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PATENT office 
JOHN WICKS, OF OAK PARK, ILLINOIS, ASSIGNOR, BY MESNE AssGNMENTs, To Asso 

CIATED ELECTRIC LABORATORIES, INC, OF CHICAGO, ILLINOIs, A coRPORATION OF 
DELAWARE 

:- MULTIOFFICE TELEPHONE SYSTEM 

Application filed September 28, 1929, Serial No. 395,882. Renewed March 28, 1982. 
This invention relates to multi-office tele 

phone systems in general but is concerned 
more particularly with multi-office auto 
matic telephone systems of the so called in 
verted' type, in which talking and holding 
current is supplied from the first selector 
instead of from the connector. A system of 
this type is shown in the copending applit 
cation of J. Wicks, Serial No. 297,611, filed 
August 6, 1928, now Patent No. 1778,204, 
Oct. 14, 1930, of which this invention may 
be considered as an improvement. 
The invention has for its broad objects 

the provision of new and improved circuits 
and switches for use in systems of the above 
type, for making such systems more efficient 
and practical, and for providing additional 
service features, 
One feature of the invention is a tandem toll service trunking arrangement in which 

two-way inter-office trunks are utilized for 
both local and toll service. This arrange 
ment, incidently, requires new combination 
local and toll selectors and connectors which 
also form a part of the invention. The 
trunks connecting the toll board and the 
tandem office are likewise for two-way traf 
fic and serve both as toll completing and toll 
recording trunks. In addition, the system 
is arranged for preferred toll service, i. e. 
toll calls may be completed to lines engaged 
in local connections. 
Another feature of the invention is the 

revertive ringing arrangement. This per 
mits the subscriber to signal an extension 
station on the same line as is done in party 
line systems. The revertive ringing appara 
tus is also useful for testing and adjusting 
Substation ringers, permitting this to be done 
by a repair man at the sub-station without 
any assistance from the central office. 
Another feature is the arrangement for 

transmitting alarm signals from an unat 
tended exchange to an operator over the reg 
ular inter-office and toll board trunks. The 
signalling apparatus, moreover, does not in 
terfere with regular inter-office traffic since 
the trunk being used for signalling purposes 
is still accessible to the automatic switches 

of the exchanges and is available for local 
or toll calls. 
The foregoing features together with oth 

ers, not specifically mentioned, will be de 
Scribed in detail hereinafter, reference be inged to the accompanying drawings. 

or the purpose of this description, it has 
been chosen to show the application of the 
invention in a telephone system comprising 
two automatic offices and a manual toll of 
fice. It is to be understood, however, that 
the use of the invention is not limited to the particular arrangement shown. The two 
automatic offices will be referred to herein 
after as office “A” and office “B,” respective 
E; and the manual or toll office will be re 
erred to as the toll board. The automatic 

gfices are connected by two-way trunks. Of 
fice "A' is also connected with the tollboard 
by two-way toll completing and toll record 
ing trunks and serves as the tandem switch 
ing center for all toll calls in the system. 
In the system used for illustration, the auto 
matic offices are of the one-thousand line 
type, although it is obvious that offices of any 
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s 
other size may be employed. In order to 
provide a universal numbering system, the 
numbering is on a four digit E. and the 
local first selectors are arranged to cancel 
the first digit on local calls. It is further 
assumed that the two automatic offices are 
normally unattended and provision is made 
for extending alarm signals from these of 
fices to the tollboard over the regular service 
trunks. The alarm from each office takes a 
different route to the operator who is thus 
advised of the particular office in which the 
alarm originates. 

Referring now to the accompanying draw. 
ings comprising Figs. 1 to 10, inclusive, Figs. 
1 to 9, inclusive, show by means of the usual 
circuit diagrams a sufficient amount of equip 
ment in a telephone system employing the in 
vention, to permit the invention to be readily 
described and understood. Fig. 10 is a lay 
out diagram showing the manner with which 
the sheets of drawings should be arranged 
in order to show the interrelation of the va 
rious circuits. . 
In Fig. 1 is shown a subscriber's line serv 
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ing sub-station T and extension station T1 
and terminating in rotary line switch LS. 
The sub-stations are of the usual automatic 
type. The line switch LS is of the well 
known rotary type, having no normal or home 
osition, and is provided with an extra wiper 
or metering purposes. The line switch has 

access to local first selectors of which one 
selector SR is shown. Selector SR mechani 
cally is an ordinary two motion Strowgertype 
switch. The circuit of this selector is of the 
type required in the inverted system and the 
switch is arranged to supply battery for the 
control loop as well as talking battery for 
both the calling and called subscribers. 
Selector SR has access by way of its wipers 
and banks to local connectors, reverting ring 
ing, relay groups, trunks leading to the toll 
board, and trinks extending to the other 
automatic exchanges of the system, such as 
trunks to the exchange 'B'. The line switch 
and selector in Fig. 1 are in exchange “A”. 
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Fig. 2 shows a revertive ringing relay 
group RC accessible to local first selectors of 
the automatic exchange A. This relay group 
is arranged to ring back on the calling line, 
to signal the extension station on that line. 
in Fig. 3 is shown a combination local and 

toll connector C and the sub-station T2 ter 
minating a subscriber's line. Mechanically 
the connector is a Strowger type, vertical 
and rotary switch similar to selector SR of 
Fig. 1. The circuit, however, is arranged to 
operate in an inverted system with selectors 
such as selector SR. 

Fig. 4 shows a trunk relaygroup RCT ter 
minating a combined recording and complet 
ing trunk connecting the toll board and of 
fice A. The dialling cord DC is used for 
extending calls over these trunks to the auto 
matic exchange. Incoming calls are an 
swered by means, of the usual operator's 
answering cord AC of which only a part is 
shown. Toll calls are also completed by the 
answering cord or by a regular toll cord (not 
shown). 

Fig. 5 shows a toll transmission selector 
TTS in which the trunks from the toll board 
terminate at the automatic exchange. This 
switch is also of the usual Strowger, vertical 
and rotary type and mechanically is very 
similar to selector SR. A special feature of 
this switch is the arrangement for switching 
through on tandem toll calls as will be ex 
plained in later paragraphs. The switch 
feeds holding battery and talking current for 
the called subscriber and the operator in the 
same manner as local selector SR. 

In Fig. 6 is shown an incoming selector 
repeater ISR terminating a two way trunk 
connecting two automatic offices. Mechan 
ically, this switch is similar to selector SR. 
The circuit, however, is modified to adapt it 
for trunk service. 

Fig. 7 shows an alarm signal relay group 
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ASR for transmitting alarm signals indicat 
ing unstandard conditions in the automatic 
exchanges to the toll operator. This relay 
group actually comprises two distinct operat 
ing elements. One of these elements is asso 
ciated with an inter-office trunk such as the 
trunk terminating in selector ISR of Fig. 6 
and operates to relay alarm signals over this 
trunk, to the toll operator by way of a toll 
recording trunk. The other element is for 
transmitting alarm signals from the 'A' 
office to the toll operator over one of the toll 
recording trunks. The alarm signal appara 
tus shown is not the complete alarm system of 
an automatic exchange. Two fuse alarms 
Only have been shown as this permits a clear 
understanding of the operation of the ap 
paratus. It may be noted here that the ob 
ject in classifying the alarm signals as is done 
in this instance is to give the operator an 
idea of the seriousness of the trouble in the 
automatic exchange. Certain unstandard 
conditions will tie up only a single piece of 
apparatus, and thus not effect the services of 
the exchange to any great extent, while other 
unstandard conditions may completely in 
terrupt the service of the exchange. In the 
latter case, it is necessary to send out a repair 
man immediately to restore the service. 

Fig. 8 shows an incoming selector ISR1 
terminating a two-way trunk from the tan 
dem automatic office, such as the trunk ter 
minating in selector ISR of exchange “A”. 
This selector is for both toll and local serv 
ige, Mechanically and electrically, selector 
ISR1 is similar to selector ISR with certain 
modifications to adapt it for combination use 
as will be explained in later paragraphs. 
This selector has access only to connectors in 
the B office. 

In Fig. 9 is shown alarm signal relaygroup 
ASR1 corresponding to the local alarm re 
lays in relay group ASR, Fig. 7. The alarm 
Signal apparatus shown is similar to that 
shown in Fig. 7. In Fig. 9 are also shown the 
local selector S1 and connector C1. These 
Switches are shown only in skeleton form 
and are identical with the selector SR and 
connector C of Figs. 1 and 3, respectively. 
T3 and T4 are two ordinary automatic sub 
stations similar to sub-station T. The sub 
station T3 terminates in line switch LS1 
which is similar to line switch LS of Fig.1. 

Local calls in the automatic exchange are 
made by dialling a four digit number. For 
example, sub-station T in calling sub-station 
T2 on initiating the call is connected with 
a selector such as selector SR by way of line 
switch LS. The first digit dialled, in this case 
the digit four, causes selector SR to raise its 
wipers opposite the fourth level and then 
restore to normal. The second digit again 
causes the selector SR to raise its wipers op 
posite the called level in which local connec 
tors such as connector Care accessible, where 
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in the connection is extended to such local 
connectors. The two final digits operate the 
connector to the contacts of the called line 
which is then signalled in the usualway by the 
connector. In making an inter-office call, 
sub-station Twill dial the digit of the wanted 
office, in this case the digit 3, and selector 
SR will operate to select a trunk to the 'B' 
office. The second digit of the called number 
will operate selector ISR1 to a local level 
where a trunk extending to a local connector, 
such as connector C1, will be selected. The 
two final digits of the number operate con 
nector C1 to the contacts of the called line 
which is then signalled in the usual way by 
the connector. 

It will be noted that the two sub-stations 
namely T and T1 are associated with one sub 
scriber's line. Tl is shown to be an exten 
sion station from which calls may be extended 
or answered. It may in some cases be desir 
able to signal between sub-stations T and 
T1. In this case the calling sub-station being 
extended to a selector, such as selector SR, 
will operate this switch to the level in which 
the revertive ringing relay group RC is ac 
cessible. The selector is arranged to switch 
through on this level, disconnecting the reg 

30 

35 

40 

45 

50 

60 

65 

ular battery feeding bridges. When the re 
ceiver is hung up at the calling sub-station, 
the relay group RC will transmit ringing 
current over the calling line to ring the bells: 
at both the regular sub-station and the ex 
tension sub-station on the line. Selector SR, 
however, does not release under these condi 
tions but is held locked up by the relaygroup, 
When either party answers, the ring is cut off 
and when the receivers at the two sub-stations 
are finally replaced, the equipment all re 
stores to normal in the usual way. In testing 
a sub-station ringer, a similar procedure is 
followed by the repair man. 
Toll calls for subscribers in either auto 

matic exchange are extended manually from 
the toll board. A talking connection between 
the incoming toll line (not shown) and the 
toll completing trunk such as the trunk RCT 
of Fig. 4 is set up by means of the usual toll 
or answering cord AC. The operator then 
inserts the dialling cord, such as cord DC, 
into the dialling jack of the selected trunk 
and dials the last three digits of the called 
number if the subscriber is in exchange 'A', 
or the complete number if in the exchange 
“B”. Toll transmission selector TTS re 
sponds to the first digit and selects a com 
bination connector, such as connector C in 
exchange “A”. This connector is then oper 
ated responsive to the last two digits to 
select the called line. The connector signals 
the called line under control of the operator 
at the manual board. In case the called line 
is busy in either a local or a toll call, the 
toll operator is given a distinctive signal to 
that effect. If busy in a local call, the oper 
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ator may cut in and talk to the subscribers 
on the wanted line and inform them that a 
toll call is waiting. In case the line wanted 
is not released immediately, the operator may 
disconnect the call in which case the toll call 
will be extended through to the line. The 
operator cannot cut in, however, when the 
wanted line is busy in a toll call. To call 
a subscriber in the “B” office, the operator 
dials the second exchange digit, in this case 
the digit 3, and toll transmission selector 
TTS, selects a trunk to exchange 'B' ter 
minating in the selector such as ISR1. The 
second digit operates selector ISR1 to a local 
level and extends the call to a combination 
connector such as connector C1. Connector 
C1 responds to the last two digits to extend 
the call in the same manner as connector C. 
Since the inter-office trunk is used for both 
toll and local calls, it is necessary that cer 
tain switching operations take place in order 
to provide the proper service for the different 
types of calls. Such switch-over operation 
changing from local to toll operation is 
brought about by a reversal of battery over 
the trunk when the call is extended by way 
of the toll transmission selector. 

Subscribers in each exchange may reach 
the toll operator over one of the combination 
toll completing and toll recording trunks by 
dialling a recording code such as the two 
digits 40, selected in this case by way of 
illustration. This code dialled from a sub 
station in office 'A' first operates the first 
selector to a local level from which the selec 
tor drops back and cancels the digit, and in 
response to the second digit extends the call 
over the 'O' level to a trunk such as the 
one extending to trunk group RCT. This 
code dialled from a sub-station in exchange 
'B' causes a local selector S1 to select a 
trunk such as the one extending to incoming 
selector SR in exchange “A” which in turn 
responds to the second digit and extends the 
call to the operator in the usual way. 
Alarm signals in the automatic exchanges 

cause the operation of one of the relay groups 
ASR or ASR1. The former relay group con 
nects a potential to the toll recording trunk 
in order to signal the operator at the toll 
board. In the case of an alarm signal in 
the “B” office, the alarm relay group in that 
office extends the signal over an inter-office 
trunk to the alarm relay group in the “A” 
office which in turn relays the call to the 
operator. A different trunk is used to for 
ward the alarm signals from the different of 
fices in order to indicate the origin of the 
call to the operator. 
The alarm signal equipment is so arranged 

that a regular call may seize the inter-office 
trunk at any time when a signal is being 
transmitted. The signal equipment is tem 
porarily disconnected and at the completion 
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of the call it reoperates to again forward the 
signal to the toll operator. 

