 2207
is restored to normal. This is done to insure
that the time alarm is effective whenever a test
is carried on.

During a permanent signal test the time alarm
is' ineffective since ground is removed from
conductor 620 by the operation of relay 610.
On a test of the sender timing out to send a
reorder signal, thirty seconds is added to the
time alarm period by the operation of relays
2312 and 2313. The circuit of relay 2312 extends
from battery through resistance 2314, winding
and normal contact of relay 2312, conductor 2334,
outer left contact of time-out relay 1903, con-
ductor 2335, back contact of relay 2325 to ground
at the front contact of relay 2325. The operation
of relay 2325 therefore operates relay 2312 which
closes a circuit for relay 2313, but relay 2313 can-
not operate, being shunted by the operating cir-
cuit of relay 2312, With relay 2313 not operated,
and relay 2312 operated, battery through resist-
ance 2310 is connected over the back contact of
relay 2313 and the front contact of relay 2312, to
ground over the lower right contact of cam 3722.
This closure to ground shunts the winding of
the alarm relay 2318 causing it to release and re-
move ground from the interrupter 2319 and the
locking circuits of relays 2320, 2321, 2325, 2326
and 2327 thereby releasing these relays pre-
paring them for reoperation.

Group keys

A group key such as key 2306 is always pro-
vided for the senders which are tested imme-
diately before the key pulsing switchboard send-
ers, as well as different groups of senders which
require the depression of different keys to- estab-
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lish a different route for the same code or when
a, different test is applied for the same code.

Restoration of start key

If the start key 2200 is restored to normal dur-
ing a test, sequence switch 260 advances to posi-
tion 16 in the manner described, from where the
test continues in the usual manner for the pur-
pose of checking the restoration of the sender
to normal. If key 22060 is restored while the
circuit is standing on a busy sender, relay 2202
operates in a circuit over the lower right and up-
per left contacts of cam 1613, inner lower nor-
mal contact of key 2200, back contact of relay
2204, back contact of relay 2203, to ground over
the lowsr right contact of cam 1612. Relay 2202
advances the test circuit in the same manner
as when the control advance key 2208 is operated.
Relay 2318 releases when sequence switch 1600
advances from position § or 18 and the operated
time alarm relays release. The master and send-
er selectors remain on the terminals last tested
and switches 1100 and 1800 and 3700 also remain
in their last positions as determined by the keys.
To restore the master and sender selectors to
normal, it is necessary to operate particular cir-
cuit key 2216 and advance the senders by the
operation and release of the corresponding keys
1768, 1718 and 1728,

Manual conirol of advance

The advance of the test circuit may be con-
trolled from & distance by the operation of relay
2202. This relay may be operated by the opera-
tion of key 2208 with seguence switch 1600 in
positions 2 to 9 or 11 to 18, that is, whenever
it is off-normal, if key 2200 is operated and relays
92084 and 2203 are normal. It may also be oper-
ated by the operation of the pass-busy meter 2322,
with seguence switch 1600 in position 2 or 11, if
ground is connected to that meter over the auto-
matic pass-busy lead 2333. Also relay 2202 may
be operated from ground connected to the ring
of the remote control jack 2309 if the repeat key
2300 is operated.. When operated, relay 2202
locks through positions 2 to 7 -or 11 to 16 of
sequence switeh 1800 and positions 2 to 8 or 11 to
17 of sequence switch 1300 and advances sequence
switch 1630 to position 8 or 17 and sequence switch

- 1300 to position 9 or 18. If the operating ground

has been removed, the release of relay 2202 in
nogition 8 or 17 advances sequence switch 1600
t0 position 9 or 18 from where the test pro-
ceeds in the usual manner. The operation
of relay 2202 prevents the operation of the com-
plete test meter 2303 in position 6 or 156 and
the operation of relays 2205 and 2301 in posi-
tions 3 to b or 12 to 14 of sequence switch 1600.
The latter feature prevents possible interizsrence
with a sender that may become idle just after the
pass-busy meter has operated relay 2202.

