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TROUBLE RECORDING SYSTEM

Application flled February 26, 1981, Serial No. 518,945,

This invention relateé:»to telephone sys-
tems in which connections are established by
means of automatically operated equipment

“and has for its object to increase the accuracy

and flexibility with which the operation of
such equipment may be recorded.”

In such systems it has become customary
when calls are not completed within a rea-

sonable time to release asmuch of the appara-

tus as possible, signaling an attendant and

giving him an indication of which piece of

apparatus did not function properly. In the

case of complicated structures stich as regis-

ter senders, the mere fact that the particular
sender was responsible for the failure to com-
plete a call is of little assistance in actually
determining the source of the trouble. =~

. In accordance with the present invention
means is provided to make a permanent rec-
ord of the apparatus involved and the extent
of operation before failure occurs. -For this
purposs a trouble recorder is provided. The
operation of the sender in controlling the es-
tablishment of the connection is divided into
a plurality of stages and timing means is re-
leased and reoperated at the beginning of
each stage. If the timing means completes
its operation before the particular stage is
completed, a meter in the recorder individual
to that stage is operated and the Temaining
equipmentis released." If the number of such
recorded failuresin any stage seems excessive,
means is provided for making a printed rec-
ord of the identity of the sender, the iden-
tity of the district selector with which it was
associated, and the wanted number. The

- wanted number is transmitted to the recorder
by means of code impulses from the impuls-

ing switch of the sender and the association

~of the printer with the sender prepares the

impulsing switch for operation irrespective
of the class of call which was being extended

_.and irrespective also of the stage to which the
7 -call had progressed, =
-~ The invention-will be

more clearly under-
stood from s consideration of the following

~detailed description of the operation of the

-+ system i connectio
“% which o -

with the drawings in

‘next stage. - ;

Fig. 1 discloses the ai‘rangement of the
remaining figures; Sl i
“Fig. 2 shows a district selector ‘with which

‘the sender may be employed ; e

- Figs. 3 to 7_show the trouble recording

equipment.of which Fig. 8 shows the printer;

Tig. 4 certain recording and controlling re-
lays; Fig, 5 and 6 the register relays and
Fig. 7 the keys and meters;

Figs. 8 to 25 inclusive show the register

~sender of which Fig. 8 shows the call an-

nouncer mechanism and relays; Figs. 9 and
10 show control and timing relays of the
sender; Figs. 11 to 18 and 16 to 18 show the
incoming registers; Fig. 14 shows the count-
ing relays; Fig. 15 shows the call indicator
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impulser switch; Figs. 19-and 22 show two of

the sequence switches for controlling the op-
eration of the sender; Figs. 20 and 21 show
the selection control registers; Figs. 23, 24
and 25 show the relays :which control the

~transmission -of step-by-step pulses and call

announcement. .

The sender in connection with which the -

present invention has been disclosed is a-tan-
dem sender of the same kind as that disclosed

‘and claimed in Patent 1,840,182, granted to

T. H. Roberts, Jan. 5, 1932, and reference is
hereby made to that application for such de-
tails of the operation of the system which
may be omitted from the present description.

6

75

84

This sender is one arranged to receive the -

designations of wanted lines by means of call
indicator code impulses and to complete con-
nections to other offices by means of revertive
impulses, directive impulses, call indicator
code impulses, or call announcement, * - -

85

As mentioned above, the operation of the .

sender is divided into a plurality of stages

98

and each stage is timed to determine whether -

it is performed in the proper length of time.
At the successful completion of each stage

of the operation the timing arrangement is re- -

stored to normal and reoperated . to time the

Briefly the stages of the operation of the

95

sender in controlling a call to a panel type -

office as indicated by the timing. equipment -

are as follows:
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1. From the seizure of the sender through

the registration of the first digit.

10

15

46

Ky

9. Registration of the code digits, decod-
ing and district selections.

3. Office selections.

4. Test of outgoing trunk.

5. Incoming selections.

6. Final selections.

7. ‘Advance of the district.selector and re-
lease of the sender. :

In the case of calls to offices of certain other
types, stages 5 and 6 are meaningless and

the equipment is arranged to substitute a -

stage known as awaiting assignment.

In general the stages as registered on the
trouble recorder coincide with those of the
timing mechanism. However two minor pe-
riods are recognized under stage 2, namely,

1. Completion of registration and .

2. Completion of decoding or translation.

When a call is to be extended under the
control of a tandem sender, such as the one
disclosed, a trunk outgoing to the tandem of-
fice is seized, which trunk terminates in a
district selector switch such as district se-
lectar 200, Fig. 2. When the trunk is seized,
a relay is connected across the tip and ring
conductors at the originating office and re-
lay 201 is operated in turn operating relays
204 and 207. The operation of these relays
causes & link circuit (not shown) to asso-
ciate the district selector with an idle sender.
When the link circuit connects with the dis-
trict selector, relay 212 is operated and. se-
quence switch 206 advances to position 3.
These operations are described in detail in the
above-identified Roberts patent.

An idle sender is characterized by battery
through a resistance such as resistance 902,
connected to the test terminals of the link
circuit sender selector. When the sender is
found, this battery causes the link circuit
sequence switch to-advance to a position in
which a circuit is closed from ground through
the lower and middle windings of relay 905
inner upper contact of relay 904, lower back
contact of relay 908, conductor 919 through
the link circuit to conductor 221, and the
winding of relay 208 and battery. Relay
208 operates in turn operating relay 212 which
‘advances the district selector sequence switch
to position 4.

Relay 905 operates in the circuit of relay
208 in turn operating relay 906 and relay

“-907. Relay 907 operates relay 908 which locks

over its inner lower front contact and closes
a circuit for operating relay 901 The
operation of relays 906, 907 and 901 con-
nects ground to conductor 909 operating
relays 1126 and 1230 to supply off-normal
ground to the various parts of the sender.
When Telay 1126 operates ground. is con-
nected to conductor 1181 and over the low-
er back contact of relay 1002 to the winding
of relay 920 and battery. Relay 920 pre-

1,848,174

pares circuits which become effective later.

The operation of relay 908 also closes a cir-
cuit from ground over its upper front con-
tact, conductor 2203, left contacts of cam
2291, conductor 2227, to the winding of relay
1010 and battery.. Relay 1010 connects
ground from conductor 2227 over its upper
front contact, normal contact of relay 1011,
conductor 1015, and the vibrating contact
of interrupter 1012 thereby initiating the op-
eration of the timing relays which will be
described in detail hereinafter.

Relay 901 in operating also removes the
battery which marks the sender as idle there-
by advancing the link sequence switch to a
position where conductor 921 is connected to
conductor 228; conductor 922 is connected
to conductor 227 conductor 923 is connected
to conductor 231; conductor 924 is connected
with conductor 214; and the connection be-
tween conductors 919 and 221 is maintained
through a relay which controls the release of
the link circuit. .

When relay 208 operated it closed a circuit
for relay 223 which closes the incoming puls-
ing circuit from the tip conductor over the
left contacts of cam 202, outer upper front
contact of relay 223, upper right and lower
leftcontacts of cam 225, upper back contact
of relay 226 to conductor 228, through the
link to conductor 921 and thence over the
outer lower back contact of relay 1000, next
to the inner upper back contact of relay 1120,
conductor 1121, inner lower back contact of
relay 1326 in parallel with resistance 1330,
conductor 1831, windings of relays 1122, 1123
and 1124 in series, conductor 1125, outer lower
back contact of relay 1326, conductor 1332,
next to the outer upper back contact of re-
lay 1120, inner lower back contact of relay
1000, outer upper back contact of relay 1001
to conductor 922, through the link circuit
to conductor 227, outer left back contact of
relay 229, outer lower back contact of re-
lay 226, upper contacts of cam 294, outer
lower front contact of relay 223, left contacts
of cam 203 to the ring conductor. Relay 208
also operates relay 212 which advances the
sequence switch 206 into position 4 where the
tip- conductor is extended to conductor 228
and the ring conductor is extended to con-
ductor 227 independently of relay 223.

The operation of relay 223 disconnects bat-
tery and ground through the windings of
relay 201, from the tip and ring conductors
leading to the sender at the originating office
thus releasing the relay of that sender which
initiates the transmission of relay call indi-
cator impulses. Relay 201 is held operated
after relay 228 operates and until the sequence
switch leaves position 314 under the control
of relay 223, and in position 334 to 1214 under
the control of relays 226 and 229. :

Relay 1122 is polarized to respond to nega-
tive impulses; relay 1123 is polarized to re-
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rélay 1108, upper front contact of velay 1134
to grounded conductor 909 Relay 1107 locks
tarcugh the winding of relay 1106, inner up-
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spond to positive impulses; relay 1194 is
marginal so -that it responds to heavy im-
pulses of -either polarity received .over the
mmpulsing circuit above traced. Assuming
that the called subscriber’s number is CHelsea,
3—b5678 the following code will be transmit-
ted to the tandem sender: o '

Light

TC 2 Heavy.
) . - Negative Negative
H 4 Light Positive Light
- - " - Negative © - Negative
3 Pdositive . - Heavy Light
’ ‘Negative Negative
0 © Light Light
) Negative Negative
5 Heavy Heavy =
’ Negative Negative
6 Positive ' TLight "Heavy
. : = Negative - - Negative
7 Heavy Heavy
. Negative Negative
8 Positive.. = Heavy _Heavy
Negative Negative

~The first code impulse which, -as-shown
above, is'a heavy negative causes the opera-
tion of relays 1192 and 1124, Relay 1192'in
operating "connects ground from conductor
909 over its front contact, normal contact and
winding of relay 1132, resistance 1133 to bat-
tery. Relay 1132 operates and locks to con-

‘ductor 909 over its lower alternate contact.

Relay 1132 closes ‘a’ circuit from battery
through resistance 1185, winding of relay
1134, alternate contact of velay 1132 to con-
ductor 909 to prepare for the operation of re-
lay 1184. Relay 1134 is prevented from op-
erating at this time by ground connected over
the contact of relay 1122 and the back con-
tact of relay 1184 to resistance 1135 in shunt

~of the winding of relay 1134. Relay 1124

In operating connects ground from conductor
909 over its front contact, outer lower back

contact of relay 1184, outer lower back contact

of relay 1107 to the upper winding of relay
1102 of the tandem hundreds register 1109,
and battery. . Relay 1102 locks through its
1ding to grounded conductor 1931.
When the pulse terminates, relays 1122 and

1124 ‘rolease. Relay 1122 removes the shunt
i from around
- now operates.  With relay 1184 operatec

the winding of relay 1134 which
da

circuit is closed from battery through th

winding of relay 1107, upper back contact o

e
1
£

per front contact of relay 1107 to grounded

~conductor 1127, Relay 1108 is shunted by the

operating ground: for relay 1107 until relay

#1134 releases. The next pulse received is a
light negative pulse and therefore relay 1129 -

operates alone. Tt -closes a circuit” from

-ground over conductor 909, front contact of

relay 1122, lower front contact of relay 1184

“to resistance 1133 in shunt of the winding of

relay 1132 which now releases. "The first low-
er contact of relay 1182 .is a make:hefore-

~break contact so that relay 1184 is held op-

erated over the normal contact of relay 1132

©5 and the front contact of relay 1192 to con-

ductor 909 until the pulse terminates at which
time relay 1184 also releases. When relay
1134 releases relay 1106 operates in the lock-

ing circuit of relay 1107. Relays 1107 and
70

1106 transfer the circuits controlled by re-

lays 1122, 1128 and 1124 to the tandem tens ~

register 1110. Tt will be apparent that only
relay 1102 is operated in the fandem hundreds
register 1100. - .

During the reception of the first pulse of

the next digit, relay 1122 is operated alone
as above described and in turn operates relay
1182. At the end of the pulse relay 1134 is
also operated; closing a circuit from battery

through: the winding of relay 1117, upper.

75

80

back contact of relay 1116, upper front con- -

- tact of relay 1106 to grounded conductor- 909

over-the front contact of relay 1184. The
second pulse of this digit is'a positive pulse
causing the operation of relay 1193. Relay
1123 closes a circuit from greund over ifs

front contact, middle lower front centact of

relay 1132, inner lower front contact of relay
1106, inner lower back contact of relay 1116
to the upper winding of relay 1113 and bat-

tery. - Relay 1118 locks through  its lower.

winding to grounded conductor 1931. The
third pulse of the digit causes the operation
of relay 1122 which releases relay 1132 and
1134 as previously described and permits the

86

9

L]

operation of relay 1116 in the locking circuit -

of relay 1117. Relay 1113 alone of the
tandem tens register 1110 is operated.

With relay 1117 operated a circuit is closed
from battery through the winding of relay

100

911, conductor 912, outer upper contact of re- -

lay 1117, conductor 1186 to ground at the
outer upper front contact of relay 908. Relay
911 in operating connects ground over its
front contact, innermost upper contact of re-
lay 907, conductor 913, lower left contact of
cam 2204, to the winding of sequence switch
magnet 2200 and battery, advancing sequence
switch 2200 to position 2. In position 2 a
circuit is closed from ground over the up-
per left contact of cam 2201, upper right con-
tact'of camn 2202, to condiictor 2208, This cir-
cuit provides a holding civeuit for relay 911
and also provides off-normal ground for a
number of other circuits: The advance of se-
quence switch 2200 from position 1 opens the
circuit of relay 1010 svhich releases removing
ground from conductor 1015 and thereby re-
leasing the timing relays which may have
operated under the control of interrupter 1012
and locked to conductor 1015. When se-
quence switch 2200 reaches position 2, the

cireuit of relay 1010 is veclosed and tha ti ming

function is agein started. - , R
- The first pulse of the third digit is a posi-
tive pulse. “A cirenit is therefore closed from

105
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116

120

125

ground ‘at the front contact of relay 1123,
outer lower back contact of relay 1132, which' -

has not been operated as yet, inner lower

front contact of relay 1107, inner lower front

130
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contact of relay 1117, inner lower back con-
tact of relay 1207 to the winding of relay
1201 and battery. Relay 1201 locks through
its lower winding to grounded conductor
1232. The second pulse is a heavy negative
pulse causing the operation of both relays
1122 and 1124.  Relay 1122 causes the opera-
tion of relay 1132 while relay 1124 closes a
circuit from grounded conductor 909 over the
lower back contact of relay 1134, outer lower
front contacts of relays 1107 and 1117, outer
lower back contact of relay 1207 to the upper
winding of relay 1202 and battery. Follow-
ing this pulse, Telay 1134 operates in turn
operating relay 1207. . The third puise which
is a light negative pulse releases relays 1132
and 1134 and permits relay 1206 to operate.
Relays 1201 and 1202 are operated in the
tandem units register.

Assuming that the called subscriber’s num-
ber includes no stations digit, the next digit
received consists of two light pulses which
are the equivalent of the digit zero. No reg-
ister relays of stations register 1210 will be
operated but relays 1216 and 1217 will be op-
erated under the control of relay 1122 to ad-
vance the circuit to the next register.

The remaining digits are recorded in a
manner similar fo that above described on
registers 1220, 1300, 1310 and 1320 result-
ing in the operation and locking of re-
lays 1222 and 1224 of thousands register
1920, relays 1801 and 1804 of hundreds reg-
ister 1300, relays 1312 and 1314 of tens reg-
ister 1310 and relays 1321, 1322 and 1324 of
units register 1320,

Relays 1326 and 1327 operate in a slightly
different manner from the other transier re-
lays. The operation of relay 1134 during
the transmission of the units digit clozes a
circuit from battery through the winding of
relay 1827 and its normal contact, upper front
contacts of relays 1316, 1306, 1226, 1216, 1206,
1116 and 1106 upper contact of relay 1134 to
crounded conductor 909. Relay 1327 locks
over its lower alternate contact to grounded
conductor 1128. Tt also prepares a circuib
from battery through the winding of relay
1326, outer upper contact of relay 1327 to
the wpper back contact of relay 1132, back
contact of relay 1122 and grounded conductor
909. This circuit is not completed until re-
lay 1122 releases the second time at the com-
pletion of the digit. Relay 1326 in operating
locks to grounded conductor 209, With re-
Javs 1326 and 1327 operated the commection
of the tip and ring conductors to relay 1122
is altered to render that relay responsive to
a final heavy positive pulse. This altered
circuit may be traced from conductor 921, to
conductor 1121, as before, and thence over the
inner lower front contact of relay 1526, to
the winding of relay 1122 in paratlel with re-
sistance 1330, over the outer lower front con-
tact of relay 1826 to conductor 1332 and

1,848,174

back to conductor 922 as previously traced.
Relay 1122 operates in response to the heavy
final positive pulse causing the operation of
relay 1132 which prepares the cireuit for re-
lay 1184 as before. When relay 1122 releases
relay 1134 operates. At this time the opera-
tion of relay 1134 closes a circuit from
grounded conductor 909, upper front contact
of relay 1134, outer lower front contact of re-
lay 1132, inner upper front contact of relay
1827, outer upper front contact of relay 1327,
outer upper front contact of relay 1326 to
the winding of relay 1120 and battery.
When relay 1327 operated a circuit was
closed from battery through the winding of
relay 1137, inner back contact of relay 1120,
outer lower front contact of relay 1327 to
grounded conductor 909. Relay 1137 is re-
Teased when relay 1120 operates but two cir-
cuits are momentarily closed, one from bat-
tery through resistance 1138, inner upper
front contact of relay 1137, next to the In-
ner upper front contact of relay 1120 to the
tip conductor 921 and from ground over the
upper front contact of relay 1137, outer lower
contact of relav 920, vext to the outer upper
front contact of relay 1120 to the ring con-
ductor 922 charging the interoffice trunk, to
prevent the false operation of relay 914 due
to capacity of the trunk if the trunk is opened
at thistime. When relay 1137 completely re-
leases the ring conductor is extended over
its upper normal contact to resistance 1139
and ground and the tip conductor is extend-
ed over next to the inner wpper front contact
of relay 1120, inner upper back contact of
relay 1137 to the winding of relay 914 and
battery. _
Foliowing the transmission of the final

heavy pulse, a relay ig connected across the :

tip and ring conductors at the originating
office which completes the circuit of relay
914. Relay 914 closes a circuit from battery
through the winding of relay 910, front con-
tact of relay 914, lower back contact of re-
lay 1002 to grounded conductor 1131 Re-
lay 910 in turn closes an operating circuit
for relay 915 to grounded conductor 1131 and

relay 915 locks directly to conductor 1131.

These relays prepare circuits to care for the
dismissal of the sender if the call is aban-
doned. B

When relay 1207 operated during the re-
ception of the third code digit, a circuit was
cloged from battery, over the contacts of cam
2905, conductor 2206, upper front contact of
relay 1207 to conductor 1239 to prepare cer-
tain relays of the decoder connector for op-
eration. When relay 1206 operated after the
complete registration of the tandem units
digit, a circuit was closed from battery over
conductor 2206, outer upper front contact of
relay 1206, lower back contact of relay 1140,
lower back contact of relay 1141, back con-
tact of relay 1142 to conductor 1143 and
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therice to the decoder Connector to cause the

association of an idle decoder with. the sender.
- The decoder: comprises ‘a set of incoming

registers which are positioned to correspond

to the setting of the tandem hundreds, tan-
dem tens and tandem units registers, respec-
tively.  These settings are translated to iden:
tify -the routing indicated, by operating a
corresponding relay.- This relay in turn-sets
a group of outgoing registers which control
the settings of the selection control registers
2100, 2110, 2120, 2130 etc. in the sender. As

soon-as the decoder and the sender are con-
nected together circuits are closed over the -

front contacts of the operated register relays
to the windings of the corresponding relays
of the incoming registers of the decoder.

For example ground 1s connected at the out-

er upper iront contact of relay 1102 to con-
ductor 1108 and thence through the decoder
connector to the winding of a relay corre-
sponding to relay 1102 in the decoder. Simi-
larly relays 1113, 1201 and 1202 cause the

operation of corresponding relays in the de-
coder.  The operation of the decoder is com:-. -
pletely described in the Roberts patent.

- Having completed.-its operation the decod-
er connects -ground to the- windings of the
proper selection control register relays. For
the purpose of tracing the operation of the

sender in completing a call to a panel type

ofiice it may be assumed that the following
relays are operated: none of the class relays

2001 to 2005; relay 2014 to-control the use

'of the proper trunk testing relay; relay 2023

of the compensating resistance register; re-
lay 2101 of the district brush register; re-
lay 2118 of the office brush register; relays
2131 and 2132 of the district group register;
and relay 2142 of the office group register.