Having described briefly the operation of 
the equipment and the apparatus involved, a 
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detailed description of the various connec 
tions will now be given. 
Call from sub-station, T to sub-station T8 
When the subscriber at sub-station T lifts 

the receiver, a loop including the impulse 
contacts of the calling device at sub-station 
T is closed for relay 5 of the associated line 
switch LS. This circuit extends from 
ground, armature 11, line conductor 3, 
through the calling subscriber's telephone, 
line conductor 2, armature 8, winding of re 
lay 5, to battery. Relay 5 operates, closes a 
circuit for relay 4 at armature 13, and at ar 
mature 12, closes the usual testing circuit by 
connecting the test wiper 16 between switch 
ing relay 4 and stepping magnet 6. In case 
the trunk on which the wipers are standin 
is busy, wiper 16 will encounter a groun 
which shunts relay 4 and causes the step 
ping magnet to operate and advance the 
wipers to the next set of contacts. This op 
eration will be repeated as long as wiper 16 
encounters grounded contacts. Magnet 6 
opens its own circuit at interruptor contact 
18 at each step. When an idle trunk is found 
which will be assumed to be the trunk ter 
minating in selector SR, there will be no 
ground on the test contact engaged by wiper 
16 and relay 4 being no longer shunted, will 
operate. The calling line loop will be ex 
tended by way of arnatures 8 and 11 and 
wipers 14 and 17, to the line relay of selector 
SR. The release trunk conductor will be 
switched over from the upper to the lower 
terminal of relay 4 to provide a holding cir 
cuit for that relay after relay 5 releases. 
The metering conductor extending from 
wiper 15 is connected to meter 7 at arma 
ture 9. The circuit of relay 5 is opened at 
armatures 8 and 11 and that relay, being 
slow-to-release, maintains its armatures op 
erated long enough for the selector to return 
a holding ground over the release trunk to 
hold relay 4 operated. When the calling 
line is extended to the selector, a circuit is 
closed for line relay 101 which may be traced 
from battery, upper winding of relay 102, 
left-hand coil of relay 101, armatures 141 
and 127, upper talking conductor, wiper 14 
and armature 8 of line switch LS, line con 
ductor 2, through the loop at the calling sub 
station, line conductor 3, armature 11 and 
wiper 17 of the line switch, lower talking 
conductor, armature 131, right-hand coil of 
relay 101, lower winding of relay 102, to 
ground. Relay 101 operates and closes a cir 
cuit from ground, armature 122, winding of 
relay 108, windings of relay 107, to battery, 
and in parallel therewith, through the in 
terrupter contacts 176, armature 158, wind 
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ing of magnet 112 to battery. Relay 108 
operates in the above circuit, but due to the 
high resistance of this relay, relay 107 and 
magnet 112 do not operate at this time. It 
may be noted that relay 102 does not operate 
over the loop circuit traced for relay 101, be 
cause its windings are arranged to oppose 
each other. Relay 108 on operating, con 
nects ground to the release trunk conductor 
at armature 147 to hold up relay 4 as previ 
ously mentioned. At armature 146 an alter 
nate circuit is closed for relay 101 inde 
pendent of armature 141. At armature 148 
a short circuit for relay 108 is closed which 
circuit will also serve to operate relay 107 
and vertical magnet 112. Relay 10i also 
closes a circuit from battery, upper winding 
of relay 102, upper winding of relay 103, ar 
mature 121, normally closed contacts con 
trolled by armatures 127 and 155, respec tively, upper winding of relay 106, to ground. 
Relays 103 and 106 operate in series over the 
above circuit. The resistance of relay 106 
is high enough so that relay 102 is not un 
balanced and consequently does not operate 
at this time. Relay 103 upon operating 
opens a point in the release circuit at arma 
ture 125 and closes a point in the holding 
circuit of relay 106 at armature 126. Relay 
106 upon operating closes a point in the tem 
porary holding circuit of relay 103 at arma 
ture 134, connects dial tone to the upper talk 
ing conductor of the selector at armature 135, 
opens a point in the busy tone circuit at ar 
mature 136, and completes its own locking 
circuit at armature 139. This latter circuit 
may be traced from ground at armature 126, 
armature 139, lower winding of relay 106, to 
battery, and serves to maintain the relay in 
operated position until such time as relay 
103 restores. The dial tone is audible to 
the calling subscriber who is informed there 
by that he has been connected with a first 
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selector and that the dialling may proceed. 
It has been assumed for the purpose of 

describing the operation, that the number of 
the caled line is 4422. A calling subscriber 
now proceeds to dial this number by operat 
ing the calling device at the sub-station. The 
calling loop is interrupted correspondingly, 
and relay 101 responds by retracting its 
armatures at each interruption of the circuit. 
At each impulse a circuit is closed from bat 
tery, upper winding of relay 102, upper wind 
ing of relay 103, normally closed contact con 
trolled by armature 121, armatures 150, 144, 
and 134, resistance 114, to ground. Reay 
103 holds its armatures in operated position 
Over the above circuits during the transmis 
Sion of impulses. Resistance 114 is of such 
a value that the relay, 102 is not unbalanced 
and consequently does not operate. Relay 
101 by retracting its armature 122 short cir 
cuits relay 108, and a circuit is closed from 
ground, armature 148, contacts controlled by 

0. 

15 

20 

125 

30 



0. 

5 

20 

25 

30 

40 

A. 5 

5 5 

(8) 

65 

1,901,088 
armature 122, through the winding of relay 
107 to battery, and in parallel therewith 
through interrupter contacts 176, armature 
158, vertical magnet 112 to battery. The ver 
tical magnet operates over the above circuit 
and raises the wipers one step in response 
to each impulse from relay 101. Relay 107 
operates in parallel with the vertical magnet 
and maintains its armatures actuated 
throughout the series of impulses due to its 
slow-releasing characteristic. It will be 
noted that relay 107 is connected in series 
with relay 108, during the time relay 101 is 
operated. As previously stated the resist 
ance of relay 108 is such that relay 107 will 
not operate in series therewith, nor will re 
lay 107 remain operated when connected in 
series. This connection, however, causes the 
relay 107 to become slow in releasing. Since 
the digit 4 was dialled, relay 101 drops back 
four times and transmits four impulses to 
magnet 112, which raises the wipers opposite 
the fourth level of bank contacts. On the 
first vertical step of the wipers, off-normal 
contacts 116 operate and disconnect the dial 
tone from the calling line, contacts 11 close 
a point in the release circuit, and contacts 
118 close a point in the circuit of the rotary 
magnet. When the wipers reach the fourth 
level, shaft springs 120 operate. These 
springs are adjustable and are set to operate 
on the particular level from which it is de 
sired that the selector shall release. 

Shortly after the last impulse of the series, 
relay 107 will restore. Parallel circuits are 
closed from ground, armatures 147, 123, 129, 
and 142, shaft 'springs 120, armature 133, 
off-normal contacts 117, through release mag 
net 113 to battery, and by way of contacts 
controlled by armature 132, through the wind 
ing of relay 105 to battery. Release magnet 
113 operates and the switch wipers are re 
stored to normal position in the usual way. 
Relay 105 upon operating closes a locking cir 
cuit for itself at armature 132 to ground at 
armature 149. By actuating its armature 
133, relay 105 disconnects the shaft springs 
from the circuit, so that the Subsequent op. 
eration of the wipers of the fourth level will 
not affect the release of the switch. Relays 
101, 103, 106, and 108 remain operated dur 
ing the release of the switch. 
The calling subscriber now dials the sec 

ond digit of the number which is also as 
sumed to be the digit 4, and relay 101 re 
sponds as in the previous instance. The off 
normal springs again operate on the first 
step and close the various circuits previously 
described. Relay 107 and magnet 112 op 
erate as previously, stepping the wipers to 
the fourth level. Shaft springs 120 again 
operate but are without effect at this time, 
since relay 105 is locked up, and has opened 
the release circuit at armature 133. Shortly 
after the last impulse of the series, relay 10 

releases and closes a circuit from ground 
armatures 147,123,129, and 142, oformal 
contacts 118, armature 157, interrupter con 
tacts 177, through the rotary magnet 111 to 
battery. Magnet 111 operates and steps the 
wipers in on to the first set of contacts in the 
fourth level. Interrupter springs 177 oper 
ate near the end of the stroke of the magnet 
and open the circuit of the magnet ES 
restores. . . 
Assuming that the first trunk of the select 

ed group is busy, the test contact engaged by 
wiper 161 will be grounded. The test circuit 
may be traced from wiper 161, upper wind 
ing of relay 110, armatures 137 and 149, to 
ground. The ground encountered by wiper 
161 on the busy contact, therefore, shunts 
the upper winding of relay 110 and conse 
quently the relay does not operate. Rotary 
magnet 111, however, again closes its inter 
ruptor contacts 17 thereby completing the 
previously traced operating circuit of the 
magnet. This circuit is maintained as long 
as the wiper continues to engage a busy con 
tact, the magnet 111 stepping the wipers and 
opening its own circuit in a buzzer-like man 
e - 

Assume that trunk comprising conductors 
163-166 is the first idle trunk of the group. 
This trunk terminates in connector C (Fig. 
3), and when idle, is characterized by having 
battery potentialconnected totrunk conductor 
165. It may be noted that conductor 165 is 
used only in toll connections and is not shown 
connected in the banks of selector SR. When 
the wipers of the selector engage the contacts 
associated with this trunk, wiper 161 encoun 
ters battery potential, relay 110 will operate 
over the previously traced test circuit and 
open the circuit of the rotary magnet at 
armature 157. The wipers of the switch are 
thereby stopped on the contacts of the idle 
trunk. Relay 110 closes a locking circuit 
in series with the rotary magnet at armature 
157. The resistance of the lower windirig of 
relay 110, however, is such that magnet 111 
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does not operate at this time. At armature 
156, relay 110 short circuits its upper wind 
ing to prevent a possibility of interference 
from the switch C. At armature 158 the cir 
cuit of the vertical magnet is opened and at 
armatures 155 and 159 a control circuit is 
extended to the connector by way of wipers 
160 and 162. It will be noted that the upper 
winding of relay 104 is connected in the test 
circuit in parallel with the upper winding 
of relay 110 and subsequently directly to test 
wiper 161 by way of armature 156. The 
relay, however, is so adjusted that it does not 
operate in series with either the resistance 
313 or the lower winding of relay 302 of con 
nector C, when a connection is extended. The 
purpose of this relay will be described in later 
paragraphs. 
A control loop extending from selector SR 

6 

120 

125 

130. 



(3 

to connector C, may now be traced from bat 
tery, upper winding of relay 102, upper 
winding of relay103, armature 121, normally 
closed contacts controlled by armature 127, 
armature 155, wiper 160, trunk conductor 166 
to connector switch C, armatures 321 and 341, 
normally closed contacts controlled by arma 
ture 348, upper winding of relay 306, winding 
of relay 307, armature 326, trunk conductor 
164, wiper 162, armature 159, normally closed 
contacts controlled by armature 131, lower 

5 

winding of relay 103, lower winding of relay 
102 to ground. Relay 307, which is the im 
pulsing relay of the connector, operates 
over the above circuit, but relay 306 does 
not since the current flow in its upper 
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winding is insufficient to overcome the ten 
sion of the armature springs. Further the 
relay is arranged so that on calls from a local 
selector, the two windings oppose each other 
as will be subsequently explained. As pre 
viously mentioned, the relay 110 upon oper 
ating short circuits its upper winding and 
connects ground to the release trunk through 
the low-resistance upper winding of relay 
104. This ground extending by way of wiper 
161, conductor 165, armature 333, off-normal 
contacts 315, lower winding of relay 302, 
resistance 312 to battery, causes the operation 
of relay 302. Relay 302 locks itself to the 
release trunk at armature 331, thereby ren 
dering itself independent of off-normal con 
tacts 315. Relay 302 opens a point in the 
release circuit at armature 329, and at arma 
ture 330 connects a ground to local holding 
conductor 320 the purpose of which will be 
apparent from the later description. Relay 
307 operates as previously mentioned and 
prepares the impulsing circuit at armature 
355. The purpose of the parallel battery con 
nection through resistance 313, which is a 
non-inductive resistance, is to increase the 
battery flow in the test circuit to insure the 
quick operation of the switching relay of 
the selector. . . 

The calling subscriber now proceeds to dial 
the third digit of the called number which is 
assumed to be the digit 2. Relay 101 of se 
lector SR responds as in the previous instance 
and opens the control circuit of relay 307 
at armature 121. Relay 307 responds to the 
impulses and on restoring at each impulse, 
closes a circuit from ground, armature 330, 
contacts controlled by armature 355, arma 
tures 325 and 344, thence in two parallel cir 
cuits one extending through relay 304 to bat 
tery, the other by way of armature 335 
through vertical magnet 308 to battery. Re 
lay 304 which is a slow acting relay, oper 
ates in response to the first impulse and re 
mains operated throughout the series of im 
pulses. Magnet 308 operates in response to 
each impulse and raises the wipers of the 
switch opposite the called level, in this case 
since two impulses were transmitted the wip 
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ers are raised opposite the second level of 
the bank contacts. Relay 304 upon operating 
closes a point in the trunk circuit at arma 
ture 33 shunting the armature 341, and 
opens a point in the circuit of relay 303 at 
armature 339. Upon the first vertical step 
to the wipers, off-normal contacts 315, 316, 
and 31 are operated, the former opening 
the circuit of relay 302 which, however, re 
mains locked by way of armature 331 and 
the release trunk conductor; contacts 316 
close a circuit for grounding conductor 320 
to be effective after the release of relay 302; 
and contacts 317 close a point in the circuit 
of the upper winding of relay 301 and of 
switch-over relay 303. Shortly after the last 
impulse of the series, relay 304 restores and 
closes a circuit from ground, armatures 330 
and 355, off-normal contacts 317 closed on 
the first vertical step, armatures 343 and 339, 
through the winding of relay 303 to battery. 
A parallel circuit is closed through the re 
sistance 314, lower winding of relay 306 to 
battery. Relay 303 operates and iocks itself 
to the release trunk conductor at armature 
333 and opens the circuit of relay 302. A 
point in the circuit of the release magnet is 
opened at armature 334, and ground by way 
of off-normal contacts 316 is connected to 
local holding conductor 320. The impulsing 
circuit is now switched from vertical magnet 
308 to rotary magnet, 309 at armature 335. 
Relay 306 does not operate over the previ 
ously traced circuit due to the value of re 
sistance 314. Relay 302 now releases and 
prepares the ringing and release circuit. 
The calling subscriber now dials the final 
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digit of the number, that is the digit 2, and 
relays 101 and 30 respond as in the previous 
instance. Relay 307 transmits two impulses 
to rotary magnet 309 which operates to step 
the wipers around to the contacts of the called 
line. Relay 304 again operates and remains 
operated during the series of impulses. At 
armature 337 the circuit of relay 307 is 
maintained and at armature 340 the impuls 
ing circuit is maintained independent of the 
contacts of relay 305 in order to prevent that 
relay from interferring with the operation of 
the switch as the wipers pass over busy con 
tacts. Test relay 305 is connected to test 
wiper 357 at armature 338. It will be as 
sumed that the called line is the one compris 
ing the conductors 359-361 terminating in 
sub-station T2. If the called line is busy 
there will be a ground on the test contact en 
gaged by wiper 357. Relay 305 operates from 
this ground, and prepares a locking circuit 
for itself at armature 342. A point in the cir 
cuit of relay 307 is opened at armature 341 
and points in the circuit of the upper wind 
ing of relay 301 are opened at armatures 343 
and 345. The impulsing circuit is opened at 
armature 344, and the busy tone is connected 
up at armature 347. Shortly after the last 
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impulse of the series, relay 804 releases and 
opens the circuit of relay 307 at armature 337 
and also the impulsing circuit at armature 
340. Relay 305 is disconnected from the test 
wiper and now remains locked up by way 
of contacts controlled by armature 338, arma 
tures 342,323, and 334, and off-normal con 
tacts 316 to ground. Relay 307 releases but 
is without effect at this time. 

Returning now to selector SR, the opening 
of the control loop at the connector causes 
relay 103 to release and open the holding cir 
cuit of relay 106 at armature 126. Relay 106 
releases and switches the selector over from 
operating to talking position by switching 
the talking circuit from wiper 160 through 
to condenser 178 at armature 135. Relay 104 
is shunted out at armature 13 to prevent the 
subsequent operation of this relay. The busy 
tone from the connector is now transmitted 
to the calling subscriber by way of condenser 
179 and the lower trunk conductor. The call 
ing subscriber is thereby informed that the 
called line is engaged and the subscriber is 
expected to hang up and release the connec 
tion. 