Repeat tests

Repeat key 2300 is provided to permit repeat-
ing tests on the same sender. With key 2300
operated, the normal checking path which was
traced for advancing sequence switch 1600 from
positicn 5 and is closed in pesition 18 of se-
guerice switch 209 and § or 18 of sequence switch
1300 is transferred from the lower left contact
of cam 1603 to the armatures of relays 2323 or
2329, This permits the operation of relay 2201
without advauncing sequence switch 16G0 from
position 5. With key 2300 operated, also, the
operation of the control advance key 2208 causes

1,958,835

the operation of relay 2206 preventing the op-
eration of the sender selector to advance to the
next sender as would normally take place when
key 2208 is operated. The operation of key
2300 also connects the ring of the remote con-
trol jack 2309 through the winding of relay
5206. Relay 2206 operates relay 2321 which in
turn operates relay 2228 and prevents the ad-
vance of sequence switch 1300 from position 9
or 18. While testing with key 2300 operated,
when sequence switch 200 enters position 18, a
path is closed through the normal positions of
sequence switches 3800 and 3300 and the thou-
sands and hundreds registers 1100 and 1000 pre-
venting the succeeding tests if the switches are
not in the corrvect positions. When switch 200
advances from position 18, or switch 1309 from
position 9, relays 2205 and 2801 release opening
the leads to the sender with the exception of
the test lead. This follows the operation, in
connection with subscriber’s senders, of relay
310 from the 270 ohms battery which is connected
to the winding of that relay from the sender.
Relay 2829 or relays 2209 and 2323, which re-
main connected to the test lead operate as soon
as the sender returns to normal from the test
battery on the test lead. This results in the
operation of relays 2201, 2205 and 2301 which
leck and permit the starting of the next test.
A path is established for the operation of mefer
2516 which records the repetition of gingle tests,
while sequence switch 200 is passing through
positions 3 to 5 or, in connection with a key
pulsing sender test, while sequence switch 1300
is passing through positions 3 to 5 or 12 to 14.

Meters

A number of meters are provided to record
the various operations of the test circuit. The
repeat single iest meter 2316 is effective only
with the repeat key operated and is operated
each time the dial control sequence switch 200
advances through positions 3 to 5 or the key
pulsing switch 1300 advances through positions
3 to 5 or 12 to 14. 'This register records the
number of times the particular test is com-
pleted. The circuits tested meter 2303 operates
through the winding of relay 2302, lower left
and upper right contacts of cam 1613, over the
left back contact of relay 2202, inner lower right
operated contact of key 2200, right back contact
of relay 2204, inner right back contact of relay
2203 to ground over the lower right contact of
cam 1612, These relays prevent false operation
of the register if the test-is being rechecked
after a trouble or at the end of the cycle or
when the sender or master selectors are being ad-
vanced. This register records the number of
circuits tested. The trouble meter 1628 cperates
each time that relay 2327 operates. Sequence
switch 1600 in this case is in a trouble test po-
sition and not ‘in & busy test position. This
register records usually the number of troubles
encountered. The pass-busy meter 2322 is op-
erated each time that relay 2325 operates con-
necting ground to conductor 2333, if sequence
switch 1600 is in position 2 or 11 and the auto-
matic pass-busy key 2324 is operated, that is,
it records the number of busy senders which are
passed without being tested. These senders may
be made busy by a make-busy-plug or they may
he busy because of trouble, Normally, because
of the length of time reguired to ground the
sutomatic pass-busy conductor 2333, they will
not be senders engaged in establishing a sub-
scriber’s call,
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‘What is claimed is:

1. In a telephone system, register senders hav-
ing registers adapted to be positioned by dial
pulses, other register senders having registers
adapted to be positioned by code pulses, means
in all of said senders for controlling selections
in response to revertive pulses, means in all of
said senders to transmit designations by means
of code pulses, a testing device, means for asso-
ciating said testing device with a sender to be
tested, means in said testing device for trans-
mitting simulated dial pulses, means in said test-
ing device for transmitting code pulses, means
for transmitting revertive pulses, means for re-
ceiving code pulses, a key set, and means includ-
ing said key set for determining the value of ail
of said pulses.

2. In a telephone system, register senders hav-
ing registers adapted to be positioned by code
pulses arranged sccording to a first code, means
in said senders to transmit designations by means
of code pulses arranged according to a second
code, a testing device, means for associating said
testing device with one of said senders, means in
said testing device for transmitting code pulses
according to said first code, means for receiving
code puises according to said second code, a key
set and means includ'ng said key set for deter-
mining the value of said pulses.

3. In a telephone system, register senders hav-
ing registers adapted to be positioned by dial
pulses, other register senders having registers
adapted to be positioned by code pulses, a test-
ing device, means for associating said testing
device with said senders in succession, means in
sald testing device for positioning the registers
of senders of each type, a key set, and means
including said key set for determining the posi-
tions of said registers.