‘When all of the registers have been set the

-decoder -connects . ground to conductor 2836

and thence to the lower winding of relay
1003 "and battery. Relay 1008 locks to
grounded conductor 1129 and closes a circuit
over its inner upper front contact to the

. winding of relay 1142 and battery. -Relay

1142 supplies locking

, ground for relays 2012,
2013 and 2015 directly. It also provides

) locking ground over the right contacts of cam

2207 for relays 2101 to 2103 and 2131 to 2134

in positions 1 to 4 of sequence switch 2200,

over the left contacts of cam 2208 for relays
2011, 2111 to 2113 and 2141 to 2144 in posi-

tions 1 to 9 of sequence switch 2200 and over

the lower contacts .of cam 2208 for relays
2001 to 2005, 2014, and 2021 to 2024 in posi-
tions 1 to 18 of sequence switch 2200, Tt is

- therefore apparent that the selection control

66

‘register relays are now locked under the con-

trol of relay 1142, - S
With relays 1142 and 1003 operated, the

start conductor 1143 is opened releasing the

decoder.  The sender is now readyto control

selections. Relay .1142 in operating closes

-

the fundamental circuit to conitrol district

brush selection. This circuit may be traced-
~Irom battery through: the right winding of

relay 212, left contacts of cam 215, condue-
tor 214, through the link circuit to conductor

924, outer lower contact of relay 916; inner

0

upper iront contact of relay 1142, right con:

acts of cam 2209, winding of stepping re-

lay 2000, upper winding of relay 2161, back
contact of relay 1400, resistance 2211, left
contacts of cam 2210, upper back contact of
relay 916, conductor 923, through the link
circuit to conductor 281, left contact of cam
232, lower left contact of cam 218 to ground.
Relays 212 and 2000 operate in this circuit

erate at this time. = Relay 212 locks to the
fundamental cireuit and ‘advances sequence
switch 206 to position. 5, -When sequence
switch 206 leaves position 4 relay 223 re-
leases..
of relay 2121s opened and the relay is depend-

75

80

but relay 2161 is so polarized as not to- op- -

85

In position. 5 the ‘operating .circuit

ent on its locking circuit. A circuit is pre- .

pared at-this time from battery through the
right winding: and “the inner right contact

mutator strip 234, brush 235, upper right

and lower left contacts of cam 217, to ground. .

In position 5, relay 212 also closes a cireuit
through the winding of updrive magnet 236,
and the district selector is moved upward in

90 -

 of relay 212, left contacts of cam 233, com- -

95

its brush selecting operation. As it moves -

upward . the circuit above traced over comi-

mutator strip 234, .is intermittently closed,
kolding relay 212 operated and shunting the
winding of the stepping relay 2000 in the
sender. . . S

When relay 2000 operated it closed a cir-
cuit from ground at the inner lower back con-
tact of relay 2031, contact of relay 2000, outer
lower-back contact of relay 2031, conductor
2030, upper back contact of relay 1000, con-

ductor 1004, lower contacts 6f cam 2214, mid-

dle upper front contact of relay 2101, inner
upper back contact of relay 2102, conductor

100
105

110

2166, back contact of counting relay 1401,

winding of relay 1411, conductor 2206 to bat-

tery over-the contacts of cam 2205, Relay

1411 operates in this circuit closing a locking
circuit for itself through the winding of re-
lay 1401, contact of relay 1411, to ground over
conductor 1423 and the lower lefi contact of
cam 2202 and the upper left contact of cam
2201. Relay 1401 cannot operate at this time
since its winding is shunted by the operating

ground for relay 1411, Each time that the’

intermittent circuit is closed over the. com-
mutator strip 234, relay 2000 releases open-
ing the circuit above traced. At the first re-

lease of relay 2000, relay 1401 operatés in the
locking circuit of relay 1411 and transfers

the circuit closed over conductor 2156 to the
back contact of relay 1421 and the winding

of relay 1410. In a similar manner relay 1410 -

is operated in response to the reoperation: of

120

125

130
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relay 2000 when brush 235 encounters an in-
sulating segment of strip 234 and relays 1400
and 1420 operate in the locking circuit of re-
lay 1410 when relay 2000 is released by the
brush 235 encountering a conducting segment
of the strip 234. Relays 1400, 1410 and 1420
lock over conductor 1424 to ground by way
of the upper left contacts of cams 2202 and

9201. Relay 1400 opens the fundamental cir-
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_relay circuit now extends
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cuit and causes the release of relay 212.

Relay 212 in releasing opens the circuit of
the updrive magnet 236 and brings the district
selector to rest. The circuit of relay 212 is
opened at the commutator strip 234 as soon
as the brush moves off the conducting segment
which released relay 2000 for the Tast time.
With relay 212 released a circuit is closed
for advancing the sequence switch 206 to posi-
tion 6. In this position the trip magnet 237
is operated, preparing to trip the brushes on
the next upward movement of the district
selector.

‘The operation of relay 1420 closes a circuit
from ground over its front contact, upper
back contact of relay 917, upper left contact
of cam 2204 to the winding ot sequence switch
magnet 2200 and battery advancing the. se-
quence switch out of position 2. As soon as
the sequence switch leaves position 2 the lock-
ing circuit for the odd numbered counting
relays is opened and when it leaves position
91/, the locking circuit for the even numbered

counting relays is opened so that relay 1420

releases, opening the circuit for magnet 2200
and bringing the sequence switch to rest 1n
position 4, since it 1s advanced from position
3 over its local cam.

With sequence switch 206 in position 6 and
sequence switch 2200 in position 4 the funda-
mental circuit is again closed as above traced
and relays 212 and 2000 operate as before.
Relay 212 locks over a similar circuit to that
above traced but the intermittent circuit con-
trolled by the commutator may now be traced
over the right contacts of cam 215, commu-
tator strip 238, brush 239 to ground over cam
217. Relay 212 in operating advances the
sequence switch to position 7. The counting
from ground over
the contact of relay 2000, to conductor 2030 as
previously traced, left contacts of cam 2213,
upper front contact of relay 2131, inner upper
front contact of relay 2132, to conductor 2150,
back contact of relay 1403, winding of relay
1413, to battery over conductor 2206 and cam
9905 as above described. Following four
intermittent pulses from commutator 238, re-
lays 1400 and 1420 are operated as betore,
opening the fundamental circuit and causing
the release of relay 212 as soon as the conduct-
ing section of the commutator is passed. The
release of relay 212 at this time advances the
sequence switch 206 to position 8.

Relay 212 is now operated in a local circuit

and advances sequence switch 206 to position

.vided relay
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9. TIn this position the updrive magnet 236 is
again operated and the district selector 200 is
advanced to hunt for an idle trunk outgoing
to an office selector.  When an idle office se-
lector has been found, relay 212 releases ad-
vancing sequence switch 206 to position 10.
In position 10 relay 212 is reoperated and ad-
vances sequence switch 206 to position 11 in
which position it remains operated under the
control of relay 208. In position 11 the fun-
damental circuit is extended through to the
relay of the office selector.

“Returning now to the sender, the operation
of relay 1420 causes the advance of sequence
switch 2200 to position 6 in the manner above
described for advancing it from position 2
to position 4. The advance of sequence
switch 2200 from position 4 opens the circuit
of relay 1010 and also releases the counting
relays.” When sequence switch 2200 reaches
position 534 relay 1010 is reoperated pro-
1212 1s not operated, indicating
that no two-wire office selector is to be in-
cluded in the connection over a circuit from
battery, conductor 2227, inner upper back
contact of relay 1212, conductor 2047, lower
right and upper left contacts of cam 2291, to
ground over the upper right contact of cam
9202 and the upper left contact of cam 2201.

In position 6 a circuit is provided for test-
ing the condition of the trunk leading to the
office selector and the condition of the office
selector itself. This circuit extends through
the district selector and the link to conductor
924, over the outer lower back contact of re-
lay 916, inner upper front contact of relay
1142, lower contacts of cam 2209, through
resistance 2040, lower front contact of relay
2014, winding of relay 2153, left contacts of
cam 2215, upper winding of relay 2161, back
contact of relay 1400, inner upper back con-
tact of relay 2501, lower back contact of re-
lay 2801, lower contact of relay 2401, outer
lower back contact of relay 2502, outer lower
back contact of relay 2501, lower back con-
tact of relay 2503, upper contacts of cam
9216, back contact of relay 2021, through re-
sistances 2048 and 2042, back contact of relay
92022, lower right and upper left contacts of
cam 2217, upper back contact of relay 916 to
conductor 923 and back to the office selector.
When the office selector is found and 1s con-
nected through to the sender, this circuit is
completed and if the trunk is in proper con-
dition and the battery supplied from the of-
fice selector is in the right direction, relay
2153 operates but relay 2161 does not. Relay
2153 in operating closes an obvious circuit for
relay 2157, which locks over its lower front
contact, and the lower right contact of cam
2202, to ground as long as sequence switch
9200 remains in position 6. A circuit is closed
from battery through the winding of rela
2504, front contact of relay 2157, upper bac{\Z
contact of relay 2031, to grounded conductor

70

75

80

85

95

100

105

110

115

120

125

130



10

i5

20

25

30

35

40

1,848,174

1129.«;,Ré1ay!?25040p'eizite‘sﬁ and closes a cir-

cuit for relay 2041. Relay 2041 in operating

~closes a circuit from ground over its inner

lower front contact, upper right contact of
cam 2204 to the winding of sequence switch
magnet 2200 and battery, advancing the se-
quence switch to position 7. o

- In position 7 the fundamental circuit is es-

tablished for:making office brush selection:
The circuit extends at this time as previously
traced-through the windings of relays 2000

-and 2161 and over the back contact of relay

1400.. From there it extends as traced for the
test of the office trunk over the inner upper
back contact of relay 2501, lower back -con-
tact of relay 2301, lower contact of relay 2401,
outer lower back contacts of relays 2502 and
2501, lower back contact of relay 2503, over

- the upper contacts of cain 2216, back contact

of relay 2021, through compensating resist-
ances 2043 and 2042, back contact of relay
2022, lower right and upper left contacts of
cam 2217, to the fundamental ring conductor.
The counting relay circuiv extends at ‘this

time as above traced over the contacts of re-.

Iays 2031 and 2000 to conductor 2080, and
over-the upper back contact of relay 1000,
conductor 1004, lower right and upper left

-contacts of cam 2214, upper back contact of
relay 2111, outer upper back contact of relay

2112, upper front contact of relay 2118 to
conductor 2158, back contact of relay 1404,
winding-of velay-1414, to battery over con-
ductor 2206. Relays 1404, 1403, 1402, 1401,

1400, 1420, 1414, 1413, 1412, 1411 and 1410

operate as before described. Relay 1400
opens-the fundamental ¢ircuit as beforetand
relay. 1420 advances sequence switch 2200
into position 8, whence it is advanced by its
local cam to position 9, releasing the count-

~ ing'velays as previously described.

In position 9 the fundamental circuit-is
reclosed for: the -purpose of making office
group selection. - The counting relay circuit
extends from ground ‘over the contacts of
relays 2031 and 2000 to conductor 2030, upper

contacts of cam 2213, upper back .contact of
relay 2141, outer upper front contact of relay

2142, to conductor 2154, back contact of relay
1402 winding of relay 1412 to battery over

onductor 2206. Relays 1402 and 1419, 1401,
and 1411, 1400, 1410 and 1420 operate as above
described. - Asbefcre the operation of relay
1400 opens the fundamental circuit and per-

5 mits the release of relay 2000 and the operat-

ing relay of the office selector causing the
office selector to hunt for an idle trunk out-
going to an incoming selector at the distant
office. Relay 1420 closes a circuit for ad-

> vancing sequence switch 2200 eut of position

9. " Sequence “switch 2200 is advanced im-
mediately from position 9 to position 18, since

“the locking conductor 1424 for relay 1420 is
- held closed over the lower left contact of cam
> 22992, until the sequence switch: leaves posi-

tion-15. The positions between 11 and 15

are reserved for controlling a second office-

selector where it is-required. . In the present
disclosure this second office selector has been
omitted and the equipment necessary for

making such selections has also been omitted
= .

from the sender.

When sequence switch 2200 leaves posi—':

tion 9 the circuit of relay 1010 is opened and

that velay releases in turn releasing the tim-

ing relays. In positions 10 to 1414 a circuit
is provided for operating relay 1010 to time
the selections by the second office selector, if

required, but since under the assumed condi-

tlon sequence switch 2200 passes directly
through these positions, the circuit -is nor-
mally not closed long enough to render the

‘timing circuit effective.

The selection of an outgoing trunk to a
distant office takes place in the manner above
described, irrespective of the nature of that
distant office. It is, of course, to be under-
stood -that different offices are identified by
different office designations and are reached
over different groups of trunk circuits. The

7
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incoming registers of the sender are there-

fore given different settings and the decoder
operates-different route relays which set the
selection control registers to control the selec-
tion of the proper group of trunks.. The
operations within the tandem office therefore
differ for different offices only in the number
of counting relays operated and ths extent
of movement of the district. and office selec-
tors.  If the group of trunks outgoing to a
particular cffice appears in the terminal bank
of the district selector; the officé selections are
omitted. In that.case relay 2011 is operated
by the decoder and holds the locking circuit
of relay 1420 closed through positions 4 to 10

‘inclusive so that the sequence switch 2200 is

advanced rapidly through the positions for
testing the trunk to the office selector and the
positions for making office selections. In that
case also the circuit of relay 1010 closed in
positions 534 to 9 is effective only in case the
sequence switch fails to advance properly..
The operation in controlling the comple-
tion of the connection at the distant office
differs with the nature of the office, and the
decoder route relays prepare the sender for

such different operations by -operating the

class relays 2001 to 2005 iz accordance with

the type of the wanted office: , e
For convenience the completion of a call

to a panel office will be described first.

On:
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the assumption that the call being traced is

one to a panel office, none of the class relays
2001 t0:2005 is operated and relay 2151 is also
non-operated.- A circuit is therefore closed,
as scon as sequence switch 2200 reaches posi-
tion 5, which may be traced from battery
through the winding of sequence switch mag-
net 1900, right contact of cam 1901, inner

upper back contact of relay 2151, outer upper
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front confact of relay 1142, to ground over
the lower right and upper left contacts of
cam 2201, Sequence switch 1900 is advanced
to position 6 in this circuit.

When sequence switch 2200 left position 4
the locking circuit for the relays of register
9100 and register 2130 was opened and those
relays released. When sequence switch 2200
left position 9, the relays of register 2110 and
register 2140 were also released. When se-
quence switch 2200 reaches position 15 a cir-
cuit is closed from ground over the upper
left contact of cam 2201, upper right contact
of cam 2218, inner upper back contact of re-
lay 2155, through the windings of relays
1701, 1801, 1802 and 1803 in parallel to bat-
tery. The operation of these relays connects
the numerical registers 1220, 1300, 1310 and
1320 with the registers 2100, 2110, 2140 and
2130 respectively. These registers are now
reoperated in accordance with the setting of

“the numerical registers to control selections

~ at the district office. It will be remembered
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that the relays 1222 and 1224 of register 1220
were operated. A circuit is therefore now
closed from battery through the winding of
relay 2102, conductor 2722, taird contact of
relay 1701 to ground at the outer upper con-
tact of relay 1222. The operation of relay

1924 closes a circuit from ground at its outer.

upper front contact over the first contact of
relay 1701 to the winding of relay 2121 and
battery. This relay constitutes a part of the
register 2120 which centrols group selection
by the incoming selector. In a similar man-
ner relay 1301 closes a circuit for relay 2111
while relay 1804 closes a circuit for relay 2122.
Relay 1312 operates relay 2142, and relay 1314
operates relay 2144, while relays 1321, 1322
and 1324 cause the operation of relays 2131,
2132 and 2184. The selection control registers
are now ready to control selections at the dis-
tant office. Sequence switch 2200 in position
15 also closes a circuit from ground over the
upper contacts of cam 2201, conductor 2507,
lower winding of relay 2031 to battery. Re-
lay 2031 locks over its upper front contact to
grounded conductor 1129, opening the circult
by which the office selector was tested and
preparing the circuit for testing the inter-
office trunk. Relay 2031 also reverses the di-
rection of current flow over the contact of re-
lay 2000 to save wear on that contact.

“When sequence switch 2200 reaches posi-
tion 16, a circuit is closed for testing the
interoffice trunk. In position 16 of sequence
switch 2200 the circuit of relay 1010 extends
over conductor 2227, inner upper back contact
of relay 2012, conductor 2047, outer lower
back contact of relay 2155 to ground over the
upper contacts of cam 2221, upper right con-
tact of cam 2202, and the upper left contact
of cam 2201. .

The trunk testing cireuit may be traced
frqm the fundamental tip to the lower right
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contact of cam 2209 and-thence over the upper
left contact of cam 2209, back contact of relay
2152, outer upper back contact of relay 2151,
resistance 2040, front contact of relay 2014,
winding of relay 2153, middle lower front con-
tact of relay 2051, inner lower back contact of
relay 2155, back contact of relay 1400, and

thence as previously traced over the contact.

of relay 2501 etc. to the upper right and lower
left contacts of cam 2216, back contact of re-
lay 2302, front contact of relay 2023, resist-
ance 2043, back contact of relay 2024, upper
contacts of cam 2217, to the fundamental ring.
The testing circuit thus traced cannot be
closed before the registers have been posi-
tioned since a circuit is closed from ground
over the back contact of relay 1701, left con-
tacts of cam 2207, inner lower back contact
of relay 2151, to conductor 1424 holding relay
1400 operated. This circuit prevents the clo-
sure of the testing circuit until relay 1701 1s
operated to cause the setting of the registers.
Vhen the outgoing trunk has been found and
the incoming selector is ready to make selec-
tions battery and ground are connected to
the fundamental circuit and relay 2153 op-
erates, in turn operating relays 2157, 2504 and
2041. “Relay 2041 closes a circuit from bat-
tery through the winding of sequence mag-
net 2200, right contact of cam 2204 to ground
at the inner lower front contact of relay
2041, advancing sequence switch 2200 to posi-
tion 17. In this position a circuit is closed
from battery through the winding of sequence
switch magnet 1900, upper left and lower
right contacts of cam 1902, to ground over
the left contacts of cam 2201, advancing se-
quence switch 1900 to position 7. Sequence
switch 2200 is immediately advanced from
position 17 to position 18 over the left contact
of cam 2220, and the lower right contacts of
cams 1903 and 1904. When sequence switch
9200 leaves position 16 relay 1010 releases
again cancelling the operations of the count-
ing relays. With sequence switch 2200 in po-
sition 17 a circuit 1s closed for relay 1010
over conductor 2227, inner upper back contact

[

85
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225

11¢

of relay 2012, conductor 2047, outer lower .

back contact of relay 2155, contacts of cam
1913, upper right contact of cam 2222, to
ground at the upper left contact of cam 2201.
When sequence switch 1900 leaves position 6
this circuit is opened to release the timing
relays but is reclosed in positions 7 to 11 to
time the operation of the incoming selector.
The incoming and final selectors are under
the control of sequence switch 1900. With se-
quence switch 1900 in position 7 the funda-
mental circuit extends from the fundamental
tip over the lower back contact of relay 916,
inner upper front contact of relay 1142, low-
er back contact of relay 2151, right contacts
of cam 2215, lower right and upper left con-

_tacts of cam 1905, winding of relay 2000 and

thence as traced for the test of the interoffice
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trunk back to the fundamental ring. Since
relay 2081 is now operated the counting relay
circuit may be traced from ground at the
outer lower front contact of relay 2031, front
contact of relay 2000, inner lower front cor.
tact of relay 2031, conductor 2030, inner up-
contact of relay 1000, conductor
1004, right contacts of cam 1906, outer upper
back contact of relay 2103, outer upper front

contact of relay 2102, inner upper back con-
tact of relay 2101, conductor 2154, back con-

- tact of relay 1402, winding of relay 1412 to

1420, upper back contact of

+20

~35

740

45

- 50

battery. After the winding of relay 2000 has
been shunted three times to cause the selec-
tion of the third brush of the incoming selec-

tor, relays 1400 and 1420 operate opening the

fundamental circuit and

closing a circuit
from ground over the front

contact of relay
relay 917, back
contact of relay 1148, lower lefs contact of
cam 1901 to the winding of sequence switch
magnet 1900 and battery. advancing it out of
position 7.~ Conductors
rying the locking circuits, for the counting
relays extend to ground
lower contacts of cam 1904 and over the right
contacts of cam 1904 respectively and are
held closed until the sequence switch leaves
positions 7 and 71, . Sequence switch 1900 is
advanced from position 8 to position 9 over
its local cam. " Tt ig ]
cult ‘for advancing the sequence switch ex-
tends over the back. contact of relay 1148,
Circuits are prepared for this relay over the
contacts of cam 1907. In positions 7 to 9
the circuit.is extended over the right con-

tact of cam 1907 to ground at the lower

back contact of relay 1316,

and in positions
11 to 13 the circuit extends

to ground over

‘the lower back contact of relay 915. - There-

fore if the hundreds register 1800 has not

been  positioned- at the time the incoming

brush selection is completed, sequence switch
1900 cannot be advanced for the next selec-
tion and if the Incoming registers have not
been completely set, sequence-switch 1900
cannot be advanced into position to make final
selections. -

We have assumed that the registration has

taken place in the proper length of time.