In case the called line is idle when the 
wipers of the connector are operated into en 
gagement with the contacts of the line, wiper 
357 will not encounter ground, consequently, 
relay 305 does not operate. When relay 304 
releases shortly after the last impulse of the 
series, relay 301 operates over a circuit from 
ground, off-normal contacts 316, armatures 
334 and 355, off-normal contacts 317, arma 
ture 343, upper winding of relay 301, arma 
tures 345,354, and 338, wiper 357, trunk con 
ductor 360 through the cut-off relay and mag 
net of the associated line switch correspond 
ing respectively to relay 4 and magnet 6 of 
line switch LS, to battery. Relay 301 closes 
a locking circuit for its lower winding at 
armature 324 in series with vertical magnet 
308. Magnet 308, however, does not operate 
due to the high resistance of relay 301. The 
ringing circuit is closed through to the called 
line at armatures 320 and 327 and at armature 
321 a ring back circuit for the calling line is 
closed by way of condenser 319. The control 
circuit of relay 307 is opened at armatures 
321 and 326 and relay 307 restores. Ground 
from armature 350 is connected directly to 
the test wiper 357 by way of armature 322 
to mark the line locally busy. Relay 301 by 
operating its armature 325 also prepares a 
locking circuit for the ring cut-off relay 302. 
At the selector SR, the switch-over operation 
takes place as was previously explained when 
a busy line was connected. 
The connector now sends out interrupted 

ringing current over the called line from 
grounded generator Gen, upper winding of 
relay 302, armatures 328 and 320, wiper 356, 
line conductor 359, through the bells at the 
called sub-station, T2, line conductor 361, 

wiper 858, armatures 327 and 832, to battery. 
The ringing current is interrupted in the 
usual way by interrupter INT in order to ring 
the bell of the called sub-station intermit 
tently. When the called subscriber answers 
by lifting the receiver at the called sub-sta 
tion, a direct current path is closed for the 
upper winding of relay 302 and that relay 
operates in a well known manner. The ring 
ing circuit is opened at armatures 328 and 332 
and the talking circuit is completed at those 
armatures. A point in the release circuit is 
opened at armature 329 and ground is again 
connected to local holding conductor 320 
at armature 330. Relay 302 also closes a 
locking circuit for itself which may be traced 
from ground at armature 330 or off-normal 
contact 316, conductor 320, contacts con 
trolled by armature 355, (relay 307 having 
restored) armatures 325 and 331, lower wind 
ing of relay 302, resistance 312 to battery. In 
the selector, relay 103 now operates over the 
called line loop, the previously traced control 
circuit for relay 307 having been extended by 
way of the wipers through to the called line. 
The two subscribers may now talk, battery 
for the calling subscriber being supplied 
through line relay 101, and for the called 
subscriber through relay. 103. The calling 
and called loops are inductively connected 
through the condensers 178 and 179. 

Relay 103 as previously mentioned oper 
ates when the called subscriber answers. A 
circuit is closed from ground by way of ar 
matures 126, 139, and 143 through relay 109 
to battery. Relay 109 operates and locks to 
ground at armature 149 by way of armature 
153. Relay 109 remains operated during the 
conversation and closes a point in the talking 
circuit at armature 150, opens a point in the 
release circuit at armature 151, and prepares 
the metering circuit at that armature. 
When the subscribers finish talking, the re 

ceivers at both the calling and the called 
sub-stations will be restored. When the called 
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party hangs up, the circuit of relay 103, . 
which has been feeding the talking battery 
to the called party, will be opened and that 
relay will restore. The calling party upon 
hanging up opens the circuit of line relay 
101 and that relay will restore. A circuit 
may now be traced from ground, armature 
148, contacts controlled by armature 122, 
through relay 107 to battery. Relay 107 op 
erates, and at armature 142 connects ground 
to the release trunk by way of armatures 129 
and 123, to hold up the cut-off relay 4 of 
line switch LS and to maintain the holding 
circuit for switching relay 110 of the selector, 
The circuit of relay 107 will be maintained 
a short time after relay 101 releases due to 
the slow-releasing characteristic of relay 108. 
Relay 107 is rendered slow-to-release at this 
time by the short circuit of its lower wind 
ing through armatures 138 and 158 and in 
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terrupter contacts 176. Shortly after the re 
lease of relay 101, relay 108 will fall back 
and close the metering circuit which may be 
traced from ground, meter 7 associated with 
line switch LS, armature 9, wiper 15, meter 
ing conductor, armatures 151,145, 125, and 
128, off-normal contacts 117, through the winding of magnet 113, to battery, Meter 7 
operates over the above circuits and registers 
the call; the magnet 113, however, does not 
operate due to the relatively high resistance 
of the meter relay. Relay 10 remains Op 
erated for a time after relay 108 falls back 
and maintains the holding ground on the 
release trunk. The release of relay 08 also 
opens the circuit of relay 109 which being 
slow acting, maintains its armatures actu 
ated for a short time after its circuit is opened, to effect the just described metering 
function. After a slight delay, relay 109 re 
stores and closes the release circuit at arma ture 151, opening the metering circuit at the 
same time. Release magnet 118 operates to 
restore the switch wipers to normal posi 
tion, and at contacts 180, closes a holding 
circuit for relay 107 to keep that relay Op 
erated until the connector has reached the 
normal position. When the wipers return to 
the normal position, the off-normal contacts 
are again operated and the circuit of the re 
lease magnet is opened at off-normal contacts 
117. Release magnet then restores, opens the 
circuit of relay 107 which likewise restores 
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its armatures, and removes ground from 
the release trunk thereby permitting the 
switching relay 4 of the line switch and 
switching relay 110 of the selector to re 
store. The release of relay 108 removes the 
holding ground from test wiper 161 and re 
lease trunk conductor 165, thereby permitting 
relay 303 of connector C to restore. Relay 
303 disconnects the lower winding of relay 
301 from magnet 308 and connects it instead 
to the upper talking conductor of the con 
nector at armature 336 and contacts con 
trolled thereby. If the called subscriber has 
hung up, relay 301 releases after a shortin 
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terval and opens the holding circuit of relay 
302 at armature 325. Relay 302 releases and 
at armature. 329 completes a circuit for re 
lease magnet 310 which restores the switch 
wipers to normal position in the usual way. 
The switches are thus all restored to their 
normal positions and are available for an 
other call. 
In case the called subscriber fails to hang 

up after a call, the various switches except 
connector Crelease as above described. After 
the release of relay 303 which occurs in re 
sponse to the removal of ground from con 
ductor 165, relay 301, it will be recalled, is 
connected to the upper talking conductor of 
the connector. Since it is assumed that the 
called party has not hung up, there will be a 
circuit for relay 301 extending from ground, 
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lower winding of the relay, armature 324, 
contacts controlled by armature 336, arma 
tures 328 and 320, wiper 356, called line loop, 
wiper 358, armatures 327,332,326,336, wind. 
ing of magnet 308, to battery. Relay 301 will 
remain operated over this circuit until the 
called subscriber hangs up and will, of course, 
maintain the holding eircuit of relay 302. 
Ground will be applied to conductor 165 by 
way of armature 330, contacts controlled by 
armature 355, and armatures 325 and 383 to 
mark the connector busy in the banks of the 
selectors. Upon the called party hanging up, 
the connection will release as previously de 
scribed. 
Revertive call from, sub-station 7 to eaten 

sion. Sub-station T1 
As previously explained, T and T1 are 

two sub-stations on the same subscriber's 
line, T1 being what is ordinarily known as an 
extension telephone. Both sub-stations are 
equipped with the usual calling devices and 
ringers. Assuming that the subscriber at 
sub-station T desires to talk with the sub 
scriber at sub-station Ti, the subscriber at 
sub-station T will remove the receiver from 
the hook and line switch LS will operate in 
the manner previously described to extend 
the calling loop to a selector such as selector 
SR. A particular level in the banks of the 
selectors is set aside for revertive ringing, 
for example, the ninth level. A calling sub 
scriber, therefore, dials only the digit 9 to 
complete the call. 
When the call is extended to a selector 

which will be assumed to be the selector SR, 
relays 10, 103, 106, and 108 operate as pre 
viously described. Relay 101 responds to 
the interruptions from the calling device at 
sub-station T and transmits a series of im 
pulses, in this case 9 impulses, to vertical 
magnet 112 which operates and sets the wip 
ers opposite the ninth level exactly as in 
the previous connection. Relay 107 operates 
during the series of impulses as in the pre 
vious connection. Shortly after the lastim 
pulse of the series, relay 107 releases and 
completes the usual rotary circuit. The wip 
ers of the selector are then automatically ad 
vanced step by step until an idle trunk is 
reached. Assuming that the first idle trunk 
is the one comprising conductors 167-169, 
the wipers of the selector advance to the 
contacts associated with this line. Swithing 
relay 110 of the selector operates over the 
usual testing circuit of the selector and by 
way of wiper 161, trunk conductor 168, con 
tacts controlled by armature 226 of relay 
group RC, resistance 209, relay 207, to bat 
tery. Relay 20 of the relay group does not 
operate in this circuit, due to the value of re 
sistance 209. Relay 110 upon operating ex 
tends the control loop of selector SR through 
to relay group RC, a circuit extending from 
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battery, upper windings of relays 102, and 
103, armature 121, contacts controlled by 
armature 127, armature 155, wiper 160, trunk 
conductor 169, armature 220, upper winding 
of relay 201, armature 228, lower winding 
of relay 201, armature 222, trunk conductor 
167, wiper 162, armature 159, contacts con: 
trolled by armature 131, lower windings of 
relays 103 and 102, to ground. Relays 103 
and 106, which were operated in a local 
circuit previous to the switch through of the 
selector, are now held up over the loop cir 
cuit through relay group RC Relay 110 
short circuits its upper winding at arma 
ture 156 and relay 106 removes the short 
circuit from the upper winding of relay 104 
as in the previous connection. Relay 201 of 
the relaygroup now operates over the con 
trol loop, closes a circuit, for relay 202 at 
armature 212, prepares a holding circuit for 
relay 203 at armature 211, and at armature 
210 short circuits resistance 209 in the re 
lease trunk circuit. The increased current 
flow in this circuit now causes relay 104 of 
selector SR and relay 207 of relay group RC 
to operate in series. Relay 104 upon operat 
ing connects the calling loop straight 
through to wipers 160 and 162 by Way of 
armatures 127 and 131, and opens the circuit 
of impulsing relay 101 at those armatures. 
Relay 104 opens a point in the release cir: 
cuit at armature 128, connects the upper and 
lower windings of relay 110 in Series at arma 
ture 129, and at armature 130 closes a lock 
ing circuit for its own lower winding in 
parallel with the holding circuit of relay 110. 
Relay 101 now restores followed by the res 
toration of relays 103, 106 and 108. Relay 
207 on operating, connects the lower winding 
of relay 206 to the release trunk by Way of 
armature 230. Relay 206 now operates and 
relays 110 and 104 are held up over a circuit extending from ground, lower winding of 
relay 206, armature 230, conductor 168, wiper 
161, armatures 156,129, and 123, lower wind 
ing of relay 110, armature 157, interrupter 
contacts 177, through rotary magnet 111 to 
battery. The circuit of relay 104 includes 
armature 130. Relay 206 upon operating 
closes a locking circuit for itself at armature 
227 by way of armature 214 and at armature 
226 connects a direct ground to the release 
trunk to hold up relays 110 and 104 of Se 
lector SR over the previously traced circuit. 
Relay 207 is now disconnected from the re 
lease trunk and that relay releases and opens 
the original energizing circuit of relay 206 
of armature 230. Relay 206, however, re 
mains locked up and connects battery and 
ground, respectively, to the upper and lower 
winding of relay 201, which is now held op 
erated over the calling loop. Relay 202 on 
operating as previously mentioned, closed 
a locking circuit for itself at armature 215 
and including armature 218, prepared a cir 
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cuit for grounding the release trunk at arma 
ture 214, and at armature 216 prepared an 
operating circuit for relay 204. 
The calling subscriber now restores the 

receiver to the switch hook, opening the call ing loop, and relay 201 releases. The origi 
nal energizing circuit of relay 202 is opened 
at armature 212, and a circuit is closed to 
relay 204 which may be traced from ground 
at armatures 216, 213, and 219, winding of 
relay 204, to battery. Relay 204 operates 
and at armatures 220 and 222 closes the ring 
ing circuit, and closes the circuit for relay 
205 at armature 221. Relay 205 operates, 
closes points in the holding circuit of relay 
203 at armatures 223 and 224, and at arma 
ture 225 completes a locking circuit for itself 
to ground on the release trunk. Ringing 
current or ground is now intermittently con 
nected to the calling line over a circuit which 
extends from grounded generator GEN or 
ground by way of armature 231 of inter 
rupter relay INT, lower winding of relay 
203, armature 220, conductor 169, wiper 160, 
armatures 155 and 127, upper talking con 
ductor of the selector, wiper 14 of the line 
switch LS, armature 8, line conductor 2, 
through the bells and condensers at both sub 
stations T and T1, line conductor 3, armature 
11, wiper 17, lower talking conductor of the 
selector, armatures 131 and 159, wiper 162, 
conductor. 167, armature 222, to battery. 
The bells at both sub-stations will ring inter 
mittently until a receiver.is lifted at one sub 
station or the other. Assuming that the 
called party, that is the subscriber at sub 
station T1, answers first, a direct current cir 
cuit is closed for relay 203 and that relay 
operates and closes a locking circuit for itself 
at armatuure 217 to ground on the release 
trunk by way of armatures 224 and 226. 
Relay 203 opens the locking circuit of relay 
202 at armature 218, and at armature 219 
opens the circuit of relay 204. Relay 204 
now restores and opens the ringing circuit at 
armatures 220 and 222 and again connects 
relay 201 to the calling loop. Relay 201 op 
erates, closes the circuit of relay 202 before 
that relay has had time to fall back, and at 
armature 211 closes an additional locking cir 
cuit for relay 203. 
The calling subscriber on noting that the 

ringing has ceased, knows that the called 
subscriber has answered and, therefore, will 
again lift his receiver and the conversation 
may take place. Talking battery for both 
subscribers is furnished through the winding 
of relay 201. 
When the conversation is finished, both 

parties will restore their receivers, thus open 
ing the circuit of relay 201 which releases, 
opens the circuit of relay 202 and the addi 
tional locking circuit of relay 203. Relay 
202 releases followed by the release of relays 
203 and 206 and relay group RC is restored 
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to normal position. The release of relay 202 
removes ground from the release trunk at 
armature 214 and relays 110 and 104 of selec 
tor SR release. Relay 104 upon restoring, 
closes a point in the circuit of the release 
magnet, the circuit extending from ground 
armatures 151,145, 125, and 128, off-normal 
contacts 117, winding of release magnet 113 
to battery. The release magnet operates to 
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restore the wipers to normal position, and 
at contact 180 closes an energizing circuit to 
relay 107. Relay 107 operates, at armature 
142, connects ground to the release trunk 
to guard the selector against seizure until the 

5 wipers have reached normal position. On 
reaching normal position, the off-normal con 
tacts are operated and the circuit of the re 
lease magnet is opened at contact 117. Re 
lay 107 now releases and removes the guard 
ing ground from the release trunk and the 
apparatus is again in condition for another 
call. 