4. In a telephone system, register senders hav~
ing registers adapted to be positioned by dial
pulses, other register senders having registers
adapted to be positioned by code pulses, a test-
ing device, means for associating said testing
device with said senders in succession, means in
said testing device for positioning the registers
of senders of -each type, a key set, and means
including contacts of the same keys for deter-
mining the positions to be assumed by corre-
sponding registers in the two types of senders.

5. In a telephone system, register senders hav-
ing registers. adapted to be positioned by code
pulses arranged according to a first code, means
in said senders to-transmit designations by means
of code pulses arranged according to a second
code, a testing device, means for associating
said testing device with said senders in succes-
sion, means in said testing device for transmit-
ting code pulses according to said first code,
means for receiving code pulses according to
said second code, a key setf, and means including
the same contacts in said key set for determining
the value -of the pulses transmitted and of the
pulses to be received.

6. In a testing device, means for testing the
time of a circuit closure comprising a pair of
relays, means for including said relays in series
with said circuit .closure, circuits for electrically
polarizing said relays in opposite directions, one
of said relays being responsive to the current flow
in said circuit, means responsive to the opera-
tion .of said one relay to open the polarizing cir-
cuit of said other relay, and means to delay the
removal -of said polarization for a predetermined
length of time.
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7. In a testing device, means for testing the
time of a circuit closer comprising a pair of relays,
means for including said relays in series with
said circuit closure, circuits for electrically polar-
izing said relays in opposite directions, one of
sa.d relays being responsive to the current flow
in gaid circuit, means responsive to the opera-
tion of said one relay to open the polarizing cir-
cuit of said other relay, means to delay the re-
moval of sald polarization for a predetermined
length of time, and means under the control of
said other relay to indicate the time of said cir-
cuit closure.

-8. In a telephone system, a circuit to be tested,
a testing device, means in said testing device for
determining whether said.circuit is completed for
more than a predetermined length of time, com-
prising a pair of relays, means for including said
relays in series in said circuit, circuits for elec-
trically polarizing ‘said relays in opposite -direc-
tions, one of said relays being responsive to the
current flow in said -circuit, means responsive
to the operation of said one relay to open the
polarizing circuit of said other relay, means to
delay the removal of said polarization for a pre-
determined length of time, and means responsive
to the operation of said other relay to indicate
the proper closure of said circuit.

9. In a telephone system, a circuit to be tested,
& testing device, means in said testing device for
determining whether said circuit is completed for
more than a predetermined length of time, com-
prising a pair of relays, means for including said
relays-in series in said cireuit, circuits for electri-
cally polarizing said relays in -opposite direc-
tions, one of said relays being responsive to the
current flow in said circuit; means responsive %o
the operation of said one relay to open the po-
larizing circuit of said other relay, means to de-
lay the removal of said polarization for a predeter-
mined length of time, said delaying means com-
prising a condenser normsally short -circuited by
said first relay, and means responsive to the op-
eration of said other relay to indicate the proper
closure of said circuit.

10. In a telephone system, a circuit to be tested,
a testing device, means in said testing device for
determining whether said circuit is completed
for more than a predetermined length of -time;
comprising a pair of relays, means for including
said relays in series in said circuit, circuits for
electrically polarizing said relays in opposite di-
rections, one of said relays being responsive io
current flow in said circuit, means responsive
to the cperation of said one relay to open the
polarizing circuit of said other relay, means to
delay the removal of said polarization for -a pre-
determined length of time, said delaying means
comprising a condenser in series with the polar-
izing winding of said other relay and normally
short-circuited by said first relay, and means re-
sponsive to the operation of ‘said -other relay to
indicate the proper closure of said circuit.

11. In a telephone system, a register sender, a
control circuit in said sender comprising -two
branches, means in said sender to successively
connect said branches together, disconnect them
and connect them to batiery ard ground, a test-
ing device, means to associate said testing device
with said sender, means in said testing device to
determine whether said circuit closures are suffi-
ciently long comprising a pair of relays, circuits
for electrically polarizing said reiays in opposite
directions, means for connecting said pair of re-
lays in series with battery to one branch of said
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control circuit, means responsive to the closure
of said circuit in said sender to operate one of
said relays, means responsive to tha operation of
said one relay to open the polarizing circuit of
said other relay, means for delaying the removal
of said polarization for a predetermined length of
time, means responsive to the opening of said
circuit in said sender to cause the connection of
a similar pair of relays across the branches of
said circuit in said testing device, said relays re-
sponsive to the connection of battery and ground
to said branches for a predetermined length of
time to permit the release of said sender.