"~ Therefore sequence switch 1900 has now been

.86

advanced to position 9. In position 9 the
fundamental circuit is the same as was traced
in position 7 of sequence switch 1900. The
counting relay circuit at this time, however,

extends over the contacts of relays 2000 and .
cam 1906, upper front

2081, left contacts of
contact of relay 2121, inner upper front con-
tact of relay 2022, conductor 2150, lower back
contact of relay 1403, winding of relay 1413
to battery. Four pulses of current will bring
albout the operation of relays 1400 and 1420
causing the selection of the fourth group of
trunks outgoing from the incoming selector,

¢ The incoming selector will hunt for a trunk

cuit and relay 1420

1423 and 1424, car- .

at this time over the

to be noted that the cir-

relay 1409 and the
Five additional pulses result in the opera- 1

o

leading to an idle final selector in substantial-
Ly the manner described for the district selec-
tor. Relay 1400 opens the fundamental cir-
advances sequence switch
1900 to position 11 in the manner previously
described. : - ' '
. As sequence switch 1900 passes through po-
sition 10, a circuit is closed from the funda-
mental tip to the lower right contact of cam
1905 as previously described and from thence
over the upper right contact of cam 1905,
through resistances 1908 and 2040, upper
right and lower left contacts of cam 1902, to
the fundamental ring. The connection of
these resistances across the circuit carries off
any charge which may have accumulated on
the trunk due to its capacity without operat-
ing the control relay of the final selector, in
preparation for making final selections. - ‘
Hinal brush, final tens and final units selec-

tions take place in positions 11, 18, and 150f .

sequence switch 1900 respectively. Relay
1010 is released and reoperated as sequence

switch 1900 passes from position 11 to posi-

tion 12 to reset the timing operation at the
beginning of final tens selection.

mental circuit for final selections
traced for incoming selections. The counting
relay circuits may be traced as follows: In
positien 11 for final brush selection from
ground 6ver the \
2000, conductor 2030, inner upper back con-
tact of relay 1000, conductor 1004, upper
right and lower left contacts of ‘cam 1909,
upper front contact of relay 2111, inner upper

extends as

Iower back contact of relay 1401, winding of
relay 1411 to battery.- Therefore, two pulses
are required to satisfy the counting relays'and
the final selector uses the second brush in malk-
ing selections. - The counting relay circuit for
final tens selection extends ag ‘
the upper right contact of cam. 1909 and
thence over the lower right contact of that
cam, upper back contact. of relay 2141, outer
upper front contact of relay 2142, to con-
ductor 2154. Two pulses of current serve to
operate relays 1402 and 1412, 1401 and 1411,
It will be noted that the circuit normally ex-
tends from the front contact of relay 1401,
over the back contact of relay 1421 to the
winding of relay 1410. Since relay 2144 is
also operated a circuit is closed for relay 1421
over the lower contacts of cam 1910 to ground
at the front contact of relay 2144, Therefore
the operation of relay 1401 extends the count-
ing relay circuit over the outer front con-
tact of relay 1421, to the back contact of
winding of relay 1419,

tion of relays 1405 to 1409 and 1415 to 1419.
From the front contact of relay 1405 the
counting relay circuit extends over the inner
front contact of relay 1491

relay 1410, causing it to operate and operate

0.
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-back contact of relay 2112, to conductor 2156,
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‘closes a circuit

10

‘relays 1400 and 1420 which open the funda-

mental circuit and advance the switch 1800

‘following the reception of eight pulses.

The counting relay circuit for final units se-
lection extends from cam 1909 over the upper
left contact of that cam, uper front contact
of relay 2131, inner upper front contact of
relay 2132, conductor 9150, and the winding
of relay 1413. Relay 9134 being operated
over its upper contact, and the
upper right contact of com 1910 for relay
1491, so that nine pulses are ref irad fo satis
fy the counting relay condition.”
Following the completion ot finai units of
selection sequence switch 1800 is advanced to
position 16, in which position & cireult - 1s
prepared to respond to the reversal of battery
produced by the incoming selector. This cir-
cuit is the same as traced for the making of
final selections. However, due to {he reversed
polarity of the battery, reiay 2161 is operated
in addition to relay 2000. With velay 2161
operated a circuit is closed from grounded
conductor 1129, front contact of relay 2161,
inner lower back contact ¢f relay 2505, upper
contacts of cam 1911, winding of relay 917
to battery. Relay 2000 algo operates closing
a circuit from ground to conductor 2030, outer
lower front contact of relay 917, winding of
velay 1410 to battery. Relay 917 closes a cir-
cuit through relays 1410 and 1400 and 1420
in series, inner lower contact of relay 917,
outer upper contact of relay 904 to ground at
loft and lower yight comtacts of
cam 1904, Relays 1400 and 1420 cannot op-
erate as long as relay 2000 holds the circuit
of relay 1410 closed. Tollowing the comple-
tion of the test circuit in the sender, the in-
coming selector removes the reversed batlery
and relay 2000 releases. Relay 2161 locks in
a circuit from battery through its lower wind-
ing, lower contacts of cam 2212, inner lower
back contact of relay 2505, lower front con-
tact of relay 2161 to grounded conductor
1129. The release of relay 2000 permits re-
Jays 1400 and 1420 to operate in civedit with
relay 1410. Relay 1400 as usual opens the
fundamental circuit and relay 1420 connects
ground over its front contact, upper front
contact of relay 917, lower contacts of cam
1912, winding of relay 916 to battery. Relay
916 locks over its lower front contact to
grounded conductor 1129. Relay 916 opens
the fundamental tip and the fundamental
ring and closes a circuit from battery through
the winding of relay 904, upper frent eontact
of relay 916 to grounded conductor 1129.
Relay 904 in operating opens the shunt
around the upper winding of relay 905 which
is of high resistance, thus introducing this
resistance into the circuit of relay 208. VWhen
relay 904 operates the holding civcuit for e-

~lays 1400, 1410 and 1420 is opened and they

65

release. , _
The increase in resistance included in the
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circnit of relay 208 causes that relay to Te-
lease in turn releasing relay 212. The re-

Jease of relay 212 advances sequence switch
As soon as sequence.

206 to position 13.
switch 206 reaches position 12 ground is con-
nected over the lower right contact of cam
220 to conductor 221 and through the link
to conductor 919. The connection of ground
to conductor 919 releases relay 905 which is
lso connected to ground. The release of
relay 905 in turn releases relay 906 and relay
907 The release of relay 907 closes a circult
from battery throungh the upper winding of
relay 903, lower front contact of relay 908
to ground at the lower back contact of relay
907. Relay 903 in operating connects ground
from conductor 919 over its lower front con-
tacts, lower back contact of relay 1005, middle
lower front contact of relay 915, through re-
sistance 918 to battery in shunt of the wind-
ing 908 thus causing relay 908 to release. Re-
lay 903 also locks through its lower winding
to ground on conductor 919 and connects

ground to conductor 1186 in place of that.

supplied by relay 908. It will be noted that

battery through resistance 902 and the lower
winding of relay 903 is

now connected to
conductor 919 in parallel with battery
through resistance 918. This produces a low
resistance circuit over conductors 919 and
991 to ground. This circuit extends through
the relay in the link circnit which operates
causing the advance of the link circuit se-
quence switch to disconnect the sender from
the district selector. It also causes the res-
toration of the link circuit to normal.

When the link circuit disconnects conduc-
tor 221 from conductor 919, relay 903 releases.
Relay 903 in releasing provides circuits for
advancing sequence switches 1900 and 2200
to position 1. The circuit for advancing se-
quence switch 1900 may be traced from bat-
tery through the winding of that magnet,
upper left contact of cam 1901, inner upper
hack contact of relay 908 to ground at the
outer upper contact of relay 903. The cir-
cuit for magnet 2200 may be traced from
Lattery through that magnet, right contact
of cam 2220, outer upper back contact of
relay 908, to ground at the upper back con-
tact of relay 903. When these sequence
switches reach position 1, relay 901 which
has been held operated from off-normal
ground connected to conductor 2203 by these
sequence switches, releases. “The release of
relay 901 opens the circuit of off-normal re-
lays 1126 and 1230. The release of these
relays unlocks all the relays which have not
already been released. The release of relay
901 also connects battery through resistance
902, over the back contacts of relays 901 and
900 to the terminal accessible to the test brush
of the link circuit, marking the sender as
available for another call.
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As ‘sequencs switch 206" reaches position

1184 the tip brush of the district selector is.

connected through the repeating coil 242 and

- the winding of relay 243, to the ring brush.

The tip and ring brushes are connected to
battery and ground at the incoming selector
but the direction is such that relay 243 which
is polarized does not operate. When se-

quence switch 206 reaches position 1134, re-

lay 226 is operated and locks, connecting the
Incoming tip conductor through upper:left
winding of repeating coil 242 to the right
winding of relay 201 and battery, and the

“incoming ring conductor through the lower.

left winding of repeating coil 242 and the

left winding of relay 201 to ground. ~Relay

201 -is'now held operated over the incoming

trunk and in turn holds relays 204 and 207
‘operated. - When the called subscriber an-.

swers, battery and ground are reversed. to
the circuit of relay 243 and that relay oper-
ates in turn operating relay 244, Relay 244
locks under the control of relay 248 and re-
verses the connection of battery and ground
through the windings of relay 201 to -the

incoming trunk for supervisory purposes.

When the called subscriber disconnects, re-

Tay 243 releases In turn releasing relay 244

which restores the connection of battery and
ground to the incoming trunk as an-indica-
tion that the call hasbeen terminated. When
the calling subscriber restores his receiver to
the switchhook. the apparatus at the-local
office is restored and the Isop ¢ircuit at the
distant office is opened, in turn releasing re-

lay 201, Relay 201 releases relays 204 and-
207.. The release of relay 207 opens the cir-

cuit through the right winding of relay 201
to prevent the reoperation .of that -relay,

should the trunk be reselécted before the dis-
trict selector restores to normal. With relay

- 207 released, relay 229 is operated and locks,
N bJ h :

60

‘advancing sequence switch 208 to position 16.

Sequence switch 206 is then advanced under

‘the.control of relay 207 to position 18. Re-

lay 204 in releasing opens the locking circuit
of relay 226, which also releases, opening the

tip and ring conductors to prevent the com-

pletion of an inceming circuit for trunk test

* should the ‘district selector be seized before

the selector reaches normal. In position 18,
down’ drive magnet 247 is operated and the
district selector is restored to normal where
a cireuit is closed to the winding of sequence
switch magnet 206 restoring the sequence
switch to position 1. The district seléctor is

“now ready for another call. —

~ In the establishment of a connection to a
subscriber located in a manual office equipped

- with a relay call indicator-the designation is

to be transmitted to the ‘distant. cffice by
means of code impulses similar t6 those em-

ployed in setting the incoming registers.Se--

quence switch 1500 is employsd in generat:
ing and transmitting the code pulses. The

‘connection progresses in the manner above
described until the trunk is reached leading
to the distant office with the exception that
theroute relay operated by the decoder causes

-relays 2001 and 2002 to be operated to indi-
~cate the class of the call. With relay 2002
- operated a circuit is closed for relay 2155,

which in turn closes a circuit for relay 2151.
When sequence switch 2200 reaches position

5, sequence switch 1500-is advanced to posi-

tion 17, which is the starting position for di-
rect relay call indicator: calls, in which only
the numerical designation 1is transmitted.
Relay 2002 in operating also operates relay

-2152. When sequence switch 1500 passes

through positions 8 to 17, relays 1503 and
1504 are operated. o .
The trunk test circuit is closed in position
16 of sequence switch 2200 from the funda-
mental tip, conductor 924, over the back con-

-tact of relay 916, upper front contact of re-

lay 1142, lower right and upper left contacts
of cam 2209 middle upper front contact of
relay 2152; winding of relay 2159, left con-
tacts of cam 2215, upper winding of relay

- 2161, back contact of relay 1400 and thence
2s previously traced over-contacts of relays

2501, ete., to the upper right and left contacts

of .cam 2216, lower back contact of relay 2302, -
upper-front contact of relay:.2023 resistance
2043, back contact of relay 2024, upper con- -
“tacts of -cam 2217, upper back:contact of :ve-

11

75
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85
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95

lay 916 to-conductor 928 and the fundamental

ring. -When connection is made to the frunk
outgoing' to the manual office, battery and
ground are connected at that office to the in-

teroffice trunk and thence to the test circuit.
Relay 2159 operates in- this circuit but the
battery is so polarized that relay 2161 does
not. The operation of relay 2159 closes an
obvious circuit for relay 2157, which locks

-over the lowerright contact.of cam 2202 until

sequence switch 2200 has left position 1614.
Relay 2157 causes the operation of relay 2504
as previously described and relay 2504 oper-

relay 2160 which locks. = Relay 2041 also
advances sequence switch 2200 to position-17.
In position 17 the fundamental cireuit is held

closed and may be traced from the front con-

tact of relay 1142 over the upper front con-
tact of relay 2041, upper contacts of cam 2219,
middle upper front contact of relay 2152,
winding of relay 2159, and thence as previ-
ously traced back to the fundamental ring.
The locking circuit of relay 2157 is opened
as soon as sequence switch 2200 leaves position
1674 but that relay is held operated as long
as relay 2159 remains operated. s
When the operator at the distant office is
ready to receive’the designation the funda-

mental circuit is opened, either automatically

or by the manual operation of a key by the
operator and relay 2159 releases in turn re:
leasing relay 2157, if the sequence switch has

100

105

<110
ates relay 2041. Relay 2041 in turn operates
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‘left position 1614 as well as relays 2504 and

2041. At the manual office a bridge is con-
nected across the tip and ring conductors con-
taining relays similar to relays 1122, 1123,
and 1124 for the reception of the pulses.
With relay 2041 released and relay 2160 op-
erated and locked, the fundamental tip is
extended to the left armature of relay 1503
and the lower left contact of cam 1507, while
the fundamental ring is extended to the right
armature of relay 1503, and the left contact
of cam 1508. The release of relay 2041 also
operates relay 1502, which starts the rotation
of sequence switch 1500.

As the impulser sequence switch 1500 ro-
tates one pulse is generated in passing each
position, and each pulse lasts one full posi-
tion or a half position each side of the center.
The pulses generated in the even numbered
positions are either light negative or heavy
negative and those of the odd numbered posi-
tions are either light positive or blank ac-
cording to the settings of the incoming regis-
ter relays. As the switch passes an even num-
bered position, ground s connected over the
right contacts of cam 1509 to the fundamen-
tal tip and as it passes odd numbered posi-
tions, ground is connected over the lower
right and upper left contacts of cam 1509 to
the fundamental ring. Light negative im-
pulses are generated by the connection of
battery through high resistance 1510, over
the lower right contact of cam 1508, to the
fundamental ring, while heavy negative
pulses are generated over a circuit which may
be traced from the lower right contact of
cam 1508, which right back contact of relay
1511, contacts of cam 1512 or 1513, through
contacts of the register relays, to contacts of
cams 1514 and 1515 and thence over the inner
‘upper back contact of relay 1001, left front
of relay 1502, contacts of cam 1516 or relay
1504, conductor- 2228, resistance 29225, to bat-
tery over the contacts of cam 2205. Positive
pulses are generated over a circuit which
may be traced from the tip conductor over
either the front contact of relay 1503,
conticts of cam 1507 or left back contact
of relay 1511, contacts of cam 1517 or 1518,
through the contacts of the register relays
to contacts of cam 1519, lower back contact
of relay 1001, through high resistance 1009
to battery. When no pulse is to be sent the
fundamental tip is connected over the back
contacts of the register relays to ground over
cam 1520 for a quarter of a position. The
result is that both fundamental tip and fun-
damental ring are grounded for a quarter
position to discharge the cable and then the
fundamental is opened for the remaining
three-quarters of a position to create a blank
pulse.” In the position just ahead of the
starting positions 5 and 17 this ground is con-
tinued for a slightly longer time to guard

1,848,174

against the switches starting from a little
past the center of the position.

For a detailed description of the transfer
of the designation, reference may be made
to the above-identified Roberts patent. Se-
quence switch 1500 completes the revolution
from position 17 to position 20 and then passes
through a complete second revolution being
driven out of position 1 in a local circuit

under the control of relays 1504 and 1502. ,

When sequence switch 1500 reaches position
173/ the tip conductor is connected through
resistance 2225 to battery over cam 2205 whale
the ring conductor is connected to ground,
thus transmitting a heavy pulse in the direc-

‘tion opposite to that formerly transmitted,

that is a heavy positive pulse. Since relay
1504 is released at the time sequence switch
1500 completes the second revolution, the se-
quence switch comes to rest having completed
that revolution. In positions 19 and 20 the
fundamental circuit is opened since relay

1503 is now released.

When sequence switch 1500 reaches posi-
tion 1834 a circuit is closed for operating re-
lay 916 which functions in the manner de-
seribed for panel calls to bring about the ad-
vance of the disirict and the release of the
sender. ' ' ‘

In the calls to be completed through a man-
ual tandem office relay 2002 is operated alone
to indicate that the whole designation is to be
transmitted. With relay 2002 operated a cir-

“cnit is closed through the winding of relay

1511 when sequence switch 2200 reaches posi-
tion 5. Relay 1511 prepares a locking cir-
cuit for itself which is completed when se-
quence switch 1500 has been advanced to its
starting position and the sequence switch 2200
is ready to make a test of the outgoing trunk.
With relay 1511 operated, sequence switch

“1500 is advanced to its starting position 5 for

the transmission of tandem call indicator im-
pulses. - When sequence switch 1500 reaches

position 4, relays 1503 and 1504 are operated 3

and locked. Otherwise the completion of the
call is substantially as for a direct call indi-
cator call.

1£ the call is to be completed at a manual
office equipped for receiving call announce-
ments from the sender, the route relay op-
erated by the decoder indicates this fact to
the sender by operating relay 2004. The call
announcer mechanism is shown in Fig. 8
which comprises fourteen units for generat-
ing voice currents, each unit corresponding
to a different digit or letter. Each unit com-
prises a drum on which is mounted a plu-
rality of photographic vocal records of a par-
ticular digit, a light source, a lens system, a
photoelectric cell, a repeating coil and an am-
plifier. - The drums are constantly rotated
by a common shaft which also carries cer-
tain synchronizing cams. As the drums ro-
tate the records are translated by the photo-
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electric cell back into voice currents Wthh
take the place of an operator’s voice. With

'relay 2004 cperated relay 2155 also. operates
in turn operating relay 2151. In adchtlon,'
‘relay-2004 operates relays 2508 and 2509 in

paraﬂel ‘Vlth relay 2508 operated a circuib
is closed for operating relay 2503 when se-

quence switch 2200 reaches position 15 fol-

lowing the selection of the distant office. As

soon as a- trunk is found outgeing to the
manual office, battery is connected to the Tun-

damental ring whence it extends, with se-
quence switch 2200 in position 16, through
repeating coil 2500, and the wmdmos of re-

Jays 2161 and 2510 back to the fundamental

- tip which extendsto ground in-the trunk cir-

20

‘the opemtor

cuit.- If the fundamental circuit is complete

‘through the sender, a relay operates in the

trunk causing a lamp to.light as a signal to
Depending on the nature. of
the disant office, the operator may respond

~manually to the signal lamp or, ‘muoma‘clc
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“which releases.