Call from sub-station T to sub-station T3 
When the receiver is lifted at sub-station 

T, line switch LS operates as previously de 
scribed to extend the calling line to a selec 
tor. Assuming that the selector SR is the 
one taken into use, relays 101,103, 106, and 
108 operate as previously described in a local 
connection. The sub-station T3 is assumed 
to be in office “B” to which the digit 3 has 
been assigned as an office code. For pur 
pose of illustration it may be assumed that 
the directory number of this sub-station is 
3322. The calling subscriber now dials the 
first digit, that is the digit 3, and the wipers 
of selector SR are raised to the third level 
exactly as was done in a local call. Shaft 
springs 120, however, are not operated on this 
leveland, consequently, relay 105 does not 
operate to release the selector and cancel the 
first digit. Shortly after the last impulse 
of the series, relay 107 releases and closes the 
previously traced rotary and testing circuits 
by means of which the selector now selects an 
idle trunk. The trunk selected, for exam 
ple, may be the one comprising conductors 
173-175 terminating in selector ISR at ex 
change 'A' and in selector ISR1 at ex 
change 'B'. It may be noted that signal 
relays ASR and ASR1 have associated with 
the trunk at offices 'A' and 'B', respectively. 
The test circuit including the upper wind 

ing of relay 110 extends by way of wiper 
161, conductor 174, contacts controlled by 
armature 746, (Fig. 7) through the winding 
of relay 712, to battery. Relay 110 operates 
to switch through the control loop, closes its 
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own locking circuit and opens the circuit of 
the vertical magnet as was described in the 
previous connection. Relay 712 of the alarm 
signal relays also operates and closes a cir 
cuit for relay 711 at armature 750. Relay 
711 operates and closes an alternate holding 
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circuit for relay 12 by way of armatures 
746 and 749. A circuit is Y. closed from 
ground, armature 748, conductor 174, thence 
through armature 625, winding of relay 601 
of the incoming selector ISR (Fig. 6), to bat 
tery. Relay 601 operates and at armatures 
621 and 623 disconnects the selector ISR 
from the trunk. The control loop of selector 
SR which includes the two windings of re 
lay 103, is now extended by way of wipers 
160 and 162, trunk conductors 173 and 175, 
armatures 833 and 835 of incoming selector 
ISR1 (Fig. 8), through the left-hand wind 
ings of the repeating coil R, contacts con 
trolled respectively by armatures 840 and 
841, and through the upper windings of re 
lays 802 and 805 in series. Relay 802, which 
is the impulsing relay, operates in the above 
traced circuit, but relay 805 does not since 
the current flow in its upper winding is in 
sufficient to actuate the armatures. Relay 
802 upon operating closes a circuit from 
ground, armature 888, winding of relay 803, 
thence through relay 810 to battery, and in 
parallel therewith through vertical magnet 
817 to battery by way of armature 878. Re 
lay 803 operates in the circuit but relay 810 
and the vertical magnet do not operate due to 
the high resistance of relay 803. Relay 803 
upon operating, grounds the local holding 
conductor at armature 837, disconnects cut 
off relay 801 at armature 836, and opens a 
point in the release circuit at 838. The 
grounding of the local holding conductor 
completes a circuit for the lower winding of 
relay 805 in series with resistance 822. Re 
lay 805, however, does not operate at this time 
due to the value of resistance 822 and due to 
the fact that the two windings now oppose 
each other. Impulsing relay 802 upon oper 
ating also closes a circuit from battery 
through the lower windings of relays 808 and 
807, armatures 889,891, and 844, lower right 
hand winding of repeating coil R, contacts 
controlled by armature 879, resistance 890, to 
ground. Relay 807 operates over this cir 
cuit, but relay 808 does not operate due to the 
resistance 890. 
The subscriber now dials the second digit 

of the called number, in this case the digit 3, 
and relay 101 responds to the interruption of 
the calling loop as in the previously de 
scribed connection. The circuit of the con 
trol loop is intermittently opened at arma 
ture. 121, and relay 802 responds to these in 
terruptions by retracting its armatures three 
times. Each time relay 802 drops back, a cir 
cuit is closed from ground, armature 837, 
contacts controlled by armature 888, through 
the winding of relay 810 to battery, and in 
parallel therewith by way of armature 878, 
through vertical magnet 817, to battery. 
Magnet 817 responds to these impulses and 
raises the wipers of the switch three steps 
to the third level. Relay 810 also operates 
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in response to the impulses and due to its slow 
releasing characteristics remains operated 
throughout the series of impulses. This slow 
releasing action of relay 810 is due to its 
series connection with relay 803 when relay 
802 is in operated condition. Relay 803 also 
remains operated during the impulsing as its 
winding is short circuited at contacts con 
trolled by armature 888, which renders the 
relay slow acting. Each time relay. 802 drops 
back to transmit an impulse, a holding circuit 
for relay 807 is closed which may be traced 
from battery, lower windings of relays 808 
and 807, contacts controlled by armature 889, 
resistance 821, armature 843, to ground on 
the local holding conductor at armature 837. 

- Relay 808 is prevented from operating at this 

20 

25 

30 

time by resistance 821. After the last im 
pulse in the series, relay 810 releases, closes 
a circuit from ground on the local holding 
conductor, off-normal contacts 827 which 
closed on the first vertical step of the wipers, 
release magnet contact 831, armatures 858 
and 877, interrupter springs 832, through the 
winding of rotary magnet 818, to battery. 
Magnet 818 operates and steps the wipers 
in on the contacts of the first trunk in the 
selected level and near the end of its stroke 
opens its own circuit at interrupter contacts 
832. The magnet then releases and again 
closes its circuit at interrupter contacts 
832 and unless the rotary circuit has been 
opened at some other point, another rotary 
step is imparted to the wipers. This action 
takes place until an idle trunk is encountered 
which may be assumed to be the trunk com 
prising conductors, 981-934 terminating in 
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connector C1, Fig. 9. 
The idle trunk is marked by the presence 

of battery potential on the test contact by 
way of the ring cut-off relay of the connector 
C1 (corresponding to relay 302 of connector 
C). Relay 815 now operates from the bat 
tery encountered by wiper 885, armature 852, 
upper winding of relay 815, and ground on 
the local holding conductor. Relay 815 upon 
operating switches the control loop includ 
ing the lower winding of relay 807 through 
to the line relay of the connector C1. The 
line relay of connector C1 corresponds to the 
relay 807 of connector C previously described. 
The control circuit extends from battery, 
lower windings of relays 808 and 807 in series, 
armatures 889,891, and 844, lower right-hand 
winding of repeating coil R., armatures 879 
and 882, wiper 886, trunk conductor 932, 
through the line relay of connector C1 (cor 
responding to relay 307 of connector C), 
trunk conductor 934, wiper 883, armatures 
880, 875, and 867, upper right-hand winding 
of repeating coil R., armature 842, to ground. 
Relay 807 remains operated now over the 
above traced loop circuit. Relay 808 does 
not operate at this time due to the resistance 
of the loop circuit. It will be noted that the 

two right-hand windings of repeating coil R 
are connected by way of armature 854 and 
condenser 893. . 
The subscriber now dials the last two digits 

of the called number and relays 101 and 802 
respond as in the previous instance. Relay 
802 interrupts the control loop extending to 
connector C1 at armature 889 and completes 
the holding circuit for relay 807 during im 
pulsing as previously explanied. Connector 
C1 responds to the two digits in the same 
manner as explained for connector C and 
advances wipers 356-358 into engagement 
with the contacts of the called line, for ex 
ample, the line comprising conductors 2',3', 
and 20. Relay 810 again operates during 
opens a connection between the right-hand 
winding of the repeating coil R. 

If the called line is busy, wiper 357' en 
counters a grounded contact and the busy 
relay of the connector will operate to open 
the control loop and to connect the busy tone 
to the trunk. When the control loop is opened, relay 807 deenergizes and at arma 
ture 851 closes a circuit for relay 804. Relay. 
804 operates and at armature 843 locks it 
self to the local holding conductor. The 
windings of relays 802 and 805 are now dis 
connected from the control loop extending 
from selector SR, and relays 806 and 809 are 
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connected, respectively, to the trunk conduc 
tors 173 and 175. Relay. 806 now operates 
in series with the lower windings of relays 
103 and 102 of selector SR, but due to the very 
high resistance of relay 806, relay 103 re 
tracts its armatures. Relay 806 also closes a 
holding circuit for impulsing relay 802, from 
ground, armature 849, lower winding of relay 
802, to battery. The busy tone from the con 
nector is now induced on the trunk line by 
way of the repeating coil R, and is audible to 
the calling subscriber who is thus informed 
that the calling line is engaged. The calling 
subscriber is expected to hang up and re 
lease the connection. 
In case the line connected with is idle, con 

nector C1 switches through in the usual way, 
and cut-off relay 4' of line switch LS1 asso 
ciated with the called line operates, discon 
necting battery and ground from the line. 

00 

105 

0. 

The connector switches through and opens 
the control loop as previously explained in 
the operation of connector C. Relay 807 re 
leases and relay 804 operates exactly as de 
scribed for a call to a busy line. 

20 
The release 

of relay 103 and selector SR initiates the 
switch-over operation in that selector as pre 
viously described, that is the switch is 
changed over from operating to talking con 
dition by the release of relay 106. The con 
nector signals the called subscriber in the 
usual way by transmitting ringing current 
over the line conductors. When the called 
subscriber answers, the connector cuts off the 
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ring, and extends the control loop through 
to the called sub-station as in the previous con 
nection. Relay 807 now operates over the 
called line loop, a circuit extending from bat 
tery, lower windings of relays 808 and 807 
in series, armatures 889, 872, and 844, lower light-hand winding of repeating coil R., arma 
tures 879 and 882, wiper 886, trunk conductor 
932, upper talking conductor and connector 
C1, wiper 356”, line conductor 2', through the 
transmitter and receiver at the called sub 
station T3, line conductor 3, wiper 358, 
lower talking conductor of connector C1, 
trunk conductor 934, wiper 883, armatures 
880, 875, and 867, upper right-hand winding 
of repeating coil R. armatures 868 and 893, 
through the upper windings of relays 807 and 
808 in series, to ground. Relay 807 upon 
operating, disconnects relay 809 from trunk 
conductor 175 and connects battery to that 
conductor by way of armature 850 and re 
sistance 823. Relay 807 also short circuits 
the high resistance winding of relay 806 
by actuating its armature 851. Relay 806 
remains operated over its low resistance 
upper winding, and relay 103 of selector SR 
operates also. Relay 103 prepares the meter 
ing circuit previously described and supplies 
talking current to the loop extending between 
the two selectors. - 
The two subscribers may now converse, 

talking battery for the calling subscriberbe ing supplied through the windings of relays 
101 and 102, and talking battery for the 
called subscriber being fed through the wind 
ings of relays 807 and 808. 
At the end of the conversation, the calling 

and called subscribers hang up their receiv 
ers. When the called subscriber hangs up, 
the operating circuit of relay 807 is opened 
and that relay restores. The short is removed 
from the lower winding of relay 806 and re 
lay 103 of selector SR restores. When the 
calling subscriber hangs up the receiver, re 

5 lay 101 restores followed by relays 108,109, 
110, and 106 as in a local connection. Relay 
109 closes the metering circuit in the usual 
way, relay 107 provides the usual holding 
ground to prevent the release of line switch 
LS until the metering operation has taken 
place, and subsequently to guard the selector 
from seizure until the wipers have been re 
stored to normal position. Relay 101 on re 
leasing opens the circuit of relay 806 which 
releases and opens the holding circuit of re 
lay. 802. Relay 802 releases followed by re 
lays 803,804, and 815. A circuit for the re 
lease magnet is now closed extending from 
ground, armature 838, off-normal contacts 
826, winding of release magnet 819, to bat 
tery. Release magnet 819 operates to restore 
the wipers to normal position and at contact 
831 opens the circuit of the rotary magnet 
which prevents that magnet from interfer 
ing with the release operation after relay 
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815 restores. When the wipers of the switch 
ISR1 reach the normal position, the release 
magnet circuit is opened at off-normal con 
tacts 826. Connector C1 and line switch LS1 
restore in the usual way following the open 
ing of the control loop at selector SR1. 
All of the switches involved in the connec 
tion have now returned to normal position, 
d are in readiness to respond to another call. 

Call from sub-station T3 to sub-station T4 
A local call in the “B” office, for example, 

a call from sub-station T3 to sub-station T4 
is completed in exactly the same manner as 
the previously described local call in the “A” 
office. When the receiver is lifted at sub 
station T3 line switch LS1 operates in the 
usual way to extend the connection to an 
idle selector such as the selector SR1. Selec 
tor SR1 is exactly the same as selector SR 
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(Fig. 1) except that the shaft springs are adjusted to operate when the wipers are 
raised to the third level which corresponds 
to the office digit in this case. The calling 
subscriber, therefore, dials the digit 3, and 
selector SR1 responds and then releases. 
The second digit, which may also be the digit 
3, again operates the selector to the third level 
of the bank, whereon the selector automati 
cally cuts in and hunts for an idle trunk. 
The trunk selected may be the one compris 
ing conductors 931-934 terminating in con 
nector C1. The connector C1 is identical with 
connector C (Fig. 3), as previously explained. 
Connector C1 responds to the last two digits 
of the called number and advances it wipers 
356-358 into engagement with the contacts 
of the called line, for example, the line com 
prising conductors 359-361'. The line 
switch associated with that line, functions 
8S PE, described for line switch LS1 
and connector C1 signals the called party in 
the usual way. The switching operation of 
selector S1 takes place when an idle or busy 
line is encountered, and this selector supplies 
talking battery to both subscribers. At the 
end of the conversation, the metering opera 
tion and release take place exactly as de 
scribed for selector SR, and connector C. 
Call from sub-station T to toll recording op 

erator 

When the calling subscriber at sub-station 
T lifts the receiver to initiate the call, line 
switch LS operates in the well known manner 
to extend the calling line to a selector, for 
example, the selector SR. In order that the 
code numbers dialled to call the operator may 
be the same throughout the system, a two 
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digit code, in this case the code number 40, . 
is assigned for this service. The subscriber 
now dials the digit 4 and selector SR re 
sponds exactly the same as for a local call, E. wipers being stepped to the fourth level 30 
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and then released. In response to the second 
digit, the wipers of the selector are stepped 
to the tenth level and the automatic cut-in and hunting operations take place as explained in 
previous connections. Assume that the trunk 
comprising conductors 170-172 is the first 
idle trunk encountered by the selector. The 
test circuit including the upper winding of 
relay 110 of selector SR now extends by way 
of wiper 161, trunk conductor 171, to the 
toll transmission selector, Fig. 5, armature 
528, through the winding of relay 501 to bat 
tery. Switching relay 110 of the selector and 
relay 501 of the toll transmission selector op 
erate in series over the test circuit. Relay 
50 disconnects transmission selector TTS 
from the trunk at armatures 527 and 522. 
Relay 110 upon operating switches the con 
trol loop through as previously described, 
and a circuit may be traced from battery, 
through the upper windings of relays 102 
and 103, armature 121, contacts controlled by 
armature 12, armature 155, wiper 160, trunk 
conductor 172, thence to the trunk relay 
group RCT (Fig. 4), contacts controlled by 
armature 418, lower right-hand winding of 
repeating coil R1 armature 408, through the 
winding of relay 403, to battery. The resist 
ance of relay 403 is very high and relay 103 
does not remain operated when connected in 
series with that relay. Relay 403, however, 
operates and closes a circuit for relay 404 at 
armature 410. Relay 404 operates, prepares 
a circuit for the lower winding of relay 405 
at armature 412, and at armature 411 connects 
ground to the line signal lamp L1 by way 
of armature 414. Relay 103 of selector SR 
releases and opens the circuit of relay 106, 
whereon the selector SR switches over from 
operating condition to talking condition in 
the same manner as when a callis extended to 
an idle local line. Lamp L1 lights to in 
form the operator that a call is awaiting at 
tention. 
On noting the lighted condition of lamp 

Li, the operator inserts the lug, of an 
answering cord AC into jack J. Battery on 
the sleeve of the answering plug by way of 
the sleeve of jack J, contacts controlled by 
armature 409, and armature 412, operates re 
lay 405 over its lower winding. Relay 405 
opens the circuit of lamp L1 at armature 414, 
and at armature 415 closes a locking circuit 
for its lower windingindependent of armature 
412. The resistance of relay 405 is such 
that the supervisory lamp S in the answering 
cord will not light in series therewith. The 
operator may now actuate the talking key K1 
of the answering cord circuit and converse 
with the calling subscriber. After ascertain 
ing the wants of the calling subscriber, the 
operator informs the subscriber that the call 
will be completed and that he will be called 
again at that time, at the same time request 
ing the subscriber to hang up. The operator 
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will then proceed to complete the toll call over 
the regular toll line and will eventually call 
back the subscriber by way of the toll trans 
mission selector as will be described in later 
paragraphs. 
When the calling party hangs up, selector 