12. In g telephone system, register senders for
use by subscribers, other register senders for use
by operators, means for receiving a class of serv-
ice indication in said first register senders, means
for receiving a class of trunk indication in said
other register senders, conductors incoming to
said register senders, said indications being re-
ceived over corresponding ones of said incoming
conductors, a testing device, means to associate
said testing device with the incoming conductors
of said senders in turn, means in said testing de-
vice for transmitting an indication to the incom-
ing . conductors of an associated sender, and
means operated in accordance with the tvpe of
sender under test to vary the preparation of the
testing device to test the reaction in the sender

- to said indication.

13. In a telephone system, register senders for
use by operators, means for receiving a class of
trunk indication in said register senders, means
in said senders for determining the number of

" selections 16 be controlled in accordance with said

class of trunk indication, a testing device, means
to associate said testing device with the incom-
ing conductors of said senders in turn, means n
said testing device for transmitting an indication
to the associated sender, and means to modify
the operation of said testing device to receive the
corresponding selections.

14, In a telephone system, register senders for
use by subscribers, other register senders for use
by operators, means for receiving a class of serv-
ice indication in said first register senders, said
senders reacting to subsequently refurn a zcne
indication, means for receiving a class of trunk
indication in said other senders, said other send-
ers reacting to said indication to vary the number
of selections to be performed, conductors incom-
ing to said register senders, said indication being
received over corresponding ones of said incom-
ing conductors, a testing device, means to asso-
ciate said testing device with the incoming con-
ductors of said senders in turn, means in said
testing device for transmitting an indication to
the incoming conductors of an associated sender,
and means operated in accerdance with the type
of sender under test to prepare said testing device
to receive said zone indication or to vary the num-
ber of selections to be controlled.

15. In a telephone system, a register sender
for use by operators, means in said sender for
receiving telephone designations and class of
trunk indications, means responsive to said In-
dications‘to predetermine the number of selec-
tions to be made, means operated in accordance
with said telephone designations to determine
the nature of said selections, means effective if
the numbher and nature of said selections do not
correspond to transmit a release signal, a test-
ing device, means for associating said testing
device with said sender, means in sald testing
device for sending a telephone designation and
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a class of trunk indication to said senders, and
means to prepare said testing device to receive
either said selections or said release signal.

16. In a telephone system, a register sender,
an outgoing circuit, means operative in accord-
ance with particular registered office designa-
tions, to delay the establishment of said cutgoing
circuit for a predetermined period following the
registration of a particular digit, means to can-
cel said delay either under control of certain of
said registered office designation or under the
joint control of others of said registered office
designations and associated numerical designa-
tions, a testing device, means for associating said
testing device with said sender, a switch in said
testing device controlling in its various positions
the application of tests to said senders, means
effective in a single position of said switch for
registering any one of said particular office des-
ignations in said sender, means for indicating
to the testing device whether said designation
should be effective in the sender to cancel said
delay, and means under the control of said in-
dicating means to stop the operation of said test-
ing device if said delay is not canceled.

17. In a telephone system, a register sender,
an outgoing circuit, means operative in accord-
ance with particular registered office designa-
tions to delay the estaplishment of said out-
going circuit for a predetermined period follow-
ing the registration of a particular digit, means
to cancel said delay either under control of cer-
tain of said registered office designations or un-
der the joint control of others of said registered
office designations and associated numerical des-
ignations, a testing device, means for associating
said testing device with said sender, a switch
in said testing device controlling in its various
positions the application of tests to said send-
ers, means effective in a single position of said
switeh for registering any one of said particular
office designations in said sender, means for in-
dicating to the testing device whether or not said
designation should be effective in the sender to
cancel said delay, and means under the control
of said indicating means to stop the operation
of said testing device if said delay is or is not
correspondingly canceled by said sender.