" phone is connected with the 1’11;& office trunk,

equipment at her. posmon may ‘function to

connect her telephone to the trunk. The con-. ,
~supply ground to conductor 2516, so that the

nection of the battery and ground through
the windings of the trunk relays-to the tip

and ring conductors leading te the sender at-

first . causes the oneramon of relay 2510.
When the operqtor is ready to receive the

“call at the wanted. deswnatlo*l the direction

of battery and ground throtwh the windings
of the trunk relay to the'interofﬁce trunk is
reversed. - The operation of relay 2510 closes
the circuit for relay 2505 which locks and
connects its locking ground to the winding
of relay 2506 which also operates. ‘Nhen
batterv is reversed over the fundamental cir-
cuit, relay 2161 operates and relay 2510 re-
leases. The -operation of relay 2161 under
these conditions closes a circuit from ground-
ed conductor 1129 over the front contact of

relay 2161, inner lower front contact of re- .
lay 2505, uppermost front contact of relay.
2508, lower normal contact of relay 2511,
inner lower: back contact of relay. 2303 to

the winding of relay 2501 and battery.
lay 2501 in opelatmg connects reversed Lat—

tery to the fundamental circuit to meet the

reversed battery on the trunk civeuit for the
purpose of operat;no a relay in a two-wire
office selector circuit, 1f such an office selector
ig-included in the cucult Relay 2501 there-
fore connects Ground over its outer iower

front contact to the fundamental ring and-

battery over the contact of cam 2205 through
low resistance 2295 and the inner upper front

contact of relay 2501 to the fundamental tip.-

Relay 2501 also operates relay 2511 Relay
9511 locks and.opens the circuit of relay 2501
‘Relay 2501 will- remain op-
erated long enough, lﬁowever to mrform the

_clesn“ed fupctlon

When the connection of batterv over tl*e

trunk is restored just as the operator’s tele-
]v

-intermittently.

-opens

rehy 2161 releases and relay 2510 again op-
erates. When relay 2508 operated it closed
an obvious circuit for relay 2512 and this

13-

relay in turn con nected the winding of relay .

25138 over its front contact to the 1nterrupter

contacts carried by the shaft of the call an-

nouncer machine. Bach time that thisinter-

rupter contact closes; the circuit of relay-

2518 is closed to ground over interrupters
810 and 811 and relay 2513 is intermittently
operated. After relay 2506 operates a circuit

70

23

is closed through the winding of relay 2514
and battery so-that relay 2514 also operates-. -

Relays 2512, 2513, and 2514
are common to a group of five senders, each

80 _

sender having a- separate make contact on-

_relay 2514,

When direct bfxtte1 v is restored to the fun-

damental circuit and relay 2510 reoperates, -

relay 2515 is operated to initiate the opera-

tion-of the call announcement. Relays 2403
and 2418 operate in accordance with the sta-

8.,

tions registration to control the order of the .-

transmission of the digits. These relays also

operation of relay 2515 causes the successive

operation of relays 2518 and 2519 under the

control of relay 2514,
The o3
denser ‘)o 3 between the left windings of re-

peating coil 2500 to care for the transmlbsmn

of the ammuncement It also connects the
right windings of the. 1enea+mg coil over the
back con#acts of relay 2524, inner upper and
lower front contacts of relay 2519 to the ar-
matures of relay 820 and thence over:con-

tacts of relays 821 to 827 to the announcing

units according to the setting of the sender
registers. Relays 2408, 411,2407 2414, 2406
and 24 13 are operated i in a manner similar to

peration of relay 2519 connects con-.

95

100

105

the timing relays 1016, 1013, 1019, 1020, 1021

and 1022 which will be described herelnafter

to successively connect the registers with the g

relays..
control of mterrupter cams 810 and 811 and
are operated during the silent intervals. -

These relays are oper rated under the .

i10

‘.Vhe'z ths anncuncement is finished a cir-

enit is closed through the upper winding of .
o517

P‘-l/"

relay 2517. The operation of relay
opens the locking cir cuit of rel ay 2518 which

releases in turn 1eleqs1n<“ relay 2519 Tt qlsoi
closes an obvious circuit for relay 2524 which
the connection between repeating coil

2500 and the call announcer machine. - Relay

2517 m)arﬁit\s relay 904 which performs the :

sanie fune tions as described heretofore. How-
ever, since relay 916 is not operated, the fun-

vance of the district closes a, substitute circuit

“for the trunk rehy The advance of the dis-
trict and the release of the link and sender

takes place in. the manner above described.
“T£ the automatic connection of the operator
to the erk is not followed by the announce-

-ment, or the operator does not understand the !

120

: damen‘éfﬂ cirenit is held closed untll the ad- -

125 .
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pronouncement as transmitted from the send-
er, she can obtain the correct number from
the calling subscriber by the use of an emer-
gency listening jack. The insertion of the
trunk plug in such jack brings about the re-
operation of relay 2161 if the sender has not
been released. With relay 2161 operated a
circuit is closed from grounded conductor
1129; front contact of relay 2161, inner lower
front contact of relay 2505, uppermost front
contact of relay 2508, middle lower front
contact of relay 2515, lower winding of relay
9517 and battery, thus causing the series of
operations previously described to take place
resulting in the advance of the district and
the release of the sender and link. The oper-
ator may now ask the calling subscriber for
the wanted number.

If the call is to be completed by step-by-
step switches the decoder causes the operation
of class relay 2005 alone if only the numerical
designation is to be transmitted, and relays
2004 and 2005 together if the complete desig-
nation is to be transmitted. In the establish-
ment of such a call, direct impulses are gen-
erated by means of interrupter 2307. Inter-
rupter 2313 which is carried on by the same
shaft, but is opened when relay 2307 is closed
and vice versa, controls the counting relays to
determine the number of pulses to be trans-
mitted. The same transfer relays are used
for rendering the registers successively effec-
tive as in the call announcement type of call.

With relays 2004 and 2005 operated, a cir-
cuit is closed from battery through the wind-
ings of relays 2417, 2304 and 2409 in parallel.
Relay 2155 1s also operated and in turn oper-
ates relay 2151. Under these conditions
when sequence switch 2200 reaches position
16, for making the test of the outgoing trunk,
the fundamental circuit extends from the
fundamental tip at conductor 924, over the
lower back confact of relay 916, inner upper
front contact of relay 1142, lower right and
upper left contacts of cam 2209, back contact
of relay 2152, upper front contact of relay
2151, upper back contact of relay 2503, wind-
ing of relay 2510, upper winding of relay
2161, back contact of relay 1400, inner upper
back contact of relay 2501, lower back con-
tact of relay 2301, lower back contact of relay
2401, outer lower back contacts of relays 2502
and 2501, lower back contacts of relay 2503,
upper right and lower left contacts of cam
2216, through the compensating resistance
2043 or 2042 depending on the setting of this
register, upper contacts of cam 2217, outer
upper back contact of relay 916 to the funda-
mental ring.  'When the out-going frunk has
been selected and is ready to function, direct
battery is received over the fundamental cir-
cuit by relay 2510 which: operates, in turn
operating relays 2505 and 2506.

The step-by-step office is arranged when
receiving calls from a panel office to remove
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direct ground and connect a bridge across
the trunk. When this occurs relay 2510 re-
leases, but relays 2505 and 2506 are locked
up. The release of relay 2510 closes a cir-
cuit for relay 2301, which closes an obvious
circuit for relay 2305 and 2302. The op-
eration of these relays indicates that the
step-by-step trunk is ready for receiving
pulses. These relays in operating short-cir-
cuit the windings of relays 2510 and 2161
so that the fundamental circuit extends from
conductor 924 as above traced over the funda-
mental tip to the upper front contact of re-
lay 2151 and thence over the outer lower front
contact of relay 2301, inner upper back con-
tact of relay 2501, outer upper front con-
tact of relay 2302, inner lower back contact
of relay 2501, inner upper back contact of
relay 2502, outer lower front contact of relay
2302, outer upper back contact of relay 2501
to grounded conductor 1130, and from con-
ductor 923 to the upper right contact of cam
2916 as previously traced, outer lower back
contact of relay 2503, outer lower back con-

tacts of relays 2501 and 2502, back contact .

of relay 2401, middle lower front contact of
relay 2301, back contact of relay 2308 in
parallel with interrupter 2307, conductor
9998, resistance 2225, to battery over the con-
tacts of cam 2205.

With relay 2301 operated, a circuit is closed
for relay 2421, which closes a circuit for re-
lny 2420. Relay 2302 also closes a circuit
through resistance 2309 and the winding of
relay 2310. Relay 2310 operates only if the
contact of interrupter 2313 is open. If not,
a circuit is closed from battery through re-
sistance 2309, over the lower back contact
of relay 2310, and over the interrupter 2313
to ground in shunt of the winding of relay
2310 for the purpose of preventing a muti-
lated first pulse. When interrupter 2513
opens relay 2310 operates, preparing a cir-

cuit for relay 2815, to interrupter 2313 so

that when the interrupter again closes re-
lay 2815 operates. Relay 2315 closes a lock-
ing circuit for itself through the winding
of relay 2808, but relay 2308 cannot operate
until the interrupter 2313 opens the shunt
around its winding to the operating circuit
of relay 2315. With relay 2308 operated the
connection of battery to the fundamental cir-
cuit is under the control of interrupter 2307.

Following the operation of relays 2304
and 1227, either relay 2402 or relay 2404
or neither is operated according to the sta-
tions digit recorded on register 1210. When
sequence switch 2200 reaches position 15 fol-
lowing the operation of relay 1317, a circuit
is closed for either relay 2418 or relay 2403
according as relay 2404 is or is not operated.

As soon as relay 2403 or relay 2418 oper-
ates, a circuit is closed for relay 1105 which
supplies ground to the armatures of relays
1101 to 1104 from which it is extended over
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the front contact of the o'perat'edg»tandem
hundreds register relays to the windings of

relays 2316, 2317, 2314 and 2419. These re-

lays determine the number of ‘pulses to be
transmitted to the step-by-step office. The
first opening of the contact of interrupter
2307 following the. operation of relay 2308
transmits a.pulse to the step-by-step office.

A't this time interrupter 2813 has its contact
~closed completing -a circuit from ground

through the winding of the counting relay
indicated by relays 2816, 2317, 2314 and 2419.
When relay 2307 closes its contact at the ter-
mination of the first impulse, interrupter
2318 opens its contact allowing the second

relay of the pair to operate in the: locking

circuit of the first in the.usual manner.
Therefore as each pulse is sent out to the step-
by-stép office one of the pairs of counting
relays is operated and locked, The locking
circuit for the counting relays extends over
conductors 1424 and 1423, the upper front
contacts of relay 23810, inner upper normal
clciggact of relay 2311 to-grounded conductor
" Relay 1400 has no function during step-by-
step calls, but relay 1420 in operating opens
the locking circuit of relays 2315 and 2308
and closes a circuit through the winding of

relay 2312.. Relay 2812 further opens the

locking circuit of relays 2315 and 2308, closes

a circuit through resistance 2318 and the

winding of relay 2319, but relay 2319 is pre-

vented from operating by ground from the
front contact. of relay 1420, connécted over

~ the lower back contact of relay 2319 to re-

40

45"

50

sistance 2318 in shunt of the winding of re-
lay 2819. The release of relay 2308 connects
the shunt over its upper contact around inter-
rupter 2307 to prevent the transmission of
further pulses to the step-by-step office. Re-
lay 2312 also opens the operating circuit of
relay 2315 to prevent its premature reopera-

itself and opens the operating circuit for re-
lay 2310 which in releasing recloses the shunt
around its winding.. Relay 2310 also opens
the locking circuits for the counting relays
permitting them to release. As soon as relay
2310 releases, the circuit for relay 2819 is
closed but relay 2319 does not operate until

relay 1420 has released opening the shunt

~around its winding,

55

60

In order to allow time for the , s’c‘ep'-by,-yst.ep

selector to hunt and seize an idle outgoing
trunk, a period of time is counted off between:

digits. For this purpose the operation of

-relay 2319 closes a circuit- through the wind-

ing of counting relay 1414 and relays 1414,
1413,1412, 1411 and 1410 as well as 1404, 1403,
1402, 1401 and 1400 and 14920 are operated
under the control of interrupter 2313. When
relay 1420 operates it operates relay 2811

- which disconnects interrupter 2813 from the
65 - 0g 1

counting relay circuit, opens the locking cir-

tion. Relay 2312 closes a lockirg circuit for

cuit for the éounting relays and the loc'king- |
circuit of relay 2812 and locks to ground at -

the front contact of relay 1420 to 1nsure the
release ‘of that relay before relay 2311 also
releases. The release of relay 2312 also re--
leases relay 2319 and relay 2311 releases as
soon as relay 1420 releases so that the circuit is
now ready totransmit anotherset of impulses.

The remaining pulses are controlled in a°
similar manner by the interrupters, the count-
ing relays and the register relays.

70

75° '

Following the last digit relay 2320 oper- -
ates and locks and relays 2312 and 2319 oper- -

ate and relay 2310 releases to count off an in-
terval measured by five pulses similar to that
included between digits. . This is for the pur-

80-

pose of allowing the step-by-step office suffi-- '

cient time to recognize that pulsing is com-

pleted. “When relay 1420 operates a circuit

is closed for relay 2501 which opens the shunt
extending over its inner upper back contact.
and the outer lower front contact of relay

2301 around the windings of relays 2161 and -

2510. It also cennects battery from cam 2203
through resistance 2225, to the fundamental.

85..

90~

tip in place of the ground supplied over its

outer: upper back . contact, and  connects
ground to the fundamental ring over its lower

front contact, in place of the battery formerly -

supplied over the middle lower contact of
relay 2301. ) :

The reverse battery on the fundamental cir- .

05

cuit causes relay 2161 to operate in turn oper- * -

ating relav 2401. Relay 2401 releases relays
2421 and 2420. - With velays 2320 and 2501

operated and relay 2420 released, a cireuit is-

closed through the winding of relay 2502.
Relay 2502 in operating releases relay 2501,

closing a circuit through the winding of re- o5

lay 916. Relay 916 functions in the manner
previously described to cause the advance of
the district selector and the release of the link
and-the sender. S
If the outgoing call is to a step-by-step
office using five digits, the call will be made

essentially the same as the seven digit call.

1603

110¢

just described, except that relay 2005 alone -

2315 causes the operation:of relay 2428 in-

stead of operating relay 2424. The first digit -
by the -

transmitted: is therefore - controlled
tandem units register 1200. . -

- If the call is to be completed to a_
step office employing only four digits; class

relay 2005 is operated: alone as in the case

_tof a step;ﬁy-

-is operated and the first operation of relay -

of a five digit class. However, the tandem

-units digit set up in such a case will be zero.

or one, and as soon as relay 2403 operates,; a
circuit is closed through the windings of ze-

lays 2428 and 24927 in series over the outer

upper back contacts of relays 2814, 2316 and
2317 and thence to ground at the outer lower

operation of relays 2428 and 2497 transfers

the conductors controlled by relay 2427 di-

ox
ay

front contact of relay 2403.  The immediate -

L
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rectly to the armatures of relay 2408 causing
the transmission of the thousands digit first.

The foregoing description covers the com-
pletion of a call which progresses in a normal
manner. The progress of a call may be in-
terrupted either because the call is abandoned
at the originating office, because one of the
selector switches fails to find an idle trunk, or
because the sender itself fails to operate cor-

rectly.
Abandoned call

~ If the call is abandoned before the connec-
tion is completed, the sender is arranged to
release the apparatus involved, without wait-
ing to complete its operation. At the orig-
inating office the abandonment of the call
following the selection of the district selector
900 and the association of the tandem sender
therewith, is not effective to release the ap-
paratus at the originating office until the des-
1gnation has been transmitted to the tandem

sender although the number to be transmitted

may be translated in whole or in part to zeros
in a manner similar to that described herein-
after.

Tt will be remembered that, following the
reception of the last digit, relay 914 was op-
erated, in turn operating relay 910 and relay
915, relay 915 locking to grounded conductor
1181." Since the call has been abandoned, the
circuit of relay 914 will be opened, after an
interval, at the originating office and that re-
lay releases in turn releasing relay 910. With
relay 910 released and relay 915 operated, a

circuit is closed from battery through the

winding of relay 1001, inner lower back con-
tact of relay 904, upper frontcontact of relay
915, upper back contact of relay 910, lower
back contact of relay 1002 to grounded con-
ductor 1131. Since this circuit is carried
over a back contact of relay 904 it is apparent
that relay 1001 cannot be operated after the
time that the incoming selector has advanced
to apply reverse battery to the sender. Re-
lay 1002 also serves to cancel this early re-
lease of the sender if the timing operation, to
be described hereinafter, has functioned to
operate that relay.

Relay 1001 disconnects ground through a
resistance coil 1139, from the ring conductor,
and closes a circuit from battery through the
windings of relays 1000 and 1030 in parallel,
inner upper front contact of relay 1001 to
grounded conductor 1131. The operation of
relay 1000 further opens the incoming tip
and ring conductors and connects ground in
shunt of the lower winding of relay 905.
The upper winding of this relay is shunted
over the back contact of relay 904 so that
the resistance connected to conductor 919 is
reduced to such a point that relay 229 in the
district selector circuit operates, in turn op-
erating relay 226. The above operations do
not interfere with the decoding of the office
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code and the establishment of the funda-
mental circuit for district brush selections.
If the abandonment occurs while district
brush selection is in progress, which takes
place with sequence switch 2200 in position
2, the operation of relay 1000 opens the count-
ing relay circuit, so that the revertive pulses
from the district selector are ineffective and
the selector continues to move upward until
the top of the bank is reached. This opera-
tion causes reversed battery to be connected
to the fundamental circuit, operating relay
9161. Relay 2161 in operating closes a cir-
cuit from grounded conductor 1129, front
contact of relay 2161, inner lower back con-
tact of relay 2505, lower right and upper left
contacts of cam 2212, outer lower front con-
tact of relay 915, upper back contact of relay

1027 to conductor 2048, back contact of relay

2015, upper back contact of relay 2025, con-
ductor 1029 upper back contact of relay 1002,
winding of relay 1028 to battery. ‘
Relay 1028 closes a circuit from battery
through the winding of relay 1005, outer
lower front contact of relay 1028 to grounded

conductor 1181. Relay 1005 locks to ground-

ed conductor 1129. Relay 1028 also closes a
circuit from battery through the winding of
relay 1002, upper front contact of relay 1028
to grounded conductor 1131. Relay 1002
locks over grounded conductor 1029 opening
the circuit of relay 1028 which now releases

closing a circuit from grounded conductor

1181, back contact of relay 1028, inner lower
front contact of relay 1002, back contact of
relay 1025, back contact of relay 1031, lower
winding of relay 1032 to battery. Relay 1032
locks to grounded conductor 1129 and closes
a circuit from battery through the winding
of relay 916, front contact of relay 1032, back
contact of relay 1027, conductor 1033, lower
right contact of cam 2218, upper left contact
of cam 2201 to ground. Relay 916 locks to
conductor. 1129 and operates relay 904 re-
storing the sender to normal in the manner
above described. ,

The sender functions in a similar manner
if the call is abandoned during either office
prush selection, incoming brush selection or
any of the final selections, since the counting
relay circuit extends over a back contact of
relay 1000 during these selections. If the
abandonment occurs during district group se-
lection, office group selection or incoriing
group selection, the counting relay cireuit is
not opened and the call progresses normally
to the next brush selecticn where the opera-
tion of relay 1000 is effective to drive the se-
lector to tell-tale.