SR and line switch LS release as in the pre 
vious case, except that since relay 103 of se 
lector SR was not reoperated when the oper 
ator answered the call, the metering relay 
109 was not operated and the release takes 
place without any registration of the meter 
at the calling line. Relay 101, of selector SR, 
opens the circuit over which relay 403 was 
held operated, and that relay restores. The 
circuit of relay 404 is opened, and that relay 
also restores. Groundby way of resistance 
419 and armature 412 is now connected 
to the sleeve of the trunk circuit in parallel 
with ground through the lower winding of 
relay 405 by way of armature 415. The 
value of resistance 419 is such that the super 
visory lamp S of the cord circuit will oper 
ate, but relay 405 is not shunted out, and con 
sequently maintains the circuit of lamp Li 
Open. The operator noting the lighted con 
dition of the supervisory lamp Swill with 
draw the plug P from the jack, thereby open 
ing the circuit of relay 405 which will re 
store. All equipment involved in the con 
nection is now returned to normal and is in 
readiness to receive another call. 
Call from sub-station T3 to the toll record 

ing operator 
The subscriber at sub-station T3 may also call the toll recording operator by dialling 

the code number 40. When the receiver is 
lifted at sub-station T3, line switch LS1 op 
erates in the well known manner to extend 
the calling line to a local selector such as the 
selector SR1. The subscriber then dials the 
first digit, that is the digit 4, and selector 
SR1 raises its wipers to the fourth level and 
automatically hunts for an idle trunk, for 
example, the trunk comprising the conduc 
tors 173, 174', and 175 extending to ex 
change “A” and terminating in selector ISR 
at that exchange. The switching relay of 
the selector operates in series with relay 907 
of alarm signal relay group ASR1, and 
switches through the control loop in the usu 
all manner. Relay 907 operates, completes a 
circuit for relay 906 at armature 926, a hold 
ing circuit for itself at armature 925, and at 
armature 927 connects ground to release 
trunk conductor 174' to operate relay 801 
of incoming selector ISR1 which is associ 
ated with the seize trunk in the 'B' office. 
Relay 801 operates and disconnects the se 
lector from the trunk at armatures 833 and 
835. The parallel battery connection through 
resistance 820 is of no utility in this instance 
but is required for those trunks which are 
not equipped for alarm signal extension. 
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As previously explained, the circuit of se 
lector SR1 is identical with that of selector 
SR. The control loop of the selector is now 
extended by way of wipers 160' and 162, 

5 trunk conductors 173 and 175 to incoming 
selector ISR (Fig. 6), thence by way of ar 
matures 621 and 623, contacts controlled by 
armature 635, off-normal contacts 615, 
through the upper winding of relay 604. 
The lower winding of relay 604, which is of 
very high resistance, is short circuited by the 
off-normal contact 615. Relay 604 operates 
over the above traced circuit and closes a 
circuit for the lower winding of impulsing 
relay 603 at armature 631. Relay 603 closes 
a circuit for relay 602 in series with vertical 
magnet 610 and relay 605. Relay 602 oper 
ates, disconnects cut-off relay 601 from re 
lease trunk conductor 174, prepares the im 
pulsing circuit at armature 626, grounds the 
common holding conductor at armature 627, 
and opens a point in the release circuit at 
armature 628. Relay 603 also closes a cir 
cuit from battery, through the upper wind 
ings of relays 608 and 607 in series, armature 
629, contacts controlled by armature 640, 
through the lower winding of relay 606 to 
round. Relays 607 and 606 now operate, 
ut relay 608 does not due to the resistance 

in the circuit. Relay 606 locks itself to 
ground by way of its upper winding and ar 
matures 650 and 637. At armature 635 it 
connects the upper winding of relay 603 in 
the control loop in place of the upper wind 
ing of relay 604. Relay 604 now releases and 
opens the original'energizing circuit of relay 
603 at armature 631. Relay 603, however, 
is now held operated over the control loop. 
The subscriber now dials the second digit, 

that is the digit 0, and the line relay of the 
selector SR1 responds the usual way and in 
terrupts the control loop ten times. Impuls 
ing relay 603 which is controlled over this 
loop, responds to the impulses and transmits 
current impulses to the vertical magnet over 
a circuit extending from ground, armature 
626, contacts controlled by armature 630, 
armature 643, vertical magnet 610 to battery. 
Relay 605 operates in parallel with the verti 
cal magnet, and due to its slow releasing 
characteristic remains operated throughout 
the series of impulses. The wipers of the 
selector are advanced ten steps to the tenth 
level of bank contacts. Shortly after the 

65 last impulse of the series, relay 605 restores 
and closes a circuit from ground by way of 
armature 627, armature 632, off-normal con 
tacts 616 which closed on the first vertidal 
step of the wipers, armature 642, interrupter 
contacts 645, through the winding of rotary 
magnet 611 to battery. Magnet 611 responds 
and steps the wipers in on the first set of 
bank contacts and opens its own circuit at 
contacts 645. The hunting operation then 
takes place exactly as described in previous 
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connections, magnet 611 alternately operat 
ing and releasing and advancing the wipers 
until an idle trunk is connected with. As 
suming that the first idle trunk is the one 
comprising conductors. 170-172, when the 
wipers engage the contacts associated with 

o 

this trunk, a circuit is closed from battery 
through resistance 519 and armature 533, 
and in parallel therewith from battery, relay 
501, armature 528, trunk conductor 171, wiper 
647, armature 639, upper winding of relay 
609 to ground at armature 627. Switching 
relay 609 operates and switches through the 
control loop of selector ISR in the usual 
manner. Cut-off relay 501 of toll trans 
mission selector TTS also operates and dis 
connects that switch from the trunk. The 
purpose of the battery feed through resist 
ance 519 in this instance is to insure the quick 
operation of relay 609 as was previously ex 
plained. Relay 609 switches through the 
control loop at armatures 640 and 644, at 
armature 641 short circuits its upper wind 
ing, closes a locking circuit for itself in series 
with the rotary magnet at armature 642, and 
at armature 643 it opens the point of the 
circuit of vertical magnet 610. The control 
loop in selector ISR is similar to that of pre 
viously described selectors. In this case, 
since the call is to an operator's position, a 
circuit extends from battery, upper wind 
ings of relays 608 and 607 in series, armatures 
629 and 640, wiper 646, conductor 172, thence 
to trunk relay group RCT (Fig. 4), contacts 
controlled by armature 418, lower right 
hand winding of repeating coil R1, armature 
408, through the winding of relay 403 to 
ground. Relay 403 operates as previously 
described on a call from sub-station T2 and 
signals the operator. Due to the high re 
sistance of relay 403, relay 607 retracts its 
armatures and opens the holding circuit of 
relay 606, which also restores. Relay 606 by 
retracting its armature 635 now connects the 
high and low resistance winding of relay 604 
in series across the control loop. Relay 604 
operates and closes the holding circuit for 
relay 603 at armature 631. Due to the high 
resistance of the two windings of relay 604, 
the switch-over relay and battery feel relay 
of selector SR1 restore and switch oyer that 
selector from operating position to talking position. 
The operator answers the call as described 

in the previous connection, and determines 
the wants of the calling subscriber. Since 
the answering of the call does not cause the 
operation of battery feed relay 607 of selec 
tor ISR, the corresponding relay of the 
selector SR1 does not operate to prepare the 
metering circuit. When the calling sub 
scriber now hangs up, selector SR1 and line 
switch LS1 release in the usual way except 
that there is no metering operation. Relay 
907 of alarm signal relay group ASR1 and 
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cut-off relay 801 of selector ISR1 also re 
lease. When the holding loop of relay 604 
is opened that relay restores and opens the 
holding circuit of relay 603 which also re 

5 stores. The circuit of relay 602 is opened, 
that relay releases, removes ground from the 
local holding trunk to open the circuit of re 
lay 609, and closes a point in the circuit of 
release magnet 612. Release magnet 612 op 

i0 erates to restore the wipers to normal. The 
circuit of the magnet is opened at off-normal 
contacts 614 which open when the wipers 
reach normal position. At the toll board, 
relay 403 drops back and opens the circuit 
of reay 404 which also drops back and closes 
the previously described supervisory circuit 
to give the operator “disconnect” supervision 
The operator then withdraws the plug of 
the answering cord from the jack and all 

20 apparatus is returned to normal condition. 
Call from sub-station T3 to sub-station, Te 
A subscriber at sub-station T3 in office “B” 

when calling a subscriber at sub-station T2 
ses in office “A”, dials the first two digits and 

operates selectors SR1 and ISR in exactly. 
the same manner as on a call to the toll re 
cording operator. It will be recalled that 
the directory number of sub-station T2 is the 
number 4422. Selector ISR is, therefore, 
operated to the fourth level where the hunt. 
ing operation takes place and an idle trunk, 
for example, the trunk comprising conduc 
tors 163-166, is connected with in the usual 
way. It will also be recalled that the opera 
tion of the switching relay 609 of selector SR 
connected through the control loop of that 
selector, the circuit of which may betraced 
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from battery through the upper windings of 
40 relays 608 and 607 in series, armatures 629 

and 640, wiper 646, conductor 166, armatures 
321 and 341, contacts controlled by armature 
348, upper winding of relay 306, winding of 
relay 307, armature 326, conductor 164, wiper 

45648, armature 644, lower winding of relays 
607 and 608 in series, to ground. Line relay 
307 of connector Coperates as in theprevious 
ly described local connection, and prepares 
the impulsing circuit. The subscriber at the 
calling sub-station now dials the last two 
digits of the number. The line relay of se 
lector SR1 interrupts the control loop ex 
tending to selector ISR and impulse relay 
603 of that selector responds. The control 
loop extending from selector ISR to con 
nector C is likewise interrupted at armature 
629 and the line relay of this connector re 
sponds to transmit impulses to the stepping 
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magnets of the switch. As relay 603 drops 
60 back in response to each impulse, a holding 

circuit is closed which may be traced from 
ground, resistance 617, armature 624, con 
tacts controlled by armature 629, through 
the upper windings of relays 607 and 608 to 

65 battery. This circuit maintains relay 607 in 

operated position and relay 607 in turn main 
tains the holding circuit for switch-over re 
lay 606. The wipers of connector C are ad 
vanced in the engagement with the contacts 
of the called line. The control loop is 
opened when the connector engages the line, 
whether or not the line is idle, and the cir 
cuit of relay 607 is opened. Relay 60 re 
stores and opens the circuit of relay 606 
which also restores and switches over the se 
lector ISR from operating to talking posi 
tion. It will be recalled that the release of 
relay 606 connected the two windings of re 
lay 604 in series across the control trunk ex 
tending from selector SR1, and that the bat 
tery feed and switch-over relays of that se 
lector deenergized due to the increased re 
sistance of the loop. The selector SR1, there 
fore, switches over from operating to talking 
position. If the called line is busy, the con 
nector returns the busy tone to the calling 
subscriber in the usual way, and the sub 
scriber is expected to hang up and release the 
switches. If the called line is idle, the con 
nector signals in the usual way and extends 
the control loop from selector ISR to the 
called sub-station. When the called sub 
scriber answers, an operating loop is closed 
for relay 607 and that relay responds and 
short circuits the high resistance lower wind 
ing of relay 604 at armature 636. The in 
creased current flow through relay 604 now 
permits the battery feed relay (correspond 
ing to relay 103 of selector SR) of selector 
SR1 to operate and initiate the operation of 
metering relay of the selector. Talking bat 
tery is fed to the calling subscriber and to the 
interoffice trunk by selector SR1 in the same 
manner as the previously described selector 
SR furnished talking battery to a calling and 
called subscriber. Talking battery for the 
called party is supplied through relay 60 of 
incoming selector ISR. 
When the calling and called subscribers 

hang up their receivers, the switches involved 
in the connection all restore to normal as has 
been previously described, the local selector SR1 transmitting a metering impulse to the 
calling line before the line switch is per 
mitted to restore. 

Toll call to sub-station, Te 
All toll calls in systems of the type shown 

herein are set up by a toll operator over a toll 
switch train including for example, the toll 

15 

70 

80 

85 

90 

95 

00 

05 

0 

5 

20 

trunk extending from trunk relay group 
RCT to a toll transmission selector such as 
the selector TTS (Fig. 5) together with 
combination toll and local switches in the 
automatic exchanges. By way of illustra 
tion, a call from the operator's position, by 
way of the above mentioned toll trunk and 
toll transmission selector, to a subscriber at 
sub-station T2 (Fig. 3) will be described. 
The operator on receiving a call over a toll 
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line, or after having completed such a call ove a toll line, wifi connect that toll line 
with the trunk selected, such as the trunk 
comprising conductors 170 and 172, by means 
of the usual cord circuit (not shown) and 
jack J of the trunk relay group. The oper 
ator will then insert the plug P1 of a dialling 
board, such as the cord DC, into jack J1 as 
sociated with the trunk. On inserting plug 
P1 in the jack J1, relay 406 will operate from 
ground on the sleeve of the plugby way of 
the sleeve of jack J1. Relay 406 when op 
erated at armatures 416 and 418, disconnects 
the trunk conductors from the relay group 
and extends them by way of the jack and 
plug through the loop including the calling 
device of the dialling cord DC. At arma 
ture 417, relay 406 closes a circuit for the 
upper winding of relay 402 and that relay op 
erates and locks to battery on the sleeve of 
the regular toll cord, which is assumed to be 
now connected to the trunk by way of jack J. 
Impulse relay 503 of toll transmission se 

lector TTS now operates over a circuit from 
battery, lower winding of relay 503, contacts 
controlled by armature 547, lower left-hand 
winding of repeating coil R2, armature 522, 
trunk conductor 170, armature 416, tip of 
jack J1, tip of plug P1, through the normally 
closed upper right-hand contacts of key K2, 
impedance 431, normally closed lower left 
and right hand contacts of key K2, through 
the impulse contacts of the calling device CD, 
ring plug P1, ring of jack J1, armature 
418, trunk conductor 172, armature 52, up 
per left-hand winding of repeating coil R2, 
normally closed contacts controlled by arma 
ture 542, through the upper winding of relay 
503 to ground. Relay 503 on operating closes 
a circuit from ground, armature 534, wind 
ing of relay 502, thence in two parallel cir 
cuits, through the windings of relay 509 to 
battery, and, by way of armature 577, 
through the winding of vertical magnet 516 
to battery. Relay 503 also closes a circuit 
from battery, lower winding of relay 511. 
armatures 535, 554, and 546, lower right-hand 
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winding of repeating coil R2, contacts con 
trolled by armature 578 to ground. Relay 
502 operates over the above traced circuit, but 
due to the relatively high resistance of this 
relay, magnet 516 and relay 509 do not op 
erate. Relay 502 when operated disconnects 
cut-off relay 501 from test conductor 171 at 
armature 528 to mark the trunk busy to se 
lectors in the automatic exchange; connects 
ground to common holding conductor 585 at 
armature 529; prepares the impulsing cir 
cuit and its own holding circuit at armature 
530; prepares a holding circuit for relay 511 
at armature 531; and at armature 532, opens 
a point in the circuit of the release magnet. 
Relay 511 operates over the circuit aboye 
traced and at armature 556 opens a point in 
the circuit of switchover relay 508. 
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The operator will now 
the number of the called line. The selection 
of the trunk such as the one comprising con 
ductors 170 and 172, is equivalent to the selec 
tion of the exchange in which the subscriber 
is located, and it will, therefore, be necessary 
to dial only the last three digits of the sub 
scriber's directory number when the sub 
scriber is located in the exchange “A” as in 
the present instance. The directory number 
of sub-station T2 is assumed to be 4422, and 
the toll operator will, therefore, dial the 
digits 4-2-2. The operator now turns the 
calling device to the digit 4 and the off-nor 
mal springs of the calling devic close as the 
dial is turned off-normal to short circuit im 
pedance 431. As the calling device returns 
to normal, the previously traced operating 
circuit of relay 503 is interrupted four times 
at the impulse contacts. Relay 503 responds 
in the usual way by dropping back at each interruption of its circuit and reoperating 
as the circuit is closed. Each time relay 503 
drops back, a circuit is closed from ground, 
armature 530, contacts controlled by arma 
ture 534, through the windings of relay 509 
to battery, and in parallel therewith by way 
of armature 577, through the windings of 
vertical magnets 516 to battery. Magnet 
516 operates in response to each impulse and 
raises the wipers of the 'switch opposite the 
fourth level. Relay 509, which is slow acting 
due to its series connection with relay 502 
during the operated condition of relay 503, 
responds to the first impulses of the series 
and remains operated throughout the series. 
Relay 502 is short circuited each time relay 
503 drops back, and being slow to release, 
maintains its armature actuated throughout 
each series of impulses. As relay 503 re 
sponds to each impulse, a holding circuit for 
the lower winding of relay 511 is closed by 
way of contacts controlled by armature 535 
and armature 531. Relay 511, therefore, re 
mains in operated position during theim 
pulsing. Relay 509 on operating closes a 
circuit for relay 512 at armature 551, and at 
armature 552 opens a point in the circuit of 
rotary magnet. Relay 512 operates and locks 
to ground on common holding conductor 585 
by way of armatures 559 and 545, prepares 
the busy tone and discriminating test circuits 
at armatures 557 and 560, and at armature 
558 opens a point in the busy-cut-in circuit 
which will be explained subsequently. 