18. In a telephone system, a selection control
circuit, register senders of a first type, means

in senders of said first type operated in accord-

ance with registered designations to delay the
completion of said selection control circuit for
a, predetermined period following the registra-
tion of a particular digit, register senders of a
second type, means in senders of said second
type to complete said selection control circuit
without delay independent of registered designa-
tions, o testing device, means for associating
said device with senders of either type, means
in said testing device effective when testing send-
ers of the first type for stopping the operation
of said testing device if said selection control
circuit is completed without delay, and means for
rendering said stopping means ineffective when
testing senders of the second type.

19. In a telephone system, a register sender, a
plurality of receiving registers in said sender, a
plurality of selection control registers in said
sender, means to position said selection control
registers under the control of certain of said re-
ceiving registers to determine certain selections,
a series of relays for associating others of said
receiving registers with said selection control reg-
isters to determine other selections, means for op-
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erating said series of relays effective only after
said certain selections have been completed, a
testing device, means for associating said testing
device with said sender, means in said testing de-
vice normally effective to position said certain
receiving registers and respond to said certain
selections prior to positioning said other receiv-
ing registers, and means to detect short-circuited
contacts on said relays comprising means to cause
said testing device to position all of said registers
before permifting said selections to start.

20. In a telephone system, a register sender, a
plurality of receiving registers in said sender, a
plurality of selection control registers in said
sender, means to position said selection control
registers under the control of certain of said re-
ceiving registers to determine certain selections,
a series of relays for associating others of said
receiving registers with said selection control
registers to determine other selections, means for
operating said series of relays effective only after
said certain selections have been completed,
means for preventing the initiation of said other
selections until one of said other receiving reg-
isters has been positioned, a testing device, means
for associating sald testing device with said send-
er, means in said testing device normally effective
to position said certain receiving registers and to
respond to said certain selections prior to posi-
tioning said other receiving registers, responsive
means operative if said preventing means is ef-
fective to initiate the positioning of said other re-
ceiving registers, and means to detect short-cir-
cuited contacts on said relays comprising means
to render said responsive means operative inde-
pendent of said preventing means.

21. In a telephone system, a register sender, a
plurality of receiving registers in said sender, a
plurality of selection control registers in said
sender, means to position said selection control
registers under the control of certain of said re-
ceiving registers to determine certain selections,
a series of relays for associating others of said
receiving registers with said selection control reg-
isters to determine other selections, means for
operating said series of relays effective only after
said certain selections have been completed,
means for preventing the initiation of said other
selections until one of said other receiving reg-
isters has been positioned, a testing device, means
for associating said testing device with said send-
er, means in said testing device normally effec-
tive to position said certain receiving registers
and respond to said certain selections prior to po-
sitioning said other receiving registers, responsive
means operative if said preventing means is ef-
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fective to initiate the positioning of said other re-
ceiving registers, means to detect short-circuited
contacts on said relays comprising means to ren-
der said responsive means operative independent
of said preventing means, and means to delay said
certain selections until all of said registers have
been positioned.

22. In a telephone system, a register sender of
a first type, means in said sender to register the
digit zero as the second or third digit of office
designations, means tc transmit said office desig~
nation substituting the digit six for the digit zero
in each such case, register senders of a second
type, means in said sender to register the digit
zero as the second or third digit of coffice desig-
nations, means to transmit said office designa-
tion as recorded, a testing device, means for as-
sociating said testing device with one of said
senders, means in said testing device to transmit
office designations including the digit zero to said
sender, means in said testing device for receiving
office designations from said sender, means to
advance said testing device if the office designa-
tion received corresponds to the office designa~
tion transmitted, and means operated when a
sender of the first type is associated with the
testing device to modify the operation of said ad-
vancing means to respond to the reception of the
digit six when the digit zerc is transmitied as
the second or third digit of an office code.

23. In a telephone system, a register sender of
a first type, means in said sender to register the
digit zero as the second or third digit of office
designations, means to transmit said office desig-
nation subkstituting the digit six for the digit zero
in each case, register senders of a second type,
means in said senders to register the digit zero
as the second or third digit of office designations,
means to transmit said office designation as
recorded, a testing device, means for associating
said testing device with one of said senders, means
in said testing device to transmit office designa-
tions including the digit zero to said sender, means
in said testing device for receiving office designa~
tions from said sender, means o advance said
testing device if the office designation received
corresponds tc the office designation transmit-
ted, and means to vary the operation of said ad-
vancing means to render it effective in response
to the reception of the digit six or to the digit
zero for a transmitted digit zero as the second or
third digit of an office code in accordance with
the type of sender associated with the testing
device.
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