In the case of a call to a manual office
equipped with a relay call indicator or for
receiving calls by call announcement, if the
call is abandoned while the trunk outgoing
to the manual office is being tested and before
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switch 2200 will be in position 16.. Relays
1001, 1080 and 1004 will be operated as above
described. Ground is connected to the wind-
ing of relay 905 by relay 1000 signaling the
district selector that the'call has been aban-
doned.  As described in the normal operation

- of the circuit, relay 2002 will be operated in

10

15

20

- 25;

3¢,

35

40

turn operating relay 2160 in the case of a call
to a call indicator office, and relay 2004 in the
case of a call to'a call announcer office, in turn
operating relays 2508 and 2509. For a call
indicator call, when' the outgoing ‘trunk is
found, relay 2159 is operated in the testing
circult in turn operating relays 2157 , 2504
and 2041. As soon as relay 2504 cperates, a
circuit is closed from battery through the
winding of relay-2025, lower front contact
of relay 1030, conductor 2527, inner lower
front contact of relay 2504, second upper
front contact of relay 2160 to grounded con-
diuctor 2208. In the case of the call announcer
call, relay 2503 is operated when sequence
switch 2200 reaches position 15.- Therefore
the trunk test cireuit extends through the
winding of relay 2510, which relay operates,
as soon as the outgoing trunk is found. Re-
lay 2510 in turn operates relay 2505. If the
call is abandcned at this time, relay 2025 is
operated in a circnit extending over the lower
iront contact of relay 1030, conductor 2527 )
second upper front contact of ‘relay 2508,
outer upper front contact of relay 2505, upper
back contact of relay 2160 to grounded con-
ductor 1131. Relay 2025 locks directly to
conductor 1131. : : ,

Relay 2025 in either case closes a circuit
for relay 916 which may be traced from bat-
tery through the winding of relay 916, outer
upper back contact of relay 2012 to ground at
the inner upper front contact of relay 2025.
Relay 916 performs its usual function for re-
leasing the sender. Relay 2012 is arranged
to be operated whenever the route relay of

the decoder indicates that connection is to

45

be extended through a two-wire office which

requires a heavy positive pulse for its re-
lease. Therefore with relay 2012 operated,

-~ the circuit for relay 916 closed by relay 2025

65

is opened at the contact of relay 2012 so that

9 the connection is not immediately released but

the transmission of the code pulses or the call

announcement progresses as for a normal

call, after which relay 904 or. relay 916 is
operated in the usual manner, to release the
sender and link. o

1t will be remembered that in the case of the

call indicator call the pulses which cause the
operation of the register relays, that is, the

‘heavy negative pulses and the positive pulses,
8 are generated over circuits which extend over:

back contacts of relay 1001. The operation
of relay 1001 opens these circuits so that a
series of light negative pulses are sent, which
will be recorded: as zeros at the distant office.

These zeros start. with the first digit to be

transmitted following the abandonment of

the call. ‘Relay 1001 when operated also con-
nects the fundamental tip conductor over its
outer lower front contact to the
contact of cam 1520 which is. connected to
ground over the right contact of cam 1521.

This cireuit is similar to that closed over the .

back contacts of the first and third register
relays for the purpose of discharging the
interoflice trunk by ground connected to both

sides of the fundamental cireuit before an -

openor blank pulse is to be sent. _
In the case of the abandonment of a call
announcer call during pronouncement, the
operation of relay 1080 closes a circuit from
battery through the lower winding of relay
2517, outer lower front contact of relay 2515,
conductor 2526, inner upper front contact of
relay 1030 to grounded conductor 1131. Re-

lay 2517 performs its regular functions to-

stop the announcement and to release the
sender, link cireuit and district selector. |
If a call is abandoned in the case of a call

“to a step-by-step office during the test of the

outgoing trunk or during pulsing to the step-

by-step office, the operation of relay 1000 con- -

nects ground to the middle winding of relay
905 as a signal to the district selector. Re.
lays 2155, 2417, 2409 and 2304 are operated in
response to the operation of class relay 2005.
When the test circuit is established, relay 2510
is operated in turn operating relays 2505 and
2506.. When the apparatus at the step-by-step
office has functioned, relay 2510 releases, op-
erating relay 2301 which in turn operates re-

lay 2421 and 2420.- At this stage of the op-

upper right .
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eration, with the call abandoned a circuit is

closed from battery through the winding of-

relay 2308 and its inner upper back contact,
lower normal
er front contact of relay 2506, middle upper
front contact of relay 2420, uppermost front
contact of relay 1000, right contacts of eam
2210, innermost upper contact of relay 2304
to ground at the outer upper front contact
of relay 1227. Relay 2303 locks over its in-
ner upper front contact to grounded conduc-
tor 2507 until sequence switch 2200 returns
to-normal: Tt also closes a circuit from bat-
tery through the, winding of relay 2320, in-
ner lower front contact of relay 2303 to the
operating circuit of relay 2308. Relay 2820
also locks to conductor 2507, Relay 2301 also
operates relay 2302. With relay 2320 op-
erated, a circuit is closed from ‘battery
through the winding of relay 2501, outer up-
per back contact of relay 2502, outer upper
iront contact of relay 2320, middle upper
front contact of relay 2302, conductor 2526,
inner upper front contact of relay 1030 to
grounded conductor 1181. Relay 2501 re-
verses the connection of battery and ground
to the fundamental circuit, after which the
release of the connection is
regular call, : :

contact of relay 2820, inner low-

the same as fora-
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Selector to overfiow or tell-tale

- 1f any of the panel type selector switches
is not brought to rest properiy while- making
selections, it will be driven to the top of its
bank or tell-tale, and if it fails to find an idle
trunk, it will be driven to a set of terminals
between the trunk groups or overflow termi-
nals. In either event the selector is operated
to return reverse battery to the sender. Re-
lays 2000 and 2161 are both operated by this
reverse battery, but relay 2000 is ineffective
during distriet and office ‘selections. Relay
9161 locks and if all of the incoming pulses
have been réceived so that relay 915 is aiso
operated and locked, it cioses a cireuit from
battery through the winding of relay 1028,
upper back contaet of relay 1002, ‘conduc-
tor 1029, upper back contact of relay 2025,
lower back contact of relay 2015, conductor

2048, upper back contact of relay 1027, outer’

lower front contact of relay 915, upper left
and lower right contacts of cam 2212, or the
left contacts of -cam 1911, inner lower back
contaet of relay 2505, front contact of relay
2161, to grounded conductor 1129. :

Relay 1028 in turn operates relays 1005
and 1002. Relay 1005 locks andtogether with
relay 1002 connects ground from conductor
1131 over the second lower front contact of
relay 1002, inner front contact of relay 920,
lowermost front contact of ‘relay 1005, to the
lower winding of relay 905 as a signal to the
district that ‘the connection cannat be com-
pleted. It also opensthe circuit of relay 2160
and a circuit over which battery through re-
sistance 918 is connected to ‘the armature of
relay 903 during normal release. '

Relay 1002 opens the circuit of relay 1028
which now releases. Belay 1002 locks to con-
ductor 1029 and opens the operating circuit
of relay 915. Relay 1002 connects grounded
conductor 1131 over-the second front contact
of relay 1002, middle front contact of relay
920, inner lower back contact of relay 1000,
outer upper back contact of relay 1001 to con-
ductor 992 and through the link to conduc-
tor 227. The connection of Tlow resistance
ground to conductor 221 causes the opera-
tion of relay 229 and the connection of
ground to conductor 227 thereupon operates
relay 226 which functions to give a tone to
the “calling subscriber indicating that the
call could not be completed. - Relay 1002 also
opens the operating circuit of relay 920 but
that relay is slow to release thus insuring
that relay 226 has time to .operate before the
ground 1s removed by the release of relay
920. . _ :
When relay 1028 releases, a circuit is closed
for relay 1032, which locks and closes a cir-
cuit for relay 916. Relay 1032 also closes a
cirenit .over which hattery is conneqted to
the contact of relay 903. With pelays 229

and 926 operated the district selector s ad-
vanced to return a tone to the calling sub-
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scriber instead of to talking position. The
advance of the district selector releases the
sender and the link. , ,

It will be apparent from a consideration of
the drawings, that the operations above de-
scribed are effective in positions 2 and 4 of
sequence switch 2200 in which district selec-
tions are made, in positions 7 and 9 in which

first office selections are made and in posi-
tions 12 and 14 in which second office selec-
tions might be made.

If the district selector fails to find an idle
trunk so that it goes to overflow, sequence
switch 2200 will be in position 6 and the high
resistance relay 2159 and polarized relay 2161
are included in the testing circuit as well as
resistance 2040. Therefore when the dis-
trict selector advances to return reverse bat-
tery to the sender, relay 2159 operates, but
the resistance in the circuit is too great to
permit relay 2161 to operate. Relay 2159
causes the advance of the sender to position
7 in the usual manner. In position 7 the re-
sistance in the fundamental circuit is de-
creased so that relay 2161 may operate, in
turn operating relay 1028 and bringing about
the release of the sender in the manner above
described. -

Since the circuits for making second office

y0

90

selections have been omitted, the test of the gg

trunk outgoing from the office selector takes
place in position 16. If the office selector
goes to .overflow, returning reverse battery
to the sender, relay 2159 operates alone and
sequence switch 2200 is advanced to position
18 and sequence switch 1900 to position 7.
Tn this position relay 2161 can operate and
in turn .operates relay 1028 to release the
connection -as above described.

In the case of a call to a call indicator
office, the fundamental circuit during trunk
test does not include resistance 2040 and
therefore the relay 2161 is operated at the
e time as relay 2159. Relay 2159 ad-
vances sequence switch 2200 to position 17
and relay 2161 .operates relay 1028. Relay
1028 performs the functions above describad
to release the connection. In thisclass of call
relay 1005 connects relay 2000 in parallel
with relay 2159, for the purpose of allowing
sufficient current to flow to operate any two-
wire office zelector which may be included in
the .connection. The parallel circuit may be
traced from the right terminal of relay 2159,
middle and outer upper front contacts of re-
lay 2152 which is _qperatedduring call indi-
cator calls, conductor 2162, outer upper front
contact of relay 1005, conductor 1034, wind-
ing of relay-2000, left contacts of cam 2215,
te the left terminal of relay 2159.

In the case of calls to.call announcer offices
or step-by-step offices, the test circuit extends
through the windings of relays 2161 and 2510
and reverse aurrent operates relay 2161 alone
which in turn operates relay 1028.
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During incoming brush selection, sequence.

switch 1900 is in position 7 and the reverse
battery from the ncoming selector due tothe

_selector going to tell-tale causes the opera-
5 tion of relay 2161 and the remaining func-

tions controlled by that relay in the manner
described. During the subsequent selections

the operation of relay 2161 causes the opera- .

tion of relay 1028 as before and also closes

102 circuit from battery through the winding
of relay 917, upper contacts of 1611
ay 917, upper contacts of cam 1911,

inner lower back contact of relay 2505, front
contact of relay 2161 to grounded conductor
1129. 'With relay 917 operated, the operas

15 tion of relay 2000 closesa cireuit from ground.

over the contacts of relay 2031 and the con-
tact of relay 2000 to conductor 2030, Iower
front contact of relay 917, to the winding
clrelay 1410 and battery over conductor 2206,

20° After an interval the reverse battery is re-

moved releasing relay 2000 and permitting
relays 1400 and 1420 to operate in the cir.
cuit of relay 1410,
1420 connects ground over its front contact,

25 upper front contact of relay 917, lower right

and upper left contact of cam 1912, conductor
1033, lower contact of relay 1027 to the inner
upper front contact of relay 1082 for operat-
ing relay 918,

for releasing the sender and advancing the
district selector. The operation in ease the
incoming selector goes to overflow, or the

final selector goes to tell-tale during any of

35..its selections is the same as far as the sender

is concerned. ,
Time out of sender ,
The operation of relay 1010 from time to

40-time throughout the establishment of the

connection as above described to mark vari-
ous stages of the operation of the sender, con-
nects ground from conductor 2927, over its
upper front contact, back contact of relay

4521011 to conductor 1015 and the vibrating con-

tact of interrupter 1012.

When interrupter 1012 closes its contact, a
circuit is completed from battery through
resistance 1014, winding and normal contact

59"0f relay 1018, contact of interrupter 1012, to

grounded conductor 1015.  Relay 1013 locks
over its alternate contact to conductor 1015
and prepares a circuit from battery through

resistance 1017, winding of relay 1016, alter- .
s nate contact of relay 1018 to grounded con-

ductor 1015. Relay 1016 cannot operate since
its winding is shunted by ground from con-
duetor 1015 over interrupter 1012, inner low-
er back contact of relay 1016 to resistance 1017

. C0 as long as the interrupter contact remains

closed. - When interrupter 1012 opensits con-
tact, relay 1016 operates. When relay 1016
operates it closes a circuit from battery
through resistance 1023, winding and normal

- Co-contact of relay 1019, outer lower front con-

The operation of relay

; With these exceptions the op-
80-eration 1s the same as previously described

tact of relay 1016 to grounded conductor

1015.  Relay 1019 locks over its alternate con--

tact to conductor 1015 and prepares a circuit
from battery through resistance 1018, wind-
ing of relay 1020, alternate contact of relay
1019 to grounded conductor 1015. Relay
1020 cannot operate until relay 1016 releases
being shunted by ground over its own back
contact and the front contact of relay 1016,

The next closure of the contact of inter-
rupter 1012 connects ground over the inner
lower front contact of relay 1016 to resistance
1014 in shunt of the winding of relay 1013
which releases opening the operating circuis
of relay 1016. However, relay 1016 is held
operated over the normal contact of relay

1013, and the contact of interrupter 1012, un- .

til the interrupter opens its contact. When
this occurs relay 1016 also releases opening
the shunt around relay 1020 which now op-
erates.. With relay 1020 operated a circuit is
closed from battery through the winding of
relay 1021, lower front contact of relay 1020,
inner back contact of relay 1022 to grounded
conductor 1015. Relay 1021 locks through
the winding of relay 1022 and its own front
contact to conductor 1015. Hewever, relay
1022 cannot operate as long as relay 1020
holds the operating circuit for relay 1021
closed. , , :

With relay 1021 operated, and relay 1016
released, a circuit is closed from battery
through the upper winding of relay 1024,
lower front contact of relay 1010, outer upper
front contact of rvelay 1020, middle back con-
tact of relay 1016 to ground. Relay 1024 in
operating prior to the extension of the con-
nection to the distant office closes.a circnit
from battery through the upper winding of
relay 1027, outer upper front contact of ve-
lay 1024, and thence over conductor 1036, up-
per back contact of relay 2002, and the up-
per back contact of relay 2509, or over the
upper back contact of relay 2505, and the
back contact of relay 2160, to grounded con-
ductor 1181. Relay 1027 closes a circuit from
battery through the winding of relay 1028,

19
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upper back contact of relay 1002, conductor ‘

1029, over the upper back contact of relay
2025, lower contact of relay 2015, conductar
2048, outer upper front contact of relay 1027,
te grounded conductor 1181, Relay 1028 in-
itiates the release of the sender and the ad-
vanee of the.district in the manner previously
described.

The next operation of interrupter 1012 op=
erates relay 1013 which prepares the cireuit
of relay 1016. At the opening of the inter-
rupter contact, relay 1016 operates closing a

eircuit from conductor 1015 over the lower-

front contact of relay 1016, inner upper front
contact of relay 1020, to resistance 1023 in
shunt of the winding of relay 1019 which
releases. Relay 1020 is held operated over
the normal contact of relay 1019 and the
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. relay 1011, lower front cor
outer lower front contact

20

lower front contact of velay 1016, The next
closure and opening of the interrupter 1012
1 0 1

releases refays 10
fore. When vel

uit for relay 1020, it
lay 1022 to operate.

If the sender has fail ase at this
time, the operation oI 22 closes a

circuit from battery tl

3
b
q

ol £ relay 1024,
0 v 1022, lower
back contact of relay 1019, outer Jower back
contact of relay 1016 to grounded conductor
1015. Relay 1011 disconuects ground from
conductor 1015 thus stopping the operation of
the timing velays. Relay 1011 tocks to
grounded conductor 11 1 cloges a circuit
from ground through interrupter 1045, lower
front contact of relay 1011, §
tery, flashing lamp 1026 to indicat

- the windine of
H rTRe WInaing ox

iamp 1026, to bat-
2 tnat the
sender has failed to vestove nal prop-
erly. It also cperates an aud larm cir-
cuit (not shewn). Theco werrupter
1012 is closed for approxii ne second
and openad for six sec £ the inter-
val from the operation 0% 1 1010 to the
operation of relay 1024 3
to 14 seconds depending upon the relation
ship of the operation of z

cycle of operation of the & r.  The
operation of relay 1011 cccu en sec-
onds after the operation of r 4.
Under certain condition 1 ois at-
tached to conductor 1015 witl v 1010 un-
operated. In that case the above

traced for relay 1024 is open at the lower
front contact of relay 1010 and the release
of the connection is not initiated at the end
of the seven to fourteen second period. In-
terrupter 1012 contintes to function operat-
ing relays 1013 and 1016 and velays 1019 and
1030 over the cycle above described. Relays
1021 and 1022 remain operated and locked.

When relay 1018 releages fo t the opoer-
ation of relay 1020, a cireuit is closed, since

1092 is now alse operated, from bat-
wding of velay 1024,
relay 1022

relay
tery through the lower
inner lower front contact of
upper front contact of relay
at the middle lower back relay
1016. At this time a peried of from 35 to
49 seconds has elapsed. After an additional
period of fourteen seconds relay 1011 ig oper-
ated over the cirenit previously traced.

Tt will be remembered that relay 1010 is
operated as soon as relay 908 operates fol-
lowing the seizuve of the sender in position 1
of sequence switch 2200. It is released and
reoperated as sequence switch 2200 passes
from position 1 to pesition 2 at the beginning
of the registration of the second dizit. It 13
released when sequence switch 2200 leaves
position 4 following the completion of the
district selections and is reoperated if no two-
wire office selector is included in the con-
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nection when sequence switch 2200 reaches
position 534 for the testing of the trunk out-
going to the first office selector. It is released
following the office selections and reoperated
in position 10 prior to the establishment of
the circuit for testing the trunk outgoing to
a possible second office selector. It will be
remembered that the second office selections
were omitted from this disclosure and that
sequence switch 2200 was advanced immedi-
ately through the positions for making these
selections. Relay 1010 is released when se-
quence switch 2200 leaves position 14%4.
The later operation of relay 1010 depends
upon the class of office at which the call is
to be completed. If the call is to be com-
pleted at a panel type office, relay 2155 is
not operated and relay 1010 is reoperated in
position 16 over cams 2221, 2202 and 2201,
When sequence switch 2200 leaves position 16
following the test of the trunk outgoing to
the distant office, relay 1010 is released but
is reoperated in positions 17 and 18 over cam
1913 until sequence switch 1900 leaves posi-
tion 6. Tt is reoperated in position 7 of se-
guence switch 1900 at the beginning of in-
coming selections and is released and reoper-
ated between final brush and final tens selec-
tions. If the call to be completed is directed
to a-call indicator office, an-cffice equipped
for receiving call announcements or a step-
by-step office, relay 1010 is operated in posi-
tion 16 of sequence switch 2200 over a back
contact of relay 2506, back contact of relay
2504, and cam 2226. In the case of a call an-
nouncer call or a step-by-step call, the opera-
tion of relay 2506 due to the closure of the
outgoing trunk releases relay 1010 while in
the case of a call indicator call the operation
of relay 2504 opens the circuit of relay 1010.

Tt is therefore apparent that, generally
speaking, the period of from seven to four-
teen seconds is allowed for the completion
of selections by any selector and the estab-
lishment of the interoffice trunk provided no
two-wire office is to be included in the con-
nection. Ifa two-wire office is to be included
in the connection, the circuit of relay 1010
is open at the contact of relay 2012, but
ground is connected to conductor 1015 over
the back contact of relay 1010, conductor
1085, inner upper front contact of relay 2012
and thence to ground over cams 2221, 2202,
and 2201 in positions 53} to 9 and 10 to 14%4
of sequence switch 2200; over the back con-
tact of relay 2155 and cams 2221, 2202, and
9901 in position 16 of sequence switch 2200
and over cams 1918, 2222, and 2201 in posi-
tions 17 and 18 of sequence switch 2200 and
positions 1 to 6, 7 to 11 and 12 to 18 of se-
quetice switch 1900; or over the back contact
of relays 2506 and 2504 and cam 2226 to the
back contact of relay 1420 in position 16 of
sequence switch 2200. In other words, with
relay 2012 operated, the stages of operation
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- are the same, but ’ché time allowed is 85 to

42 seconds instead of 7 to 14 seconds. =~
In addition to these circuits which depend
upon - the operation of relay 2012, conductor
1015 is greunded over conductor 1035, next
to the outer upper front contact of relay 2508,
outer upper front contact of relay 2506, back
contact of relay 2504, cam 2296 and thence to
ground - at -the back contact of: relay 1490,
Relay 2506 is operated in connection with
call arinouncer and step-by-step calls as soon
as the interoffice trunk is found and is re-
leased when the operator or the step-by-step

. equipment responds. The period of waiting

15

20

e

for response at the distant office is always the

- longer period. In the case of the call indi-

cator call, relay 2160 is operated when the
outgoing trunk is found and ground is con-

- nected to conductor 1035 over the inner up-
per front contact of relay 2160.and cam 2218

in positions 16 to 18 of sequence switch 2200,

When the operator responds; relay 2160 is

released and sequence switch 2200 advances
to position 17. In this position ground is
connected to conductor 1035 over the inner
lower front contact of relay 2152, and cam
2201 in positions 17 and 18 of sequence switch

2200. Thus the longer period is allowed for-
the response of the operator: and for the

transmission ‘of pulses to that operator. In

the case of a step-by-step-call ground is eon-:

nected to conductor 1085 over the front con-
tact of relay 2005 and cam 2218 in: positions

16 to 18 of sequence switch 2200, thus allow-

ing the maximum period from the response
of the step-by-step office, which releases relay
1010, to the release of the sender. L

Relay 1024 when operated as: above de-

~scribed locks over its inner upper front con-

tact to grounded conductor 1131, Tt will .be

remembered that the circuit through the up-

per winding of relay 1027, closed by relay
1024, extends over either a back contact of
relay 2505, and a back contact of relay 2160,
or over a back contact of relay 2002; and a
back contact of relay 2509. Relay-2002 is

operated during all call indicator calls and-

relay 2160 is operated when sequence switch:

2200 reaches position 16- for' the establish-
* ment.of the circuit over the interofiice trunk.