Shortly after the last impulse of the se 
ries, relay 509 restores and closes a circuit 
from ground on common holding conductor 
585, off-normal contacts 524, which closed on 
the first vertical step to wipers, interrupter 
contacts 536, armatures 552 and 576, inter 
rupter contacts 579, through the winding of 
magnet 517 to battery. Magnet 517 operates 
and steps the wipers in on the first set of 
contacts in the called level and opens its own 
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circuit at contacts 579. It is obvious that as 
long as ground is maintained on the conds torleading through interrupter contacts 59, 
magnet 517 will operate and restore to ad 
vance the wipers of the switch one step at a 
time. This condition obtains as long as the 
test wiper of the selector encounters abusy 
trunk. When an idle trunk is reached, for 
example, the trunk comprising conductors 
163- 166 terminating in connector C (Fig. 
3), a circuit, is completed from, battery re. sistance 312, lower winding of relay 302, and 
in parallel therewith, battery through resist 

20 

ance 313, off-normal contacts 315, normally 
closed armature 333, trunk conductor 65, 
test wiper 582, upper winding of relay 515 to 
ound on common holding conductor 585. 
elay 515 operates in series with relay 802. 
A non-inductive resistance 315 is connected 
in parallel with relay 302 to increase the cur 
rent flow in the above circuit and to insure 
the quick operation of relay 515. Relay 515 
opens the rotary circuit at armature 56 and 
connects its lower winding in series with the 
rotary magnet to hold the relay operated. 
Due to the resistance of the relay, however, 

30 

magnet 517 does not operate. In the same 
manner as in local connections, relay 515 
shunts at its upper winding at armature 575 
thereby placing direct ground on test conduct 
tor 165, opens the yertical magnet circuit, and 
short circuits the lower winding of relay 509 

3. S 
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at armature 577, and at armatures 574 and 578 it opens the original energizing circuit 
of relay 511, and closes the control loop in 
cluding the lower winding of relay 511 
through to the connectorsywitch by way of the 
two talking conductors of the trunk. In the 
connector, relay 302 operates and locks to 
ground on release trunk conductor 165, and 
also disconnects the non-inductive resistance 
313. Common holding conductor 320 is 
grounded at armature 330. A circuit for in 
pulsing relay 307 of connector Cmay now be 
traced from battery, lower winding of relay 
511, armatures 535,554, and 546, lower right 
hand winding of repeating coil R2, armature 
578, wiper 588, trunk conductor 164, arma 
ture 326, winding of relay 30, upper winding 
of relay 306, contacts controlle E. armature 
348, armatures 341, and 321, conductor 166, 
wiper 580, armatures 574 and 566, upper right-hand winding of repeating coil R2, to 
ground by way of armature 544. Relay 511. 
remains operated over the above circuit 
when its original energizing circuit is opened 
at contacts controlled by armature 578. Re 

C) 

lay 307 operates in series with relay 511, but 
relay 306 does not operate when its upper 
winding alone is energized. It may be noted, 
however, that current flow is now in the op 
posite direction to the current flow in the re 
lay when the switch was seized in a local con 
nection. The purpose of this will be made 
apparent in later paragraphs. Relay 807 

when operated prepares the impulsing circuit 
at armature 355. 
The operator now dials the next to the last 

digit, in this case the digit 2, and the circuit 
of relay 503 is interrupted as in the previous 
instance. Relay 503 responds and in turn 
opens the control loop over which relay80 
operated at armature 535, at the same time 
closing a temporary holding circuit for relay 
511. Relay 509 of the transmission selector 
again operates during the series of impulses 
and replaces the ground at armature 544 by 
ground at armature 553 to improve the im 
pulsing. Relay 30 responds to the inter 
ruptions produced in the control circuit by 
rely 503, and on dropping back for eachim 
pulse, closes a circuit from ground, arma 
ture 330, conductor 320, contacts controlled 
by armature 355, armatures 325,344, and 335, 
through the winding of vertical magnet, 308 
to battery. The vertical magnet responds to 
the impulses and raises the wipers of the 
switch two opposite the second level. 
Relay 304, which is connected in parallel with 
the vertical magnet, also operates and at 
armature 339 opens a point in the operating 
circuit of relay 303. Shortly after the last 
impulse of the series, relay 304 drops back 
and closes a circuit for relay 303 extending 
from ground on the common holding con 
ductor, armature 355 (relay 307 now remain 
ing operated), off-normal contacts 317 closed 
on the first vertical step of the wipers, arma 
tures. 343 and 339, through the winding of 
relay 303 to battery. Relay 303 operates, 
locks itself to ground on release trunk con 
ductor 165 at armature 333 and disconnects 
relay. 302, from the release trunk connects 
additional ground to common holding con 
ductor 320 at armature 334 by way of off 
normal contacts 316 which close on the first 
yertical step of the wipers; switches the 
impulsing circuit from the vertical to the ro 
tary magnet at armature 335; and prepares a 
locking circuit for relay 301 at armature 336. 
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Ground on the release trunk conductor which 
caused the operation of relay 303 now ex 
tends by way of resistance 314 through the 
lower winding of relay 306 to battery. As 
previously mentioned, relay 306 is a polarized 
relay and does not operate over either wind 
ing alone or when the PR and lower wind 
ings oppose each other. Aspreviously stated, 
winding of relay 306 is now such that the up 
per and lower windings assist each other and, 
consequently, the relay operates and short 
circuits resistance 314 at armature 351 to 
complete a locking circuit for its lower wind 
ing; opens the control loop extending from 
ground at armature 544 of the transmission 
selector and connects ground at the con 
nector to the battery side of the control loop 
at armature 348; closes a new locking circuit 
for relay 302 at armature 350; closes the ring 
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control circuit at armature 352; and at arma 
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ground on common holding conductor 585, 
ture 353 opens a point in the busy tone cir-2 off-normal contacts 524 closed on the first 
cuit. Relay 511 of transmission selector TTS 
and relay 30 of connector C are now held 
operated in series over trunk conductor 164. 
The operator now dials the final digit of 

the called number, again the digit 2, and re 
lay 503 responds as previously. The circuit 
of relay 307 is interrupted twice at armature 
535 and relay 307 responds as before. Relay 
511, however, remains operated over the hold 
ing circuit closed at contacts controlled by 
armature 535. Relay 30 now transmits two 
impulses, this time to the rotary magnet 309 
which was connected up by the operation of 
relay 303. Relay 304 again operates from the 
impulses, connects up busy test relay 305 at 
arnature 338, and closes an additional point 
in the impulsing circuit at armature 340, 
shunting armature 344 to prevent interfer 
ence from relay 305 should that relay momen 
tarily operate as the wipers pass over a busy 
contact. Magnet 309 responds in the usual 
way and steps the wipers 356-358 around 
to the contacts of the called line, in this case 
contacts associated with line comprising con 
ductors 359-361, terminating in sub-station 
2. 
The line may be idle, busy in a to con 

nection, or busy in a local connection. When 
an idle line is connected with, there will be 
no ground on the test contacts of the called 
line and relay 305 in connector C will not 
operate. Shortly after the last impulse of 
the final digit, relay 304 will restore and 
close a circuit from ground on common hold 
ing conductor 320, armature 355, off-normal 
contacts 317, armature 343, upper winding of 
relay 301, armatures 345, 354, and 338, test 
wiper 357, trunk conductor 360, thence 
through the cut-off relay of the associatedline 
switch to battery. The cut-off relay (cor 
responding to relay 4 of line switch LS) and 
relay 301 operate in series over the above cir 
cuit. Relay 301 connects the talking con 
ductors through at armatures 320 and 327 
to prepare the ringing circuit, prepares the 
ring-back tone circuit at armature 321, con 
nects ground through resistance 311 to the 
test wiper by way of armature 322 to mark 
the E. line toll busy for purposes to be 
explained hereinafter, connects its lower 
winding in series with vertical magnet. 308 
at armature 324, prepares a locking circuit 
for relay 302 at armature 325 which will be 
effective later, and opens the control circuit 
over which relays 511 and 307 were held up 
at armature 326. Relay 307 restores, opens 
a point in the test circuit at armature 354 
and closes another point in the holding cir 
cuit for relay 302 at contacts controlled by 
armature 355. Returning now to toll trans 
mission selector TTS, relay 511 restores, 
opens a point in the circuit of relay 505 at 

yertical step of the wipers, interrupter con 
tacts 586 armatures 552 and 556, contacts 
controlled by arnature 545, winding of relay 508to battery. Relay 508 operates and locks 
itself to ground on conductor 585 at armature 
545; disconnects busy test relay 514 from 
Wiper 581 at armature 541; connects balanced 
relay, 504 in series with the two windings of impulse relay, 508 by way of the reversing 
contacts of relay 505 at armatures 542 and 
54; opens the holding circuit of relay 512 
which now restores, having no function to 
perform at this time; connects alternating 
gurrent relay 506 in bridge across the incom. 
ing trunk conductors in series with condenser 
584; disconnects ground from the upper talk 
ing conductor at armature 544, thereby re moving the shunt from the upper winding 
of relay 511; closes an additional circuit for 
the lower winding of relay 511, this time by 
way of armatures 572 and 546 instead of b 
Way of arnature 554; and opens a point in 
the busy tone circuit of armature 548. Relay 
508 remains operated over the loop from the 
operator's position, but relay 504 does not 
operate as its two windings are arranged to 
oppose each other. 
The operator receiving no busy tone will 

now withdraw the plug of dial cord DC from 
jack Ji and E. 406 will restore and again 
connect the trunk conductors through to the 
trunk relay group RCT. Relay 402 is now 
held operated over its lower winding and the 
sleeve of jack J and the plug of the answer 
ing or toll cord AC. The loop for holding 
relay 503 now extends by way of contacts 
controlled by armature 416, upper right-hand 
winding of repeating coil Ri, through the 
winding of polarized relay 401, armature 408, 
lower right-hand winding of repeating coil 
R1 and contacts controlled by armature 418. 
The direction of current flow in the operator's 
loop is in such direction that relay 401 oper 
ates and at armature 407, closes a circuit for 
lamp H. Lamp L. lights and gives the op 
erator “line seizure' supervision. 
When the operator desirestoring the called 

SubSeriber, a momentary operation of the 
ringing key K of the toll cord circuit, con 
nects alternating current to the talking con 
ductors and through the left-hand windings 
of repeating coil R1. This current is induced 
in the right-hand windings of the repeating 
coil and is transmitted over the trunk conduc 
tors to relay 506 of toll transmission selec 
tor TTS which responds. Relay 504 which is 
now connected in series with relay 503 across 
the trunk has a relatively high impedance and 
prevents the ringing current on the trunk 
from interfering with the operation of re 
lay 503. Relay 506 on operating, closes a 
circuit for relay 50 at armature 540. Re 
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ture 587 by way of wiper 581, trunk conduc 
tor 163, armatures 352 and 346, through re 
sistance 312 to battery, thus shanting relay 
302 which restores. Relay 302 now com 
pletes the ringing circuit at armatures 328 
and 332 and opens its own locking circuit 
at armature 331. Ringing current is now 
sent out over the called line in exactly the 
same manner as on local calis and the bell 
at the called sub-station T2 is operated. 
Ring-back tone is given to the opérator 
through condenser 319 which is connected 
to the upper talking conductor by way of 
armature 321. When the called subscriber 
answers, a direct current circuit is closed 
over which relay 302 operates in the usual 
way and again closes its own locking circuit 
at armature 331, and opens the ringing cir 
cuit at armatures 328 and 332, at the same 
time closing the talking circuit at the latter 
two armatures. In the transmission selector 
relay 511 now operates over a circuit, extend 
ing from battery, lower winding of relay 
511, armatures 535, 572, and 546, lower right 
hand winding of repeating coil R2, armature 
578, wiper 583, trunk conductor 164, arma 
tures 332 and 327, wiper 358, line conductor 
361, through the loop at the sub-station T2, 
line conductor 359, wiper 356, armatures 320 
and 328, trunk conductor 166, wiper 580, ar 
matures 574 and 566, upper right-hand wind 
ing of repeating coil R2, armatures 569 and 
588, through the upper winding of relay 511 
to ground. The two right-hand windings 
of repeating coil R2 are now connected to 
gether by way of armature 549 and condenser 
590 to provide a talking path. Relay 511 
supplies the talking battery to the called 
subscriber. Relay 511 on operating closes 
a circuit, which may be traced from ground 
on common holding conductor 585, off-nor 
mal contacts 524, armatures 555 and 543, 
through the winding of relay 505 to battery. 
Relay 505 operates and by means of the usual 
reversing arrangement, reverses the flow of 
current over the conductors of the trunk ex 
tending to the operator's position. The di 
rection of current flow in relay 401 is such 
that that relay now restores and opens the 
circuit of lamp IL which ceases to burn and 
thus gives the operator the usual “answer' 
supervision. 
When the conversation is finished, the sub 

scriber at sub-station T2 replaces his receiver 
and opens the loop over which relay 511 is 
held operated and that relay restores and 
opens the circuit of relay 505. Relay 505 
restores and reverses the direction of current 
flow back to normal and relay 401 of the 
trunk relay group RCT again operates and 
closes the circuit of lamp L. Lamp L now 
lights to inform the operator that a called 
subscriber has hung-up, that is, to give the 
“disconnect” supervision. The operator now 
withdraws the plug of the toll cord from the 
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jack, and relay 402 restores and opens the 
circuit of relay 503. Relay 503 restores and 
opens the circuit of relay 502 which also 
restores and removes ground from common 
holding conductor 585. Relays 508 and 515 
now restore and the circuit to the connector 
is opened. Relay 502 closes a circuit for the 
release magnet extending from ground by 
way of armature 532, off-normal contacts 
523, through release magnet 518 to battery. 
The release magnet operates and restores the 

0. 

switch wipers to normal in the usual way. 
In connector C, the removal of ground from 
the common holding conductor of the toll 
transmission selector opens the circuit of re 
lay 303 and that relay restores and opens the 
circuit of relay 301 which also restores. Re 
lay 301 now opens the holding circuit of 
relay 302 which restores as does relay 306. 
A circuit is closed from ground by way of 
off-normal contacts 316, armatures 334 and 
329, through the winding of release magnet 
310 to battery. The release magnet operates 
and restores the wipers of the connector to 
normal in the usual way. All the apparatus 
involved in the connection has now returned 
to normal idle position and is in readiness 
to receive another call. 
When a toll call, such as has just been de 

scribed, is extended to a line which is busy 
in a local connection, the sequence of opera 
tions is somewhat different than in the just 
described instance. The busy line may be 
engaged in either an outgoing or incoming 
call, that is, may be the line from which a 
local call originates or the line to which some 
other local subscriber has extended a con 
nection. In either case, there will be a direct 
ground connected to the test contact of the 
line, in the first instance the ground coming 
from the local first selector repeater, such 
as the selector SR of Fig. 1, and in the lat 
ter instance, from a connector such as the 
connector C of Fig. 3. 

it will be recalled that during the opera 
tion of toll transmission selector TTS, relay 
512 operated and locked following the first 
series of impulses dialled by the operator, and 
that relay 511 was held up over its lower 
winding in series with line relay 30 and re 
lay 306 of connector C by ground at arma 
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ture 348 at the connector after the first se 
res of impulses dialled into the connector. 
Now, when the wipers of connector C are 
stepped into engagement with the contacts 
of a busy line and before slow relay 304 re 
stores after the series of impulses, a circuit 
is closed for busy relav 805 to ground on the 
test contact of the called line. Relav 305 op 
erates, closes a point in its own locking cir 
cuit at armature 342, and closes a circuit 
which may be traced from battery, relay 514, 
resistance 521 armature 541, wiper 58, trunk 
conductor 163, to connector C, (relay 508 not 
having operated at this time) armatures 352 
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and 346, upper winding of relay 301, arma 
ture 343, off-normal contacts 317, armatures 
355 and 334 to ground at off-normal contacts 
316. Relay 514 operates over the above cir 
cuit; completes a locking circuit for itself 
by way of armatures 567 and 561, off-normal 
contacts 524, to ground on common holding 
conductor 585; closes a discriminating test 
circuit at armature 566; prepares a circuit 
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suffice, and the circuit of relay 503 is inter-i 
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for relay 510 at armature 570; opens the orig 
inal energizing circuit of relay 512 at arma 
ture 571; opens a point in the alternate hold 
ing circuit of relay 511 at armature 572; and 
closes a point in the busy tone circuit at ar 
mature 573. Relay 301 of the connector does 
not operate over this circuit, however, due 
to the value of resistance 521. When relay 
304 falls back shortly after the last impulse 
of the series, a circuit is closed from direct 
ground on the test contact of the called line, 
wiper 357, armatures 338, 354, 349, 341, and 
321, trunk conductor 166, wiper 580, arma 
tures 574, 566, and 557, through resistance 
589, to battery. Relay 512 is shunted by the 
ground over the above traced circuit and re 
stores, opens its own locking circuit at arma 
ture 559, opens a point in the discriminating 
test circuit, and closes a point in the talking 
circuit at armature 557, closes a point in the 
circuit of relay 510 which will become ef 
fective at a later stage of the call, and dis 
connects the toll busy tone from the busy lead 
and substitutes the local busy tone at arma 
ture 560. The busy tone is impressed on the 
lower talking conductor by way of armatures 
573 and 548, through the lower windings of 
repeating coil R2, and is induced in opera 
tor's calling loop which extends through the 
left-hand windings of the repeating coil. 
This tone informs the operator that the con 
nection is temporarily prevented due to the 
called line being engaged in a local connec 
tion. It is unnecessary for the operator to 
know whether a line is calling or being called. 
The operation of cutting in on the busy line 
and of effecting a disconnection being the 
same in either case. 

Having been advised that the called line 
is locally busy, the toll operator will now 
dial a digit, for example the digit 1 will 

rupted in the usual way. Relay 503 on fall 
ing back closes a momentary circuit for re 
lay 509 which energizes and due to its slow 
releasing characteristics, maintains its arma 
tures, actuated for some time after the in 
pulse or series of impulses. Relay 509 on op 
erating connects relay 510 to test wiper 581 
by way of armatures 550,558, and 570, and the 
wiper as previously described is engaging 
the contacts associated with conductor 163 
which extends through the upper winding of 
relay 301 in the circuit previously traced for 
operating relay 514. Relays 510 and 30 
now operate in series. It should be noted 
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here, that resistance 521 is connected between 
the above traced cut-in circuit and the lock 
ing ground for relay 514. This resistance 
prevents the ground at the toll transmission 
Selector from shunting relay 301. Relay 510 
on operating opens the holding circuit of 
relays 511 and 307 at armature 554, the alter 
nate circuit of relay 511 having previously 
been opened at armature 572. In connector 
C relay 301 on operating closes points in the 
talking circuit at armatures 320 and 327, con 
nects ground to the test wiper by way of re 

O 

sistance 311 at armature 322 to mark the 
line toll busy, opens the locking circuit of 
relay 305 at armature 323, locks its lower 
winding in series with vertical magnet 308 
at armature 324, and at armatures 326 and 
321, disconnects relay 307 from the operat 
ing circuit. Returning to the transmission 
selector, relay 511 on releasing closes the cir 
cuit of relay 508 at armature 556. Relay 
508 operates and switches over the transmis 
sion selector from operating position to talk 
ing position as previously described for a 
call to an idle line. In the connector relay 
307 restores and disconnects wiper-357 from 
the upper talking conductor at armature 354. 
Busy relay 305 restores, opens a point in its 
own locking circuit at armature 342, and 
closes a point in the ring-control circuit at 
armature 346. 
The operator may now talk with the sub 

scribers using the wanted line. Talking bat 
tery is supplied to the busy line by a selector 
such as selector SR whether the line is call 
ing or being called, and it is not necessary 
to supply battery from transmission selector 
TTS. The talking loop from the transmis 
sion selector is in effect bridged across the 
talking conductors of the wanted line, the 
circuit extending from the upper contact of 
the line, wiper 356, armatures 320 and 328, 
trunk conductor 166, wiper 580, armatures 
574 and 566, upper right-hand winding of re 
peating coil R2, armature 549, condenser 590, lower right-hand winding of repeating coii 
R2, armature 578, wiper 583, conductor 164, 
armatures 332 and 327, wiper 358, to the 
lower terminal of the wanted line. Battery 
for that portion of the trunk extending from 
the operator's position to the toll transmis 
sion selector is fed through relays 503 and 
504 via the left-hand windings of repeating 
coil R2. The operator will inform the sub 
scribers that a toll call is waiting and re quest them to hang up. The operator wii 
also actuate the key K3 of the dialling cord 
DC (Fig. 4). When the subscribers hang 
up, the local switches are released in the 
regular way. If they do not hang up imme. . 
diately, the operation of the key K2 will au 
tomatically cause the switches engaged in 
the local connection to restore as will be ex plained. 
The operation of key K3 connects ground 
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to both sides of the trunk in parallel. y 
503 of the toll transmission selector holds up over its lower winding, and 504. being unbalanced by having its upper winding 
shunted by the ground on the upper talking 
conductor now operates. Relay 50 closes 
a circuit from ground, armatures 529 and 53, relay 50 to battery. Relay 50 oper 
ates, closes a circuit fron ground, arnatures 586 and 568, through the lower winding of 
two step relay 513 to battery. Relay 513 
is adjusted so that it actuates only its arma tures 562,563, and 564 when energized over 
the above traced circuit. A circuit may now 
be traced from ground, armatures 586 and 
568, thence in two parallel paths by way of 
armatures 563 and 565, arnatures 569 and 572, armature 546, right-handwindings of 
peating coil R2, armture 557, arture armatires 574 and 578, wipers 580 and 588, 
trunk conductors 164 and 166, armatures 
328 and 332, armatures 320 and 827, wipers 356 and 358, through the upper and lower 
contacts of the called line. . Referring back to the operation of selector 
SR in a local connection, it will be recalled that talking battery is supplied from thise 
ector to a calling line through relays 102 
and 101, and to a called line through re 

80 lays 102 and 103, and that furthermore, re lays 101 and 103 were operated during the 
taiking period and that balanced relay 102 
was unoperated. The direct ground connect 
ed to the two sides of the line as described above holds up the respective battery feed re 
lavs and at the same time shunts one winding 

the balanced relay (corresponding to relay 
102 of selector SR) and that relay operates. 
A release circuit is thereby closed at arma 
ture 124 and the local selector and the con 
nector engaged in the local connection are released as in the previously described local 
connection. - 
The operator maintains key K3 actuated 

45 for a short time and then allows the key to 
return to normal position which removes the 
ground from the two sides of the trunk. 
Relay 504 again restores to normal and opens 
the circuit of relay 507 which also restores and opens the original energizing circuit of 
relay 513. Relay 513 now operates in its 
second step over its two windings in series 
to ground on conductor 585 by way of arma 
turé 564; opens the locking circuit of relay 
514 at armature 561; and opens a point in the 
previously traced control loop at armature 
565. Relay 514 restores and closes a point in 
the usual talking circuit at armature 566, and 
connects up relay 511 to the control loop at 
armatures 572 and 569. In case the called 
subscriber has remained on the line, relay 
5ii will now operate over the called line loo 
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as previously described, and relay 505 will 
operate to give the operator"answered” su 

G5 pervision. From this point the call proceeds 

2. 

in exactly the same way as a call to an idle 
line as previously described. If the called 
party has hung up, relay 51 is not operated 
at this time, and when the dialling cord is 
disconnected, the operator receives the "line 
seizure' supervision, that is, lamp L. lights 
in the usual way. The operator may start the ringing by operating the ringing key of the 
toll cord whereupon the ringing relay of the 
connector falls back and automatically con 
nects ringing current to the called line. The 
call then proceeds as in the previous case. 

In the event that the called line is busy in 
a toll connection, a connector such as con 
nector C will bein engagement with the want 
ed line which will be marked busy by a 
ground on the test contact through a resist 
ance such as resistance 311 in conector C 
(Fig. 3). In the transmission selector, when 
the connection has been extended to a line 
and relay 514 has operated,the discriminating 
test circuit for relay 512 will complete as be 
fore. In this case, however, the value of the 
resistance (corresponding to resistance 311) 
is such, that relay 512 is not shunted and, 
therefore, does not release. Consequently, if 
the operator now dials to cut in, relay 510 
will not operate as its circuit is broken at 
armature 558. The operator receives a dis 
tinctive tone by way of the toll busy lead, 
armatures 560,573, and 548 and the lower 
right-hand winding of repeating coil R2, the 
tone being induced in the left-hand windings 
of the repeating coil through which the op 
erator's control loop circuit extends to the 00 
line relay of the transmission selector. 
The release of the connection when a busy 

line was called is brought about by the dis 
connection of the cord circuit at the toll 
board. Relay 503 restores and opens the cir 
cuit of relay 502 which restores. Relay 502 
closes the circuit of release magnet 518 at 
armature 532 and the magnet operates to re 
store the switch wipers to normal position. 
Relay 502 also removes ground from local 
holding conductor 585 permitting the release 
of relays 514, 512, and 515 and the toll trans 
mission selector is now in readiness to receive 
another call. The connector releases in the 
usual way when ground is removed from the 
holding conductor at the transmission se 
lector, 

If the wanted line were busy in a connec 
tion extended by a local subscriberin another 
exchange, an incoming selector, such as the 
selector ISR (Fig. 6) would be involved. In 
such connections this switch feeds talking 
battery to the called subscriber through re 
lays 608 and 607. Referring to the previous 
description of the operation of the switch, it 
will be noted that relay 607 is operated over 
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p the called subscriber's loop and that relay 
608, which is a balanced relay, is not oper 
ated. Switch-over relay 606 will also be nor 
mal since the relay is arranged to restore ' 
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upset and that relay operates. 

when the connection is extended to the line. 
Now, when ground is connected to the two 

talking conductors of the wanted line by the 
toll connector, the balance of relay 608 is 

A holding 
circuit is closed for relay 607 extending from 
ground, armature 637, contacts controlled by 
armature 650, armatures 651 and 629, through 
the upper windings of relays 607 and 608 
to battery. An additional holding circuit for 
relay 603 is closed at armature 638, and the 
release trunk extending over wiper 647 is 
opened at armature 639. This permits the 
release of the local connector involved in the 
connection which restores in the usual man 
ner and thus frees the wanted line. The 
equipment in the other exchange, however, 
remains operated and the calling subscriber 
is expected to hang up and release the con 
nection in the usual manner. 

Toll call to subscriberal sub-station TA 
In calling a subscriber such as the sub 

scriber at sub-station T4 in office “B”, the 
operator is required to dial the complete'di 
rectory number of the line. As in the pre 
viously described connection, it will be as 
sumed that the number of the wanted line 
is 3322. 
By way of example, the extension of a call 

over the trunk terminating in trunk relay 
group RCT and toll transmission selector 

, TTS will be described. The operator con 
nects up the regular toll cord and dialling 
cord as for a connection to a subscriber 
in the “A” office. The first digit of the called 
number, that is the digit 3, is then dialled. 
Toll transmission selector TTS responds to 
the first digit in the usual way, and the wip 
ers are advanced to the third level. Selector 
TTS then cuts in and selects an idle trunk 
in the usual way, for example the trunk com 
prising conductors 173-175, terminating in 
incoming selector ISR1 (Fig. 8). Switching 
relay 515 of selector TTS operates when this 
idle trunk is selected and connects up the 
control loop in the usual way. It should be 
noted, however, that the ring control circuit 
normally extending over wiper 581 is not 
connected up in this instance, and conse 
quently there is no circuit for busy test relay 
514. Cut-off relay 712 of the alarm signal 
relay group ASR (Fig. 7) and cut-off relay 
601 of incoming selector ISR (Fig. 6), oper 
ate exactly as described for local inter-office 
connections, the latter relay disconnecting 
the selector ISR from the trunk. 
The control loop from transmission selec 

tor TTS may now be traced from battery, 
lower winding of relay 511, armatures 535, 
554, and 546, lower right-hand winding of 
repeating coil R2, armature 578, wiper 583, 
trunk conductor 173, armature 835, lower 
left-hand winding of repeating coil R, con 
tacts controlled by armature 840, through the 

upper windings of relays 802 and relay 805, 
normally closed contacts controlled by arma 
ture 841, upper left-hand winding of repeat 
ing coil R, armature 833, trunk conductor 
175, wiper 580, armatures 574 and 566, up 
per right-hand winding of repeating coil R2 
to ground at armature 544. Relay 802 of 
incoming selector ISR1 operates over the 
above traced circuit, closes a circuit for relay 
303 at armature 888, and also closes a circuit 
from battery through the lower windings of 
relays 808 and 807, armatures 889, 891, and 844, lower right-hand winding of repeating 
coil R, normally closed contacts controlled by 
armature 879, through resistance 890 to 
ground Eelay 803 is connected in series 
with relay 810 and with the vertical magnet 
81 in the same manner as the release relay of 
previously described selectors. Relay '803 
operates but relay 810 and magnet 817 do 
not, due to the resistance of relay 803. Relay 
803 connects ground to the local holding cor 
ductor at armature 837, and at armature 838 
opens a point in the circuit. of the release 
magnet. Relay 80 operates, its only func 
tion at this time being to open a point in 
the circuit of relay 804 at armature 851. 
Ground connected to the holding conductor 
at armature 837 now extends through resist 
ance 822 and the lower winding of relay 805 
to battery. It will be noted E the upper 
winding of relay 805 is energized in series 
with impulse relay 802, and that the direc 
tion of current flow in the present instance 
is opposite to that in the winding of relay 
when the switch is seized for a local call. 
Relay 805 is adjusted so that it does not op 
erate over its upper winding alone, or over 
its lower winding alone, when energized in 
series with resistance 822, nor does it energize 

70 

85 

95 

OO 

05 

when the two windings oppose each other as 
is the case on local calls. However, as pre 
viously mentioned, the direction of current 
flow in the upper winding of relay 805 is the 
reverse of that on local calls, and consequent 
ly, the relay operates. Resistance 822 is 
short circuited at armature 894, thus locking 
the relay up over its lower winding to ground 
on the common holding conductor. Super 
visory circuits which will be described later 
on are prepared at armatures 846 and 847, and 
the circuit for relay 816 is closed at armature 
848. Relay 816 now operates and reverses 
the connection of the talking conductors of 
the Selector, with respect to wipers 883 and 
886 so that the current flow in the control 
loop extended to the local connector will be 
opposite to that obtaining in local connec 
tions. Relay 816 also prepares a circuit for 
relay 812 at armature 881. 
The operator now dials the second digit, 

also the digit 3, and relay 503 of the toll trans 
mission selector responds and opens the loop 
circuit to impulse relay 802 of incoming se 
lector ISR, in the usual way. Relay802 
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the called level, and 