Therefore this cireuit for relay 1027 1s.in-
cffective during the period that the call is

- awaiting response of the operator at the call

mdicator office. Likewise relay 2509 is op-
erated when the call is to be extended to the

call announcer office and relay 2505 ig op-i

erated when the trunk is closed to the dis-
tant office so that the circuit iy also ineffec-
tive for the period during which call an-
nouncer calls are waiting assionment. It is

effective for calls to panel offices and -for

calis to step-by-step offices.. A second cir-

cuit is provided for relay 1027 which €X-

. tends from conductor 1181 over. the upper

back

contact of relay 2160, upper front con-

tact of relay 2505, ﬁ_extto the inner upper con-
tact of relay 2508, to conductor 2527 or from

- grounded ‘conductor 2208, over next to the’

inner front contact of relay 2160, inner lower
front contact of relay 2504 to conductor 2527

-and thence over the middle upper front

centact of reley 1024 through the lower wind-
ing of relay 1027, conductor 1037, lower back
contact of ‘relay 2025, conductor 2049 to the
armature of relay 736. If key 706 in the
trouble recorder control circuit. is operated,
relay 786 is operated and the above traced
cireuit of relay 1027 extends to battery over
the contact of relay 786. From an examina-
tion of the circuit it will be apparent that
the first branch traced is effective as scon
as the test circuit is established to the dis-
tant office in the case of a call announcer
call and-the second branch ig effective at a
similar point in a call indicator call and
both are effective only if the waiting as-
sighmenit key 707 is operated in the recorder

~circuit, If-the call has been abandoned so
that relay 2025 is operated, the above traced

circuit through thé lower winding of relay

21
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1027 is extended over the outer lower front -

contact of relay 2025, middle upper front

~contact of relay 2012 to battery.

~ With relay 1027 operated over any of the

above traced circuits, the cirenit through the

winding of . relay 1028, over the back con-
tacts of relays 1002, 2025 and 2015, and the
front contact - of - relay 1027 is closed as
previously described. Tt will be apparent
that this circuit for relay 1028 is not closed
if relay 2025 is operated to indicate that

the call has.been abandoned. Relay 2015 is -

also operated from the decoder whenever a
call is to be extended to a test line, thus pre-
venting the operation of relay 1028 for such
a-call. In case relay 1028 is not operated, the
operation of the timing relays causes the op-
eration of relay 1011 which lights the stuck

“sender lamp 1026, sounds an alarm and stops

the timing operation.” With relay 1028 op-
erated, ‘relay 1005 is operated and locked,
relay 1002 operated and lockec
1028 released as above described.

- Whenever relay 1028 operates, because  se-.
lector has failed or the sender has timed out, -

a circuit is closed for recording on the trouble

95

100

105

110

, and relay

register ‘the stage at. which the call failed. -

This circuit may be traced from grounded

conductor 1131, upper- front and middle
lower front contacts of relay 1028, normal
contact of relay 1082, inner upper normal
contact of relay 1031, middle and upper wind-
ings of relay 1025, inner lower front contact
of relay 1028 and thernce over the upper back
contact "of relay 1080 (indicating that the
call has not been' abandoned) or over the
lower front contact of relay 1027 (indicating
that a call has timed out) to the upper arma-
ture of relay 1107. Ifno digits have been reg-
istered at'the-time relay 1028 operates, the’

120
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circuit extends over the upper back contact
of relay 1107, conductor 113, outer right
normal contact of key 700, right winding of
relay 710 to battery. Relay 710 closes a cir-
euit from battery, through the winding of
trouble register 720, left winding of relay
710, front contact af relay 710, to ground
through jack 750. When register 720 oper-
ates, it eloses & shunt. arourd the windin%lgf
relay 710 so that relay 710 will release when
ground is removed hy the sender. Relay
1025 cannot operate, in series with relay 710.

When relay 1002 operates, relay 1028 is re-
Jeased and relay 1002 eennects ground from
conductor 1029, over which relay 1028 was
operated, over its upper front. contact. to the
cireuit. of relay 1025 in place of the ground
supplied by relay 1028 and closes at its
Tower front contact a substitute for the outer
lower front contact of relay 1028. The oper-
ation of relay 1002 and the release of relay
1028 close & circuit. for relay 032 which. op-
crates and locks to grounded comductor 1129,
Relay 1032 opens the circuit of velays. 1025
and T10 so that relay 710 releases..

"Relay 1082 closes a circuit from battery
through the winding of relay 916, upper front
contact of relay 1032, inner lower front con-
taet of relay 1027, inner lewer front contact
of relay 1005 to grounded cenductor 1129.
Relay 916 performs the function: previsusly
described to bring about the release of the
sender and the advance of the district selector.
The connection of ground to cenductor 922
in combinatien with the conneetion of ground
threugh the low resistance winding af relay
905, ta condustor 919 causes the operation oh
marginal relay 229 follewed by the operation
of relay 226.

T£ relay 1028 is operated after the first neg-
ative impulse of the first digit has been re-
ceived, as indicated by the operation of relay
1107, and before the designation has “been
completely registered as indicated by the op-
cration of relay 1120, the register circuit ex-

tends as above traced to the armature of re-

tay 1107 over its outer upper front. contaet,
outer upper back contact of relay 1120, con-
ductor 1151, outer right contact of key 701,

... winding of relay 711 to battery. Relay 711

the. operation of meter T21.

If relay 1028 operates after the aperation
of relay 1120 and before the operation . of
relay 1008, as an indication that. translation
has Been completed, the eircuit traced extends:
over the outer upper front comtact of relay
1120, Tower back contact of relay 1003, con-
ductor 1088 to key 702 and relay 712 operat--
ing meter 722.. With registrations.completed
and relay 1003 operated, the. circuit. extends.
over the front cantact of relay 2003 to-cam
2933, and themee:in. positions-1 to-5.of sequence
switch 2200 over comductor 2229 to key 703
and relay T13, operating meter 723.. In po-
sitions. 6 ta. 15 of switch 2204 the circuit ex-

canuses
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tends over conductor 2230 to key 704 caus-
ing the operation of register 7 24, With se-
quence switch 2200 in position 16 the circuit
extends over the upper right contact of cam
2998, eonductor 2231, back contact of relay
2504, back contact of relay 2505, conductor
2520 to key 705 operating register 725. This
cireuit- exists until the trunk eutgoing to the
distant office has been clesed through, which
results in. the case of a panel call or a call
indicator call in the operation of relay 2504
and in the case of a call announcer or step-
by-step call in the operation of relay 2505.
With. either relay 2505 or relay 2504 oper-
ated the circuit is extended over the front
contact of the relay to conductor 2528 and
the armature of relay 904. In the case of a
call indicator call and a panel call, sequence
switeh 2200 is advamced out of position 16
imio pesition 17 for the transmission of call
indicator impulses, and into positien 18 for
controlling incoming and final selections. In
the case of @ call indicator eall relay 2155
is operated and the register circuit is extend-
ed from the frout contact of relay 1003, over
a. braneh of the circuit above traced to cam
2998 which. extends over the right contaets
of eam 2293 te conductor 2232 and the arma-
ture ef relay 2155; ever the front eontact of
that velay to the conductor 2528 and the ar-
mature of relay 904. In the case of a panel
call relay 2155 is not operated and the cir-
cust extends over the back contact of that
relay, conductor 2163, to cam 1914, whence
it extemds in positions 2 to 9 of sequence
swikeh 1900, during which incoming. selee-
tions occur te: conductor 1915 and key 707
operating register 727. In positions 10 to
15 of sequence switch 1900, during which
final selectiens eccur, the circuit extends
over eonductor 1916 to key 708 operating
registey 728. In positions 16 to 18 the eir-
cuit: extends over conduetor 1917 to con-
duetor 926. From the establishment of the
trunk cireuit to the operation of relay 904
to bring about the release of the sender, the
cireuits above traced over conductor 2528
are extended fronr the back contact of relay
904 to conduetor 925 and key 706 causing the
operatian of register 726. When final selec-
tiens are completed or relay 904 has been
operated to release the sender, the register
cireuit extends te conductor 926 over the
front contact of relay 904 or as traced over
cau’xz ;gl‘} and then to key 709 operating regis-
ter 729,

It is apparent that the several registers

diwide the operation of the sender into a se-
ries of stages which may be generally out-
lined as fellows: (1) From seizure to the
registration of the first digit. (2) Registra-
tion. (3) Translation. (4) District selec-
tion. (5) Office selection. (6) Trunk test,
Panel or relay eall indieator, Call announcer
or step-by-step. (7): Awaiting assignment—

10

5

85

96

100

105

110

115

122



«

- 10

30

o
@t

1,848,174

Relay call indicator, Call announcer or step-
by-step. (8) Incoming selection. (9) Final
selection. (10) Advance for release. ;
The failure of the sender in any of the
above enumerated stages -is recorded on the
registers of the trouble recorder which are
cominon to all of the senders of the office. I
the failures as thus recorded seem excessive
in any one period the trouble recorder printer
of Fig. 8 may be brought into operation to
make a record of the identity of the sender
and the identity of the district selector in-

~volved, the designation of the wanted Iine and

the stage at which the call failed. With this
record it is possible to determine much more
quickly and accurately the location of the
cause of the trouble. S

Printing trouble record

Assume for-example that register 724 indi-"

cates that an excessive number of failures
have occurred during office selections. Key
704 will .be operated for the purpose of ob-
taining a printed record of these failures.
Therefore, when relay 1028 connects ground
through the middle and upper windings of
relay 1025, over the front contacts of relays
1107,1120 and 1008 and cam 29928 toconductor
2230 the circuit-extends over the inner right

' operated contact of key 704, inner right nor-

mal contacts of keys 703, 702, 701 and 700,
lower back contact of relay 401, upper back
contact of relay 301, outer upper back con-

tact of relay 402, through resistarce 403 to

battery. S

Relay 1025 operates in.this circuit clozing
a locking. circuit for itself from battery
through . resistance 403, through the middle

- winding of relay 1025 alone, over the upper

N ¥
=)

1)

.
]

iront contact of relay 1025 to grounded con-
ductor 1129. - The ground connected o -the
middle winding of relay 1025 completes a cir-
cuit through the middle and lower windings
of relay 1025 to battery. These circuils
through the windings of relay 1025 prevent
its operation in series with one of the meter
control relays and also prevent its operation
if a sender has already connected with the
trouble recorder. - If two senders attempt to

*7. connect with the recorder-at practically the

same-time the first relay, such as relay 1025,
to connect ground through its middle swind-

ing to conductor 2230 reduces the potential on.
.- tha$ conductor so that the remaining relay

cannot operate. : , R
With relay 1025 operated the release of re-
lay 1028 closes a circuit from grounded con-

ductor 1181, upper back contact of relay

1028, inner lower front contact of relay 1002,

* front contact of relay 1025, upper winding of

relay 1031 through resistance 1029 to battery.
Relay 1081 locks over its next to the outer
upper front contact, back contact of relay
1032 (which is not operated since relay 1025

' is operated) inner upper front contact of

relay 1002 to ground over conductor 1029.
Relay 1081 opens the energizing cireuit of
relay. 1025.© While relays 1028 and 1002 are
not specifically slow-to-reledse and slow-to-

23

operate relays their combined operating and 70

releasing time is sufficient to permit the oper-
ation and locking of relay 1025 even though
two or more senders require the trouble re-
corder simultaneously. Relay 1031 operates
relays 1008,
its inner lower front contact.

~ Relay 1031 also closes a circuit from ground
over its inner upper front contact to the
winding of relay 916, in preparation for the

1007 and 1006 in parallel over 75

release of the sender. Relay 916 in turn op- 80

erates relay 904 which opens the shunt around
the middle winding of relay 905, introduc-
ing its high resistance in the circuit of relay
208. Relay 208 releases, causing the district

selector to advance to position 12 where it 85

cornects ground to the winding of relay 905

‘and that relay releases in turn releasing re-

lays 906 and 907. With relay 907 released,
relay 903 is operated and locks to conductor
919. Since relay 1005 is operated and relay 9
1032 is not, the circuit from battery through
resistance 918 in parallel with the locking cir-
cuit of relay 908 cannot be closed and the re-
lease relay of the link remains unoperated.
With relay 907 released and relay 1008 op- 9
erated, ground is connected over the upper

back contact of relay 907, outer upper front

contact of relay 1008 to ‘conductor 924 and
thence through the link to conductor 214. In
addition relay 1081 closes a. circuit from ‘1
ground over its outer lower front contacte
through the winding of relay 404 to battery
and over the lower back contact of relay 405,
inner left normal contacts of keys 700, 701,
702 and 708, inner left and outer right, op- 1
erated contacts of key 704, through the right
winding of relay 714 to battery for register-
ing the failure on register 721 as well as
making a printed record. o
Relay 404 operates, in turn closing a cir- 1
cuit from battery through the winding of
relay 401, upper front contact of relay 404 to
ground at the lower back contact of relay 409.
1t also connects ground over its inner lower

front contact to conductor 405 and battery 1

over its outer lower front contact to the wind-
ing of relay 502. Relay 401 locks to ground
at thelower back contact of relay 301, Italso
operates relays 405 and 591 and opens the
cireuit of relay 1025 permitting that relay 1
to release.  Relay 405 supplies ground 'to
conductors 407, 408, 409 and 410. Relay 501
supplies ground to conductors 512, 518 and
508 and operates relay 511, which in turn

0

5

00

05

10

15

20

grounds conductors 514, 515, 518, 517 and 125
o3 b 9 3
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8

406 and prepares the circuit of relay 502. Re:
iays 401 and 403 together connect conductor
2230 to the winding of relay 714 to mark the
trouble recorder busy to other senders, and
to permit the registration of other failures..
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~ Relay 1031 in operating connects grouud
over ity sevond: upper front contact; upper
conticts of cari 1506, upper front contact of
relay 1007, conductor 1041, lower back coi
toet oft velay 502 in shunt of tho win
relay 502 to: prevent its operatic
sendur is ready to transmit the designatl
the recovder:

Relay 1008 in: operating closes’ a circnit
over its nner up front contact; over the
left back contact of relay 1502'ts the winding
of reluy 1511. - Relay 1517 lod! : i

<

et
eT

ner lefi fyont contact, upper vigh owe:
loft contavts of comi 1522 to ground at the

upper front contact of
1511 closes a cireuit from g
er’ right front coutact, lower left contact
cany 1501 to the wi
magnet 1500, sdvancing the call licator
impulser sequence switch' to position & in
which: position it is ready to transmit the
complete designation. With relay 151% oper-
ated, relays 15037 and 1304 operate over the
left contacts of cam 1505 and the locking
circuit of relay 1511 and aiso leck over cam
1322 to groundab the upper frous contact of
relay 1006:
Reiay 1008 dlso transfers the p
from the' fundamental circuit to'
recorder. That is, the tip: pulsin

%

ay 1008
o over 1 ont-
of

ding of sequience swileh

q-

end

now

extends from the left avmature of relay 1503

over the Tower front contiact of refay 1608 to
the onter upper armature of velay 502 and the
ring pulsing lead extends from the right ar-
raature of relay 1503 to the inner upper front
contact of relay 1008 and the inner upper
contact of relay 502, Relay 1007 in operat-
ing connects velay 1502 over the middle lower
front contact of relay 1007 tosthe lower frent
contact of relay 502, In addition relay 1006
connects battery over its inner lower front
contiact: to conductor 2206 to supply battery

38

40

for the heavy pulses in case sequence switeh

99200 has not been advanced to position 2.
48 Rejay 1006 also opens the circuit controlled
by sequence switch 2200 in position 1 for re-
storing sequence switch 1500 to normal, The
operation of relay 1005 opens the circuit of
relay 2160 to prevent its operation and also
opens the circuit controlled by
which the closure of the fundamental circait
is delayed until the impulsing sequence switch
is in position to start pulsing.
When sequence switch 1500 reaches posi-
86 tion 5 in response to the operation of relay
1081, the shunt around the winding of relay
502 1s opened and that velay operates. In
so doing it completes the pulsing cireuit over
~its outer upper front contact to resistance
88 745, inner Iower back contact of relay 48,
windings of relays 503, 504 and 505, outer
lower back contact of relay 740 to the inner
upper front contact of relay 502. Relay 562
also connects ground. at s lower front contact
88 to the circuit of relay 1502 which operates

86

relay 2152 by

1,848;174

initiating the operation of the call indicator
impulser seqiience switch 1500. If only a
part of the digits have been recorded the re-
maining digits will' be transmitted as zeros
¢ince-the circuits for creating the lieavy nega-
tive pulses and the positive pulses ave opened
where the register relays are unoperatec.
Those digits which have been registered will
he transmitted in' the manner previously
described.

Relay 503' responds to negative pulses
whether light or ieavy to control the opera-
tion of relays 506 and 510 in the same manner

¢ that relay 1122 controls the operation of re-

lays 1132 and 1134. Relays 506 and 510 con-
trol the: circuits for operating the relays of
registers 520, 530, 540, 600, 610, 620, 630 and
740 and cause the successive -operation of the
transfer relays 526 and 527, 536 and 537 etc.
Relay 504 responds-to the positive pulkes op-
erating the first or the third relay of the
registers-and' relay 503 responds to-the heavy
negative pulses operating either the second
ov the fourth relay aceording to the code reg-
jstered. Assuming that the number to be re-
corded was the same asthat for the call traced
above except for a stations digit W, relays
599, 533, 541, 542, 602, 612, 614, 621, 624, 632,
634, 741, 742'and 744 will be operated. Relay

746 in operating following the reception of €

the uhits digit opens the pulsing circuit so
that the final heavy positive puise is ineffec-
tive. With relays 746 and 747 operated,
ground is connected to conductor 406-at an
additional point. ,

The connection of ground to conductor 406
first by relay 404 and later by relays 511, 746
and 747, supplies ground over the lower nor-
mal contact of relay 415-to the vibrating ar-
mature of interrupter 416 for the purpose of
timing the operation of the recorder.

As sequence switch 1500- passes through:
positions 183/ to:20 in returning to normal &
circuit is- closed from ground at the outer
right front contact of relay 1502, outer right
back contact of relay 1504, cam 1523, inner
lower front contact of relay 1007, upper wind-
ing of relay 1032 to battery. Relay 1032 op-
erates, locking to conductor 1129, opening the
circuit of relay 1081 and connecting battery
through resistance 918 to the contact of relay
903 permitting the link relay to operate re-
Jeasing the sender and the district selector.

The release of relay 1031 also opens the
circuit of relay 404. Relay 404 opens the op-
erating circuit of relay 401 but that relay
remains locked over the back contact of relay
501. It also disconnects ground from con-
ductor 406 at its contact but ground is still
connected thereto over the front contacts of
relay 746 and 747 or over a contact of relay
511, which relays are held operated under
the contro! of relay 401. Relay 404 also opens
the circuit of relay 502 which releases and
opens the operating circuit for relay 1502 and
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243 W5678=Called line number ; and T
R=0Overflow- relay of ‘the sender not ‘operated. -

s ire

disconnects the pulsing leads from the pulsing
relays 508, 504 and 505. In addition it con-
- nects' ground over its'lower back contact,
_upper back contact of relay 404, outer upper -

front contact of relay 401 to-conductor 433
‘and the winding of relay 302 to initiate the -
operat'on of the printer. - The printer is of

the type disclosed ‘and claimed in Patent
1,623,809 granted April 5, 1927 to H. Pfan-
nenstiehl and a detailed description will be
found in that patent. - = .

The operation of relay 802 closes a cireuit .
~from grounded conductor 439 over the back
contact of relay 308, upper front contact of
‘relay 302 through the winding ¢f the solénoid

type control relay 304 to battery. ‘When re-
lay 304 closes its contacts it connects thé
dource of power 305 directly to.the motor 306.
Relay 302 also connects the start sclenoid 307
over- the back contact of relay 808. through
resistance 309 in parallel with the motor 306.

Tlie solenoid 807 in ~operating releases pawl .
311 permitting the printer shaft 312 -to re--

volve under the control of the motor 806.

‘Cam'313 closes contact 814 bust this contact is-
-ineffective at this time. - Cam 815 in.making
a rotation is effective to advance the printer
carriage 816, which carriescommutator brush

317, one step. S .
The record as printed by the trouble record-
er includes the following information: (1)

The class of trouble. -(2) The identity of the"

district selector, which includes the number
of the frame on which the district selector is
located and its position on the frame. (3)
The identity of the sender involved which
includes the humber of the frame on which
the sender is located and the position of the

-sender on that frame. - (4) The designation of

the wanted line; and. (5) whether or not the - of the sender with the trouble recorder an d

overflow relay 2161 was operated, .

Under the agsumed condition the failure oc-
- curred during office selections. It may -be

Turther assumed that the sender timed out;
that the overflow relay 2161 was not operat-
ed: that the district selector involved was

the first district .on. the first frame and the
sender involved was the A sender on the first

frame. n: ¢
printed record will be obtained:

) 4 0101 01A 243 W5678 R o
4=Trouble class, office ‘selections;
01=District frame-number; S
. "01=District selector. number’;
01=ySender frame number;
A=RSender number ;

Under this conditicn the' following

As indicated herveinbefore there are ten

trouble classes and these classes are. repre- -
sented in the record printed by number rather

than by an abbreviated designation.

The class name, class number and the cor-
responding key of the recorder circuit are as
follows: - . SR

Key Clasg'- L

number number Class name
700 1} Permanent. signal
701 © 1 ... Partial registration -
702 .20 Translation completed
703 3 District selections

S 704 4 Office selections -
705 5 Trunk test . .
7068 -6 Awaiting assignment. -
707 -7 Incoming ‘selections
708 8 Final selections
709 9. Advance -district

When the conimufatoi' brush- 817 has been

advanced to the second segment of the com-
mutator, a ciréuit is closed from grounded

B 70';L

76

conductor 483, commutator strip 818, top and .-

ottom brushes of the

701,-702 and 703, outer left operated con-

‘tact of key 704 through selecting relay 824
to battery. Relay 824 prepares circuits from: .
conductor 370 over its second -armature to-
85

the winding of printer bar magnet 363 and
over its first armature for magnet 364.

During the second revolution of the shaft

312, contact 314 is closed, extending conductor
370 to ground. Magnets 363 and 364 there.

fore operate.. This combination:of operated -
- printer bar magnets causés the nimber 4
to'be printed. ‘At the end of a revolution the

brush carriage is advanced to its third posi-
tion in contact with the second - segment of -
- commutator strip 319. In the third position

of the commutator brushes relay 371 is op-
erated. - This relay connects conductor ‘870
with magnet 363 alone. ' Each operation of

‘the printer réquires the actuation of one or -
~more of the printer bar magnets and the op-

eration of magnet 863 alone is necessary to

‘ permit the printer to advance without print-

ing any character.

The identity of the district is next printed.’

The district selector sequence switch is held

’ brush carriage 817, -
iirst segment of ‘commutator 820, conductor
© 843, outer left normal contacts of keys 700,

80.

90

95

‘100

‘105

in position 17 in response to the association -

tact of relay 2192, left contacts of cam 252 to
conductor 257 and over the lower left and

upper right contacts of cam 213, outer right

front contact of relay 212, lower left and up-

‘ground is connected over the left front con-

110 -

per right contacts of cam 219 to conductor 258 -

to identify the district selector to the Te-
corder, Ground ‘connected to conductor 257

.operates relay 411 which is individual to the
‘position of the district on the frame and com.-
mon‘to all districts occupying a similar posi-
tion on all' frames, while ground connected
- to conductor 258 operates relay 412 and iden-
tifies the frame on which the district is lo-
~_cated and is common to all districts on the

same frame. Relays 411 and 412 lock to

-grounded conductors 409 and 408 respective-

ly so that the subsequent release of the dis-

115

120

125

trict selector does not ‘destroy the record. ,

When relay 411 operates and locks, it closes
a circuit from ground at its outer upper corn-
tact through the winding of relay 426 to bat-

“tery. Relay 426 is common tothe first ten dis-
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. on différent frames. _
ated it locked and operated relay 431 which:
is common to the first ten frames. Therefore-
in the next printing position.a circuit.is.
closed; over the fifth segment of strip. 319,

trict selectors on all frames and centrols the
printing of the tens digit of the district se-
lector number.  Since the first selector was
involved, the tens digit is zero and relay 426
. represents that digit. -Similar relays are pro-
" vided for each ten district selectors on a
frame, relay 427 for example being common
to the sixth group of ten districts so that it
corresponds to a tens digit-of five, while relay
498 is individual to.the sixtieth district se-
lector on the frame. Similarly relay 412 in
operating closes a circuit for relay 429 which

is common to the first ten selector frames:
and corresponds to a tens digit of:zero while-

_relay 430 corresponds to a tens digit of nine.
Therefore, when the brush carriage-is.ad-

vanced to its fourth positien, in which con--

tact ismade with the second segment of com-

mutator strip. 320, a circuit.is closed from.

.ground over. the commutator. strips 318 and
320 and the lower front.contact of relay 429
through the winding of relay.380 to battery.
When the. printer control.contact:314 closes;
grourd is connected to conductor. 370 and

.over-the front contacts-of relay 380.-to the.

windings of printer bar magnets 365 and 364

which prepare the printex.to print the digit
zero. When, the brush carriage advances to.
its fifth position making contact with the

_third segment of strip, 319 a circuit is closed
over the inner. lower, front.contact of relay
499 and the:inner lower front.contact of re-
lay 412 to.the winding of relay 321. Relay 321
prepares for the operation of magnets 361,

- 362, 363 -and 365, so. that at the. end of the

stroke the digit 1 is printed.

In the next position of the commutater, a
circuit is closed over the outer lowwer front
contact of relay 426-to the winding of relay

'380 -and zero is printed .while in the follow-

ing position the circuit extends.over the inner

lower front. contact of relay 426, lower front«
contact of relay 411 to the winding of relay-

321 and the digit.1 is printed. In-the next
_position: the, circuit of the spacing relay. 371
1s again closed and a space is provided:

The identity .of the sender.is next printed..

Relay. 1007 in, operating. connects ground
over its. lowermost armature to- contluctors
11040 and.. 1042 to identify the sender to.the
trouble. recorder.. The grounding: of con-

ductor 1042 causes the operation of relay 432.
to identify:the position of the sender:on the.

particular frame, while the grounding of con-

__ductor 1040 operates relay 434 to identify the
frame on which the sender is located. Relay:

434 is common toall senders on the particular
frame, while, relay 432 is common. to: all

senders occupying the same relative position .

When relay 434 oper-

_lower front contact of relay 431, to the wind-
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ing of relay 380 causing the printing of the

digit zero and in the next position a circuit is -
closed over the inner lower front contact of

relay 431, lower front contact of relay 434

to the winding of relay 321 causing the print-
ing of the digit.1. In the next position a cir-
cuit is closed over the upper front contact of
relay 432, through the winding of relay 331
to battery. Relay 331 closes the circuits of
magnets 361 and 362 and causes the letter A
to be printed. The printer again spaces after
the: sender letter due to the operation of re-
lay 371 over the sixth segment of the strip
320. IR

In the next three positions of the printer
the office-code of the wanted number 1s print-
ed. The circuits for this purpose may be
traced as follows: Qver the seventh segment
of strip 319, the upper front contact of re-
lay 522, outer-upper. back contact of relay
521, middle upper back contact of relay 524,
winding of relay 322 to battery; over the
seventh segment of strip 320, upper back con-

tact-of irelay 532, inner upper ‘back contact-

of relay 534, outer upper front contact of re-
lay 533 through the winding of relay 324 to
battery; over the eighth segment of strip
319, upper front contact of relay 542, outer

upper-{ront contact of relay 541, outer upper:

back contact of relay 544 through the wind-
ing of relay 323 to hattery. Relay 322 pre-
pares magnets 361, 362, 363 and. 364 for. op-
eration to print the digit 2. Relay 324 pre-
pares magnets 363 -and 364 for operation to

canse the printing of the digit 4. Relay 323

prepares magnets 362 and 365 for operation
to cause the printing of the digit 8. Over the
eighth segment of strip 320 relay 371 is.op-
erated. and a space recorded.

In the seventeenth position a circuit ex-
tends-over the upper back contacts of relays
604 and:603, upper front contact of relay
602, upper back contact of relay 601, through
the winding -of relay 351 to battery: Relay

351 prepares magnets 361; 362 and: 365 for

operation  to cause the printing of the sta-
tion’s letter-W: = In the eighteenth position a
circnit extends:over:the upper front contact
of relay- 612,.outer upper back contact of re-
lay. 611, inner upper front contact of relay
614, winding of relay 325 to battery. Relay
825 prepares the magnet 365 for operation to
print the digit 5. In the nineteenth position
the circuit extends:to the upper back contact
of relay 622, inner upper front-contact of
relay 624, inner upper:back contact of relay

623, lower front contact.of relay 621 to:the

winding of relay 326 and battery causing the
printing -of the digit 6. A-circuit is closed

in the twentieth position over the upper front-
contact- of relay 632, outer upper back con--

tact of relay 681, middle upper front contact
of relay 634, to.the winding. of relay 327

causing the digit 7 to be printed for the tenth.

digit. In the twenty-first position the.cir-
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- grounded conductor 1129
tact of relay 2161, inner ]
-of relay 2505, over contacts of cam 2912 or

»1 relay 2161 was not

i -nets 362
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cuit extends in a similar manner to the upper-

armature of relay 742 and over the front
contacts of relays 742, 741 and 744 to relay
528. In the next or twenty-second position

; ‘relay 871 is reoperated and a space provided.

n the twenty-third position either the let.
ter I or the letter Rig printed to indicate

~whether the overflow relay 2161 has or has

not operated. It will be remembered that it

‘2 selector goes totell-tale or overflow, re-

verse battery over the fundamental circuit
causes the operation ofrelay 2161. With this
relay operated 'a - circuit is closed from

lower back contact
cam 1911, to the outer lower front contact of

relay 1006 and the winding of relay 413 and
battery. On the other hand if the trouble

n recorder is summoned because of delay in the

operation, relay 2161 is normally not oper-

ated but relay 1027 is operated under the con- -

trol of the timing relays. Therefore, a cir-
cuit is closed from grounded conductor 1131,

- inner upper front contact of relay 1027, mid-

dle upper front contact of relay 1008, back
contact of relay 413, winding of relay 414
to battery. Either relay 413 or velay 414

- Jocks to ground over the middle upper front-
arvcontact of relay 401, It

the circuit of relay 414 is carried over the
back contact of relay 413 so that, if the sender.
times out with relay 2161 operated relay 414
cannot operate. Since it was assumed that
operated, in the twenty-
third position a circuit extends over the

‘twelfth segment of strip 319, lower front

contact of relay 414 to the winding of relay
845. This relay prepares circuits for mag-
and. 364 to cause the printing of the

letter R. , : '
A circuit is closed in the twenty-fourth and
twenty-fifth positions through the winding

~of relay 854 to battery. Relay 354 prepares

2 circuit for relay 362 alone. When the print-

er control contacts 314 close, magnet 362 op-
cvates. This magnet operated alone causes
the printer mechanism to rotate the paper
carriage, not shown, and advance the paper
the space of one line. It also advances the
orush carriage one space. In passing from
position 24 to position 25 relay 854 releases
and then is reoperated to cause a second ad-

- vance of the paper: A space of two lines is

60

85

thus provided between the printed records
in order that they may be éasily réad.

The commutator brush is then advanced to
position 26 where a circuit is closed for relay
353. - This relay prepares the circuit of mag-

net 364 alone and also closes a circuit from
“ground at the lower contact of relay 372 over

the front contact of relay 853 through the
winding of relay 308 to battery. Relay 308

locks. through the winding of relay 872 to -

ground but relay 372 cannot operate until-

over the front con- -

18 to be noted that:

‘thus releasing relays 302,

the operating circuit of relay 308 is opened.
The operation of magnet 364 alone causes
the return of the printer carriage to its nor-
mal position. Relay 308 in operating opens
the circuit of solenoid 307 which permits the

toggle to engage pawl 311 and hold the shaft.
812 from rotating. Contact 310 is also con-

trolled from shaft 812 and closes at the same

27

(1]

time as contacts' 314.  With this contact

closed solenoid 307 is held operated in series

with resistance 310, until after the printer
control contact has opened.
disconnects the printer control contacts 314
from the selection control relays.- The seg-
ments occupying positions 27, 28 and 29 are
connected 1n multiple with that in position

26 to insure that the printer carriage return;-
-should failure occur in position 26,

When the brush carriage starts to return
the circuit. of relay 853 is opened and relay
372 is permitted to operate.
operated an obvious circuit is closed for relay
303 which opens the circuit of magnet 504
stopping-
riage returns to its normal: position, a circuit
is closed from ground over the commutator
strip 318 and the first segment of strip 319,
outer-lower front contact of relay 308, outer

lower front contact of relay 303, winding of

relay 801 to battery. Relay 301 opens the

(3N

Relay 308 also -

80..
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With relay 872

the motor. - When the brush. car-

90,

95+

locking circuit of ‘relay. 401 and also. opens -

the circuit over which battery through re-
sistance 403 is connected to the keys to mark
the trouble indicator idle.
leasing removes ground from conductor 433
308 and 872, 303
and 301 in succession. Relay- 401 also re-
leases velay
and 511 remove the locking
ground from the register and transfer relays
permitting them to release. Relay 511 and
relays 746 and 747 in releasing remove ground
from conductor 406 to release the timing re-
lays and: stop the timing operation. Relay
303 in operating connects

contact of relay 1031, to the lower winding
of relay 1032 to advance the district and per-

mit the release of the link and sender in case
Tt is to be noted ?
class of failure. - -

the sender failed to do so.
that the record of only ‘one
can be made at a time, that it, the one corre-

-sponding to the operated key. If two or

more keys should be operated inadvertently
one: class will have the preference. For ex-

same time the circuit for operating relay 1025

extends over a chain circuit including the

normal contacts of the keys 700, 7 01, 702 and
703 and the operated contact of the key 704
corresponding to the lower numbered of the
two operated keys. Likewise, when the com.-
mutator brush carriage 317 makes contact
with the second segment of the commutator,
ground is connected to conductor 873 for the

Relay 401 in re-

ground over its !
nner lower front contact,; outer upper front

100

501 which in turn releases relay -
511, Relays 501

120

- ample if keys 707 and 704 are operated at the
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purpose of operating one of the control relays
391 to 329 and 280 to cause the printing of
the code number of the class of the failure.
This circuit extends cver the outer left nor-
‘mal contacts of keys 700, 701, 702 and 703
and the outer operated contact of key 704 to
the winding of relay 324. The circuit of
relay 327 which would be closed over the
outer left operated contact of key 707 extends
‘over the outer left normal contacts of keys
706, and 705 but is open at key 704 since that
key is operated. If a key should be restored
after the association of the sender with the
trouble recorder the connection of ground to

‘conductor 373 closes a circuit over the nor-

mal contacts of all of the keys in series to
the winding of relay 852 which causes the
operation of magnets 365, 864, 363 and 361
to cause the letter X to be printed. Similarly
if, due to some difficulty, any one of the relays
which identify the sender or the district or
the frames on which they are located is not
operated, a chain circuit over the back con-
tacts of all of the relays for that particular
identification is closed to relay 352.

As mentioned above the automatic release
of the sender is prevented in connection with
call indicator or call anncuncer calls during
the time that they are awaiting assignment

unless the key 706 is opersted. With key 706
operated, ground is connected to the winding

of relay 736 which operates, connecting bat-
tery threugh its contacts to conductor 2049
to operate relay 1027 in respense to the op-
eration of the timing rel Otherwise the
effect of key 706 is similar to that of the other
trouble class keys. ‘

Tt will be remembered that ground was con-
nected to conductor 400 immediately after
the seizure of the trouble recorder, thus sup-

lying ground to interrupter 416. Inter-
rupter 416 transmits a sevies of eighteen im-
pu]i’ses of ground to the timing relays 402,
415 and 417 to 422. Relays 417 and 421 are
operated by the first two impuises. The third
impulse operates relay 418 and releases relays
417 and 421. Thefourth impulse cperates re-
lay 422. The fifth and sixth impulses re-
operate relays 417 and 421, while the seventh
pulse operafes relay 402, which releases re-
lays 417, 421, 418 and 422 and then operates
relay 419, The eighth pulse is inefiective.
Relay 402 also connects ground over its in-
ner lower front contact. upper iront con-
tact of relay 401 to conductor 433 and the
winding of relay 302 to start the operation of
the printed 300, in case relay 404 fails to re-

422 performed during the
pulses. At the fifteenth 1mpt
is operated and rvelays 417, 421, 4183, 422
419 are released. The sixtecath impulse is
ineffective but the seventeenth and eighteenth

se relay 420
418, 49292 and
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impulses operate relays 417 and421so thatre-
lay 415 is operated. Relay 415 locks directly
to conductor 406 opening the locking circult
of relay 420 and the locking circuits of relays
417 and 491. Tt also closes a circuit from
cround over key 423, upper front contact of
relay 415 to conductor 424, and the alarm
civcuit which operates completing a circuit
for lamp 425 which lights to indicate that
the trouble recorder has taken an abnormal
length of time to operate. The removal of
oround from conductor 406 at any point of
he operation stops the operation of the re-
lays to prevent the sounding of the alarm.
After the alarm has sounded key 423 can be
operated to silence the audible alarm, but
with key 423 operated the removal of the
trouble is indicated by the removal of ground
from conductor 406, releasing relay 415 and
reclosing the alarm circuit over the operated
contact of key 423 and the outer upper back
contact of velay 415, The operation of relay
415 also connects ground over its inner up-
per front contact, outer upper front contact
of relay 1031 to the lower winding of relay
1032 to cause the release of the sender and
the district selector if it has not already oc-
curred. ,
Trouble release of the district selector

Tt will be remembered that in either of
the three classes of trouble above discussed,
ground as connected in shunt of the lower
winding of relay 905, reducing the resistance
in series with conductor 221 so that relay 229
operates in parallel with relay208. Ifthecall
has been abandoned, this is the only informa-
tion returned to the district selector by the
sender. If the call cannot be completed be-
cause of trouble, ground is also connected
to conductor 227 by the operation of relay
1002. In addition, 1f the trouble indicator is
to be operated, ground is connected to con-
ductor 214 by the release of relay 907 with
relay 1008 operated.

The seizure of the district selector and its
association with a sender advences sequence
switch 206 to position 4. The release of the
selector is under the control of the sender
in position 4 to 11 inclusive.

Relay 229 when operated, locks over its
outer right contact to ground over the lower
contacts of cam 205. Relay 229 is effective to
advance sequence switch 206 from position
4 to position 5.

1f the call has been abandoned or the send-
er has timed out at this stage, relay 916 is
operated, the fundamental circuit is opened
and relay 212 is unoperated in position 5 so
that sequence switch 206 is advanced to posi-
tion 6 over the back contact of relay 212. If
the failure or abandonment occurs before se-
Jection is started, selector 200 will be at the
bottom of its bank and sequence switch 206
will be advanced to position 9 over the upper
right contact of cam 216, normal commuta-

70

k(.

80

85 -

90

95

100

105

110

120

125

130



1,848,174

: 't'or s’é:gme:nt' 248, brush 239, uPper'right and

10

lower left contacts of ¢am 917, to ground. If

the selector went to tell-tale, sequence switch .
206 1s advanced to‘position 8 over the lower
contacts of cam 254, commutator segment

265, brush 235, and the contacts of cam 217.

‘Relay:-212 is operated in a local cireuit over

cam 21910 position 8 and advances sequence

switch 206 to position 9. In position 9, relay

212is released advancing sequence switch 205
¢ :

-to position 10. If the selector has gone to

overflow during trunk hunting in position 9,

relay 212 releases at overflow position ad-

- vancing the sequence switch to position 10,

15°
switch 206 is advanced from position 10 to
~position 14 over the nermal commutator seg-

20

It the selector has not been operated, sequence

ment. If the selector is at tell-tale or over-
tlow, relay 212 is reoperated in a local circuit

in position 10 advancing the sequence switch

206 to position 11 in which position relay

212 1s ‘held operated under the control of

o5

35

,;‘40

“or if the selector is at tell-
right contact of cam 246, lower Tight con-
130"

relay 208, In position 10 also a circuit is
closed from battery through the winding: of

‘relay 223, upper contacts of cam 246, commu-
~ tator strip 234, which is closed at overflow.

position, brush- 285 to ground over cam 217 ,

tale, over the upper

tact of cam 254," commutator strip 255 to
brush 285 and ground. ‘With relay 223 oper-
ated, ground. from commutator strip 234.is
extended over the upper contacts of cam 233,
outer upper front contact of relay 223, lower

‘left and upper right contacts of cam 202

to the fundamental tip conductor 214, and
battery through resistance 256 is connected
over the inner upper front contact of relay
223, left contacts of cam 245, outer lower front
contact of relay 223, upper left and lower
right contacts of cam 203 to the fundamental
ring conductor 281, thus reversing the direc-

“tien' of current flow over the fundamental

_~circuit and operating velay 2161. The opetra-

45
©lays 1916 and 904 and the insertion: of the
“high resistance winding of relay 905 in seiies

50

tion of relay 2161 causes the operation: of re-

with relay 208 which releases, in turn releas-
ing relay 212 and advancing sequéence switch
208 to-position 18. - With relay 229 operated,
sequence switch 206 is advanced out of posi-
tion 13 and into position 16 over the circuit

by which it was advanced out, of position 4.

C 60

“lacoming

1
tuet

is

4

B el
e v
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Inposition 12 ground is connected to con-
r 221 to : ‘
aisoy relay 226 is normally operated over
1
talking civeuit. - With relay 229
operated this circuit is  open, as well as the

0A1

al
hie back contact of relay 929 to complete the
cireiilh of relay 201. Relay 207 is therefore

also released when the sequence switch reaches

- position 14 and advances it to position 18

~nwormal commutator . segment 248 . restores
3-sequence switch 206 to positionl, - .

N A
&

whete the selector is restored to normal, The

-and battery.

“tor over the left contacts

-207.. With. relay 207 released,

If the selector is being released becauise of
trouble, the connection of ground to conductor
227 operates relay 925 following the-opera-
tion of relay 229. This restores the control
of relay 201 to the originating office." A

In position 18 a circuit is closed ‘from
ground over the right contacts of cam’ 205,
front contact of relay 201, upper back‘con-
tact of relay 244, contact of interrupter 258,
lower left contact of cam 250, upper right
contact of cam 222 to the winding of relay
244 and battery and over the upper left. con-
tact of cam 229 to the winding of relay 223
Relays 293 and 244 are ‘inter-
mittently operated under the control of inter-
rupter 253 which is supplied with ground
over the outer upper front contact of relay
244 during the operated intervals of that re-
lay. With relays 223 and 9244 unoperated.
ground is supplied to the rinig conductor over

‘the left contacts of cam 224, outer lower

front contact of relay 226, lower left winding

~of repeating coil 242 lower back contact of

relay 244 to the left winding of relay 201, and
battery is connected to the tip conductor over
the left contacts of cam 225, upper front con-

tact of relay 226, upper left winding of relay
242, inner, upper back cortact of relay 244,

front contact of relay 207, and the right wind-.

‘ing of relay 201. 'With these relays oper-

ated, ground is supplied to the tip conduc-
of cam 925, upper
front contact of relay 226, middle upper

-front contact of relay 244, and the right con-
‘tacts of cam 233, and battery is connected to

the ring conductor over the left contacts of

cam 224, outer lower front contact of relay 226,

lower right winding of repeating. coil 242,

Jower front contact of relay 244, front con-

tact of relay 207 and the right winding of

-relay 201, This intermittent reversal of the

29
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current flow over the incoming trunk results -

in.a signal tone to the calling subscriber to
indicate to him that the call could not be-com-
pleted. - When the calling subscriber hangs

110

up, the bridge across the trunk is opened and -

switch 206 is advanced to position 18 over the
contacts of :cam 254; back contact. of relay.
207, back contact of relay 212: In position18
the ‘selector is restored to normal and se-
quence switch 206 advanced to position 1 over

1 1--the normal commutator segment.
releasethe sender. - In this posi- -

If the trouble recorder has beén associated
with the sender, ground connected to con-
ductor 214 following the release of relay 907,
operates relay 212 as soon as sequence switch

206 reaches position 14, With relay 212 op-

erated, sequence switch 206 is advanced di-
rectly to position 17 where ground is con-
nected to conductors 257 and 258 to identity
the district to the recorder. ‘'When the desig-
nation of the wanted line has been recorded,
relay 1008 is released and relay 212 also re--

-relay 201 releases in turn releasing relay
sequence
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" ing apparatus, a register sender for control- -

-gponstve to said

30

leases. With the sequence switch in position
17 relays 223 and 244 are operated to gignal
the originating office. Release by the calling
subscriber releases relays 201, 204 and 207

permitting the sequence switch to advance to

position 18 and as described to position 1.

What s claimed is:

1. In a telephone system, automatic switch-
ing apparatus, a register sender for control-
ling the operation of said switching appa-
ratus, means for connecting said sender with
said switching apparatus, the operation of
said sender passing through a plurality of
stages, a timing arrangement, means respon-
sive to said connection for starting said tim-
ing arrangement, means for releasing and
restarting said timing arrangement at the be-
ginning of each ‘of said stages, means effec-
five if said timing arrangement completes its

operation to disconnect said sender from said

‘switching apparatus and means to operate a
meter individual to the stage of the operation
of the sender at which said timing arrange-
ment completed its-operation. ;
‘9. In a telephone system, automatic switch-
ing apparatus, a register sender for contrel-
ling the operation -of said switching appa-
ratus, means for connecting said sender with
said switching apparatus, the operation of
said sender passing through a plurality of
stages, ‘a timing arrangement, means for re-
leasing -and restarting said timing arrange-

ment at the beginning of each of said stages,
‘means eFective if said timing arrangement

completes its operation to .lisconnect said
‘sender fromsaid switching apparatus, means
to-operate a meter individual to the stage of
the operation of the sender at which said tim-
ing arrangement .completed its operation, .2
trouble recorder, and means to associate said
recorder with eaid sender if said timing-ar-
rangement completes its operation during a
particular stage of the sender operation.

3. In a telephone system, automatic switch-
ing apperatus, a register sender for con-
trolling the eperaticn-of said switching.appa-
ratus, means for connecting
said switching -apparatus, the operation of
said ‘sender passing through a plurality of
stages, a timing arrangement, means re-
, connection for starting said
timing arrangement, means for releasing and
restarting. said. timing arrangement at the
beginning of each of said stages, a trouble
recorder, means to assoclate saild recorder
with said sender if said timing avrangement
-completes its operation during a particular
stage of the sender operation .and means to
predetermine said particular stage of -the
sender operation. S

4. Tn atelephone system, automatic switch-

ling the eperation of gaid switching appa-
‘ratus, means for connecting said sender with
said sswitching apparatus, the operation of

: recorder, Mmeans
_with said sender
_completes its operation during a

) P2~ gstage of the sender operation, means in said
said sender with
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said sender passing through a plurality of

~stages, a timing arrangement, means Iespon-

sive to said connection for starting said tim-
ing arrangement, means for releasing and re-
starting said timing arrangement at the be-
ginning of each of said stages, a trouble re-
corder, means to associate said recorder with
said sender responsive to the completion of
said timing arrangement during any one of

said stages of the sender operation, and means.

to predetermine the stage of said sender op-
‘evation at which said associating means shall
be responsive to said timing arrangement. '

5. Ina telephone system, automatic switch-
ing apparatus,
trolling the operation of said switching ap-
paratus, means for connecting said sender
with said switching apparatus, the operation
of .said sender passing through a plurality
of stages, a timing s
sponsive to said connection for starting said
timing arrangement, means for releasing.and
restarting said timing arrangement at the be-
ginning of each of said stages, a trouble
recorder, means to associate said Tecorder
with said sender if said timing arrangement
completes its operation during a particular
stage of the sender operation, and means to
record the called line number in said recorder
Ly means.of code impulses of varying strength
.and polarity transmitted from the sender.

6. In:a telephone system, automatic switch-
ing apparatus, a register sender for controel-
ling the operation of said switching appa-
ratus, means for connecting said sender with
said switching apparatus, the operation of
said sender passing through a plurality of
stages, a timing arrangement, means re-
sponsive to said connection for starting said

‘timing arrangement, means for releasing.and- !

restarting said timing arrangement at the
beginning of each of said stages, a trouble
to associate said recorder
if said timing arrangement
particular

sender for transmitting code impulses of
varying strength-and polarity in accordance
‘with:a registered line designation and means
‘automatically responsive to. the association
of the trouble recorder with said sender to
prepare said code impulsing device to trans-
‘mit ‘the said designation.

7. Jn atelephone system, automatic switch-
ing apparatus, a register sender for control-
ling the operation of said switching appara-
tus, means for connecting said sender with
said switching apparatus, the operation of
said sender passing through a plurality of
stages, a timing arrangement, means re-
sponsive to said connection for starting said
timing arrangement, means for releasing and
restarting said timing arrangement at the be-
oinning-of each of said stages, a trouble re-
corder, means to associate said recorder with

a register sender for con-:

arrangement, means re--
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said sender if said timing arrangement com-
Pletes its operation during a particular stage’
.-of the sender operation, means in said sender.:

for transmitting code impulses of VArying
strength and polarity in accordance with. the

called line number and means automaticaily .
-responsive to the: association of the trouble

- recorder with said sender to preparesaid code

et L
[ 3

impulsing device to transmit the called line-

designation irrespective of the stage-of said
sender operation at, which ‘said recorder was
connected with said sender. : ;
‘8. In a telephone system, automatic switch-
ing apparatus, & register sender for control-
ling the operation of said switching appara-
tus, means for connecting said sender with

- said switching apparatus, the operation of

.20

30

35

stages, a timing arrangement, means respon-

sive to said connection for starting said tim-.

ing arrangement, means for releasing-and re-

starting said timing arrangement at the be-
-ginning of each of said stages, a trouble re-.

’25 corder, means to associate said recorder with

said sender if $aid timing arrangement com-

pletes its operation during a particular stage -
~of the sender operation, means in said sender

for-transmitting code impulses of varying
strength and polarity in accordance with the
called line number, and means automatically
responsive fo the association of the trouble
recorder with said sender to preparesaid code

_impulsing device to transmit the called line

designation irrespective of the class of call

for which said sender was prepared by the
called line designation.

* 9. Inatelephone system, 'autom‘atic switch-

. Ing apparatus, a register sender for control- .

40.
~said switching ‘apparatus, the: operation of
said sender passing through a plurality of

45

50

on
[

ling the operation of said switching appara-
tus, means for connecting: said sender with

stages, a timing arrangement, means respon-
sive to said connection for starting said tim-
mg arrangement, means for releasing and.re-

starting said timing arrangement af the be- .
ginning of each of said stages, a trouble re-

corder, means to associate said recorder with
said sender if said timing arrangement com-

~pletes its operation during a particular stage
“of the sender operation, means.in said sender
- for transmitting: code impulses of varying -
strength and polarity in. accordance with a-

registered line designation, means auntomati-

cally responsive to the association of the trou- -

ble recorder with said sender to prepare said
code impulsing device to transmit the said

designation,and means responsive to the com-

60

plete transmission of said designation to dis-

connect sald sender from- said trouble re-

corder. " . R : _
710, In a-telephone  system,  automatic
switching: apparatus, a register sender for

~controlling the -operation of said switching

apparatus, means for connecting said sender

31

with said switching apparatus, the operation
of said sender passing through a plurality:
of stages, a timing arrangement, means re-

sponsive to said connection for sfarting said -

timing arrangement, means for releasing and

restarting said timing arrangement at the be-
ginning of each of said stages, a trouble Te-
corder, means to associate said recorder with
said sender if said timing arrangement com-

‘bletes its operation during a particular stage

of the sender operation, means in'said sender

~for transmitting code ‘impulses of: varying
strength and polarity in accordance with a
registered line designation, means automati-

cally responsive to the association of thie trou-

‘ble recorder with said sender to prepare said
7 “code Impulsing device to transmit the said-
~said sender passing through a plurality ‘of .

designation, and means responsive to the com-
plete fransmission of said designation to cause 7
the disconnection of said sender from said

-trouble recorder and from said switching

apparatus. - e .

11 In a telephone system, automatic
switching apparatus, a register sender for
controlling the operation of said switch<
ing apparatus, means for connecting said
sender with said switching apparatus, the
operation -of said sender passing through

a plurality of stages, a timing arrangement,
means responsive .to ‘said connection for-

starting said . timing arrangement, means
for.releasing and restarting said timing ar-

rangement. at the beginning of each of said

stages, a trouble recorder, means to asso-

_ciate said recorder with said sender if said’

timing arrangement completes its operation
during a particular stage of the sender oper-

ation, means in said sender for transmiting -
~code impulses of varying strength and polar-

ity in accordance with a registered line des--
lgnation, means automatically responsive to
the association of the trouble recorder with
said sender to prepare said code impulsing
device to transmit the said designation, means

responsive to the complete transmission ofi-

said designation to disconnect said sender
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from said trouble recorder, a printing mecha-

nism and means responsive to the disconnec-

tion of said sender from said trouble recorder -

to initiate the operation of said printing®
mechanism, Co R
12, In a  telephone system, automatic
switching apparatus, a register sender for
controlling ‘the operation of said switching
apparatus, means for connecting said sender
with said switching apparatus, the operaticn.
of said sender passing through a plurality of
stages, a timing arrangement, means respon-
sive to said connection for starting said $im-

ing arrangement, means for releasing and I

restarting said timing arrangement at the
beginning- of each of said stages, a trouble
recorder, means to associate said recorder

with said sender if said timing arrangement

completes its operation during a particular
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stage of the sender operation, means.
.sender for -transmitting .code

in said
mpulses of

oo
(3]

Yarying ‘str,eugth,;and poiarity in accord

with a registered line designation, means

automatically.vesponsive to the association of

~the trouble recorder avith saicl sender to pre-

10

page said eode impulsing device to transmit
the said designation, means responsive to the
complete transmission: of said designation to
disconneet said seader from said trouble re-

-corder, and: a seeond timing mechanism asso-
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“of said printing mechanism, and a_second
timing mechanism associated with said trou-
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eiated with said trouble recorder, said timing

‘mechanism being effective after a predeter-

mined interval to operate said disconnecting
IOARNE.

13. In a telephone system, automatic
switcliing apparatus, a register sender for

-contralling the operation cf said switching

apparatus, means for connecting said sender
with said switching apparatus,the operation

of saidl sender passing through a plurality of
Ty B

stages, a timing arrangement, mMeans respon-

sive to said eonnection for starting said tim-

7 .

ing arrangement, means for releasing and

-~

restarting said timing arrongement at the
beginning of each of said stages, a trouble
a

recorder, means to associat recorder
with said sender if said timing arrangement

completes its overation during a perticular
i <) i

stage of the sender operation, means in said
sender for transmitting code impulses of
varying strength and polarity in aceordanc

with -a registered line designation, means
automatically responsive to the asscciation of
the trouble recorder with said sender to pre-

pare said code impulsing device to transmit

the said designation, means responsive to the
complete transmission of said designation to
disconnect said sender from said trouble re-
corder, a printing mechanism, means respon-
give to the disconmection of szid sender {rom
said trouble recorder to initiate the onmtior}

ble recorder, said timing mechanism being

effective -after a predetermined interval to

initinte the operetion of said printing mech-
anism. :

14. In o telephone system, automatic
switching apparatus, a register sender for
controlling the operation of said switching
apparatus, means for connecting said sender
with said switching apparatus, the operation
of said sender passing through a plurality
of stages, a-timing arrangement, means re-
sponsive to said connection for starting said
timing arrangement, means for releasing and
restarting said timing arrangement at the
beginning of each of said stages, a trouble
recorder, eans to. associate gaid recorder
with said sender if said timing arrangement
completes its operation during a particular
stage of the sender operation, means in said
cender for transmitting code impulses of
verying strength-and polarity in-accordance

1,848,174

with a registered line designation, -means
zutomatically responsive to the assoriation of
the trouble reconder with said sender to pre-
pare said code impulsing device to transmit

‘the said designation, means responsive to the

complete transmission of said designation to
disconnect said sender from said trouble re-
corder, a printing: mechanism, means respon-
sive to the disconnection of said sender from
said trouble recorder to initinte the operaticn
of said printing mechanism and a second
timing mechanism assoctated with gaid trou-
ble recorder, said :timing mechanism being
effective after a - predetermined interval to
operate said disconnecting means and after
an-additional predetermined interval to ini-

‘tiate the operation of said printing mecha-
‘nism.

15. In a telephone system, automatic
switching apparatus, a register sender for
controlling the operation of said switching
apparatus, means for connecting said sender
with said -switching apparatus, the opera-
tion of said sender passing through a plu-

-rality of stages, a timing arrangement,

means responsive to said connection for start-
ing said timing arrangement, means for re-
leasing and restarting said timing arrange-

ment at the beginning of each of said stages,.
a ‘trouble recorder, means to sssociate said =

recorder-with said sender if said timing ar-

-rangement completes its operation during a

particular stage of -the sender operation,

means in said sender for generating code im-..

pulses of varying strength and polarity in
accordance with the called line number,
means normally effective responsive to the
registration of predetermined designations
only to prepare said code impulse device to

transmit ‘the called line designation and

nieans automatically responsive to the asso-
ciation of the trouble recorder with said
sender to prepare said code impulse generat-

ing device to transmit the called line num-.

ber irrespective of the designation recorded.

16. In a telephone system, automatic se-
lector switches, a register sender for control-
ling the operation of said selector switches,
means for connecting said sender with one of
said selector switches, the operation of said
sender passing through a plurality of stages,
a timing arrangement, means responsive to
said connection for starting said timing ar-
rangement, means for releasing and restart-
ing said timing arrangement at the begin-
ning of each of said stages, a trouble re-
corder, means to associate said recorder with
said sender if said timing arrangement com-
pletes its operation during a particular stage
of the sender operation, means in said sender
for transmitting code impulses of varying
strength and polarity in accordance with a
registered line desionation, means automati-
cally responsive to the association of the
trouble recorder with said sender to prepare
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said code impulsing device to transmit the
said designation, and means also responsive
to the association of the trouble recorder with
said sender to cause said one selector switch
and said sender to record their identity in
said trouble recorder. : ‘

17. In a telephone system, automatic ‘se-.

lector switches, a register sender for control-
ling the operation of said selector switches,
means for connecting said sender with one
of said selector switches, the operation of
said sender passing through a plurality of
stages, a timing arrangement, means respon-
sive to said connection for starting said
timing arrangement, means for releasing
and restarting said timing arrangement at
the beginning of each of said stages, a
trouble recorder, means to associate said
recorder with said sender if said timing ar-

‘rangement completes its operation during a

particular stage of the sender operation,
means in said sender for transmitting code

impulses of varying strength and polarity in -

accordance with a registered line designa-

“tion, means automatically responsive to the
association of the trouble recorder with said.

sender to prepare said code impulsing de-
vice to transmit the said designation, means
also responsive: to the association of said
trouble recorder with said sender to cause
said one selector switch to record its identity
in said trouble recorder, means responsive to
the complete transmission of said designa-
tion to disconnect said trouble recorder from
said sender, and means to prevent the resto-
ration of said one selector switch until said

gender has been disconnected from said trou-
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ble reorder.

18. In a telephone system, automatic selec-

tor switches, a register sender for controlling
the operation of said selector switches, a tim-
ing arrangement associated with said sender,
a trouble recorder, means for associating said

trouble recorder with said sender and means © -

to operate said associating means in response
to failure of one of said selector switches or

in response to the operation of said timing

arrangement. »
In witness whereof, we hereunto subscribe
our names this 20th day of February, 1931.
' FRANK S. IRVINE,
THOMAS H. ROBERTS.
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