1,901,008 
responds to the interruptions, deenergizing 
and reenergizing three times. Each time 
relay 802 drops back, relay 803 is short cir 
cuited at contacts controlled by armature 
888, and relay 810 and magnet 817 operate 
from the ground at armature 837. Magnet 
81 steps the wipers of the switch up to the 
third level. Slow acting relay 810 operates 
in response to the first impulse and remains 
operated throughout the series of impulses; 
opens a circuit connecting the two right-hand 
windings of repeating coil R at armature 854; 
closes a circuit for relay 812 at armature 857; 
and opens a point in the circuit of the rotary 
magnet at armature 858. Relay 812 operates 
and locks to ground on the common holding 
conductor by way of armatures 861 and 843. 
Shortly after the last impulse of the series, 
relay 810 deenergizes and closes a circuit 
from ground on the common holding con 
ductor, off-normal contacts 827 closed on the 
first vertical step of the wipers, interrupter 
contacts 831, armatures 858 and 877, inter 
rupter contacts 832, through the winding of 
rotary magnet 818 to battery, Magnet 818 
operates, steps the wipers of the switch into 
engagement with the 

orens its own circuit at 
interrupter contacts 832, Magnet 818 con 
tinues to operate, buzzer like, interrupting its 

set of contacts in 
p 

own circuit and advancing the wipers step. 
by step until the rotary circuit is opened by 
the operation of relay 815. When an idle 
trunk is found, for example the trunk com 
prising conductors 931-934, terminating.in 
connector C1, relay,815 operatesin series with 

302) of connector C1 
over release trunk conductor 933 of the trunk. 
Relay 815 on operating extends a control loop 

9 from the selector ISR1 to connector C1 by 
way of wipers 883 and 886 at armatures 875 
and 879. The original operating circuit of 
relay 807 is opened by the operation of arma 
ture 879 but the relay now is held up in series 
with the line relay of the seized connector. 
Relay 815 also shunts out its own upper 
winding, closes a locking circuit for its lower 
winding in series with rotary magnet 818, 
disconnects vertical magnet 817, and short 
circuits the lower winding of relay 810. 
A thorough understanding of the subse 

quent operation will be had by keeping in 
mind the fact that connector Ci is identical 
with connector C previously described, and 
that the operation of the connector in the in 
stant connection is exactly the same as the 
operation of connector Cas described for 8. 
toll call to sub-station T2. 
The above mentioned control loop of se: 

lector ISR1 extends from battery, lower 
windings of relays 808 and 807 in series 
armatures 889,891, and 844, lower right-hand 
winding of repeating coil R, armautres 879 
and 882, wiper 883, trunk conductor 934, up 
per winding of the tollswitching relay (306) 

advance 

23 

and winding of the impulse relay (307) of 
connector C1, trunk conductor 932, wiper 
886, armatures 880,875, and 867, upper right 
hand winding of repeating coil R to ground 
at armature 842. The impulsing ly of 
the connector operates, and relay 807 of the 
selector remains energized over the above 
traced circuit. The toll switch-over relay 
Sg) of connector C1 does not operate at 
t is time, however, since only its upper wind 
ing is energized. 

he operator now dials the thirddigit, that 
is the digit 2, and relay. 503 of toll transmis 
sion selector TTS and relay 802 of selector 
ISR1 respond in the usual way. The latter 
relay interrupts the control loop extending 
to connector C1 at armature 889, and theim 
pulse relay of the connector responds ac 
cordingly. The wipers of the connector are 

two steps, to the second level. 
Shortly after the last impulse of the series, 
the series relay (304) of connector C1 falls 
back and closes the circuit of the switch-over 
relay (303) which operates and locks to the 
release trunk conductor. The polarizing cir 

of the toll switch cuit of the lower winding of 
over relay (806) is also closed, and, since the 
current flow over the trunk is in the opposite 
direction to that obtaining in local calls from 
selector ISR1 due to the operated condition 
of relay 816, the two windings of the toll 
switch-over relay assist each other, and that 
relay operates to prepare the connector for 
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toll operation. In the selector, relay 810 
againoperates during impulsing but has no 
function to perform at this time. Relay 807 is locked up over a temporary holding circuit 
during impulsing as was the case when the 
selector was originally operated. 
The operator now dials the final digit of 

the called number, that is the digit 2, and 
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OS 

the impulses are repeated as in the previous 
digit to the impulse relay of connector C1. 
The wipers of the connector are now ad 
vanced into engagement with the contacts of O 
the called line. The connector tests in the 
usual way, and if the wanted line is idle, 
switching relay (301) operates to connect up 
the wipers and to disconnect the impulse re 
lay of the connector from the loop extending 5. 
from selector ISR1. The connector marks . 
the line as toll busy in the usual way. In se 
lector ISR1 relay 807 restores and closes a 
circuit for relay 804 at armature 851. Relay 
804 operates; prepares the ring control cir 
cuit at armature 839; disconnects ground 
from the upper talking conductor of the se 
lector at armature 842, thus removing the 
shunt from the upper winding of relay 807; 
disconnects impulse relay 802 of the selector 
from the control loop extended from selector 
TTS; connects the two windings of relay 806 
in series to trunk conductor 173 at armatures 
840 and 841; locks itself to ground on the 
common holding conductor at armature 843, 
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at the same time opening its own original en 
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ergizing circuit and a point in the temporary 
SE circuit of relay 807; closes an alter 
nate point in the control loop to connector C1 
by way of armatures 844 and 872 instead of 
by way of armature 891; and opens a point in 
the busy tone circuit at armature 845. Relay 
806 now operates in series with the lower 
winding of relay 511 of selector TTS and 
closes a holding circuit for the lower winding 
of impulsing relay 802 at armature 849. Re 
lay 802 is thus held up to prevent the release 
of the connection at this time. In the trans 
mission selector, relay 511 restores since the 
resistance of the two windings of relay 806 
reduces the current flow to a point where re 
lay 511 cannot maintain its armatures oper 
ated. Relay 511 closes a circuit for relay 
508 which operates aid locks, and switches 
over the toll transmission seiector from op 
erating condition to talking condition exact 
ly as it did on the toll call to a subscriber in 
the “A” office. The operator then discon 
nects the dial cord and is given the usual 
“line seizure'supervision. 
When the operator desires to signal the 

celled ine, the ringing key K of the toll cord 
is actuated and alternating current is in 
pressed on the trunk in the usual manner. 
Relay 506 responds and closes a circuit for 
relay 507. Relay 507 operates and closes a 
circuit from battery, resistance 520, arma 
tures 588 and 569, upper right-hand winding 
of repeating coil R2, armatures 566 and 54, 

5 wiper 580, trunk conductor 175, thence to in 
coming selector ISR1, to armature 888, up 
per left-hand winding of repeating coil R. 
armatures 841, 846, and 850, through the 
winding of relay 809 to ground. Relay 809 
operates and connects ground to the ring 
control conductor by way of armatures 853, 
870, and 339 and wiper 884. The ring cut 
off relay (302) of connector C1 is shunted 
and restores to complete the ringing circuit. 
The called line is now signalled in the usual 
way and the operator is given a ring back 
tone in the same manner as in the previously 
described to call. 
When the called subscriber answers, the 

ring cut-off relay of the connector C1 oper 
ates in the usual way to open the ringing 
circuit and to complete the talking circuit. 
Relay 807 of selector ISR1 operates over the 
called line loop, connects battery to trunk 
conductor 175 at armature 850, and short cir 
cuits the lower or high resistance winding 
of relay 806 at armature 851. Relay 511 at 
the toll transmission selector TTS now oper 
ates from the ground through the low re 
sistance winding of relay 806 of selector 
ISR1. Relay 511 closes the circuit of re 
lay 505, which operates and reverses the di 
rection of current flow over the operator's 
trunk to give the usual “answered' supervi 
sion. From this point the call proceeds ex 

3801,068 

actly the same as for a call to a subscriber 
in the 'A' office. 
When the operator receives the “discon 

nect' supervision, the plug of the toll cord 
is withdrawn from the jack and transmis 
sion selector TTS restores to normal as previ 
ously described. The circuit of relay 806 
of selector ISR1 is opened and that relay 
restores and opens the holding circuit of 
relay 802 which also restores. The circuit 
of release relay 803 is opened, and that relay 
restores and closes the circuit for the release 
magnet at armature 838. The release mag 
net operates and restores the wipers of the 
selector to normal position. The release of 
connector C1 is exactly the same as that of 
connector C which was previously described. 

If the wanted line had been busy in a local 
connection when the wipers of the connector 
were set on the contacts of the line, the se 
quence of operations would be as follows: 
Referring to the description, at the point, 
where the wipers have just been set on the 
contacts of the called line, the circuit of the 
busy relay (305) of the connector is closed 
and the busy relay operates and locks in the 
usual manner. The ring control lead is 
thereby connected to ground through the up 
per winding of the switching relay (301) at 
connector C1, and extends by way of trunk 
conductor 931 wiper 884, arnature 339, re 
sistance 825, through the winding of relay 
814 to battery. Relay 807 remains operated 
as in the previously described connection to 
a busy line. Relay 814 operates, but due to 
the value of resistance 825, the switching re 
lay of the connector does not operate. Re 
lay 814 on operating completes the discrimi 
nating test circuit at armature 867, prepares 
the toll break-down circuit and disconnects 
the battery feed relay 807 from the control 
loop at armatures 868 and 822, closes a point 
in the circuit of relay 811, at armature 869, 
closes a point in the circuit of relay 83 at 
armature 870, locks itself to ground on the 
common holding conductor at armature 871, 
this holding circuit not including resistance 
825, opens a point in the original energizing 
circuit of relay 812 at armature 873, and 
closes the busy tone circuit at armature 874. 
Now when the series relay (304) of connector 
C1 falls back shortly after the last impulse 
of the series, the test wiper of connector C1 
is connected by way of trunk conductor 932, 
wiper 886, armatures 880, 875, 867, and 859, 
through the resistance 887 to battery. Since 
the wanted line is busy in a local connection 
there will be a direct ground on the test con 
tact engaged by the test wiper, and this 
ground extending back over the above traced 
circuit will shunt relay 812 and cause that 
relay to release. Relay 812 upon restoring, 
opens a point in the discriminating test cir 
cuit at armature 859, opens its own holding 
circuit at armature 861, and connects up the 
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local busy tone circuit at armature 862. This 
tone is now transmitted to the operator who 
is thereby informed that the wanted line is 
busy, and that the call in which it is engaged 
is a local one. 
To cut in on the busy line, the operator 

now operates the calling device of the dial 
cord, interrupting the circuit of relay 502, 
which in turn interrupts the circuit of relay 
802. Relay 802 again falls back and short 
circuits the release relay 803, and relay 810 
operates as previously. Relay 810 when op 
erated, closes a circuit, which may be traced 
from battery through the winding of relay 
811, armatures 855,860, 869, and 839, wiper 
884, trunk conductor 93, and thence through 
the upper winding of the switching relay 
(301) of connector Ci to ground. Relay 811 
and switching relay of the connector operate 
in series over the above circuit. Resistance 
825 is connected at a point between the 
ground to which relay 815 is locked up and the ring control conductor, and is sufficiently 
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high to prevent this ground from shunting 
the switching relay. The switching relay 
completes the talking circuit at the connector 
in the usual way. Relay 811 on operating 
opens the holding circuit of relay 807 at arm 
ature 891, and at armature 893 opens a point 
in the circuit of the upper winding of that 
relay. Relay 80 restores and closes the cir 
cuit for switch-over relay 804. Relay 804 
operates and switches over from operating 
condition to talking condition as was previ 
ously described. In the transmission selec 
tor, relay 511 also restores as before, as it is 
now connected in series with the two wind 
ings of relay 806 and selector ISR1, and se 
lector TTS is switched over from operating 
condition to talking condition in the usual 
way. The operator may now talk with the 
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wanted subscriber over the toll connection 
which is bridged to the local connection as 
was explained for toll calls in the 'A' office. 
It should be noted that no battery is fed to 
the called line from selector ISR1 at this 
stage of the connection due to the operated 
condition of relay 814. 
The operator will advise the wanted sub 

scriber that a toll call is waiting and request 
that the local connection be released. If the 
subscribers hang up, the switches involved 
in the local connection will be released in the 
usual way. If they do not hang up, the 
switches will be released automatically. 
After informing the wanted subscriber that a toll call is waiting, the operator will actu 
ate key K3 of the dialling cord DC as be 
fore described, and connect ground to both 
sides of the trunk. Relay 504 of transmis 
sion selector TTS which was connected in 
series with relay 503 by the operation of 
switch-over relay 508 is unbalanced by the 
ground on the trunk conductors and operates 
to close a circuit for relay 507. Relay 507 op 

erates and closes a circuit froE battery, re 
sistance 520, armatures 588 and 569, tipper 
right-hand winding of repeating coil 82, 
armatures 566 and 574, wiper 580, trunk cone 
ductor 15, arnature 833, upper left-hand O 
winding of repeating coil R, amatures 84.1 
846, and 850, through the winding of relay 
809 to ground. Relay 809 operates and closes 
a circuit from ground, arnatures 853 and 
870, through the lower winding of relay 83 5 
to battery. Relay 813 which is a two step 
relay now operates in its first step, actuat 
ing arnatures 864 and 865 but not the other 
armatures. During the time that the key K2 
is held down, ground is connected to both 80 
talking conductors by way of anatures 853, 
80, and 864, hence in two parallel paths in 
cluding armatures 863, and 866, anatures 
868 and 82, a nature 844, right-hand wind 
ings of repeating coil R, a nature 86, arras 86 
atures 875 and 879, a natures 880 and 882, 
wipers 883 and 886, trunk conductors 932 and 
984, over the talking conductors and Wipers 
of connector C1 to the contacts of the Wanted 
line. The local switches engaged in the call 90 
are released in the manner previously de 
scribed for calls in the “A” office, since the 
balanced relay of the local selector core 
sponding to the relay 102 of selector SR, is 
operated, or in the case of a local interofice 95 
cali, the balanced relay corresponding to 
relay 808 of selector ISR1 is operated. 
When the operator allows key K2 to re 

turn to normal, ground is removed from the 
: trunk conductors and relay 504 restores to 100 
open the circuit of relay 507. Relay 507 re 
stores and disconnects battery from trunk 
conductor 15. 

Relay 809 restores and disconnects the 
ground from the operating winding of relay 106 
813. Relay 813 now operates in its second 
step over both windings in series to ground 
on the common holding conductor by way of 
armature 865. The break-down circuit is 
opened at armatures 863 and 866 and the cir- 110 
cuit of relay 814 is opened at armature 895. 
Relay 814 restores and again connects relay 
807 in bridge of the loop extending from 
selector ISR1 to the called line. A point in 
the talking circuit is closed at armature 867 115 
and the busy tone is disconnected from the 
trunk at armature 874. If the wanted party has not hung up, relay 807 will immediately 
operate over the called line loop, and com 
plete the usual supervisory circuit by con- 120 
necting battery through resistance 823 to 
trunk conductor 175, and by short circuiting 
the high resistance lower winding of relay 
806. If the called party has hung up, relay 
807 will not be operated immediately and the 125 
operator on disconnecting the dialling cord 
from the jack will receive the usual “con 
nected' supervision. In this case the op 
erator will start the ringing of the connector 
as in the previously described connection to 130 
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26 
an idle line. From this point on, the se 
quence of operations including supervision 
and release, is exactly the same as in the pre 
viously described connection. 
Had the wanted line been busy in a toll 

connection, the operation would be exactly 
the same as that described up to the point 
where the discriminating test conductor was 
connected to the upper terminal of relay 812. 
As the line is busy in the toll connection, the 
ground on the test contact of the called line 
is fed through a resistance (corresponding to 
resistance 311 on connector C) by the toll con 
nector involved in the connection. Relay 
812 is not shunted due to the value of the re 
sistance (311) and, therefore, remains op 
erated. The operator now receives the toll 
busy tone by way of armatures 862 and 874, 
and is thus informed that the line is in use 
for another toll call. Relay 807 will remain 
operated and consequently switching relays 
804 of selector ISR1 and 507 of transmis 
sion selector TTS are not operated. If the 
operator dials or rings over the trunk this 
will have no effect in the present stage of the 
call. Relay 810 of selector ISR1 will operate 
as in former instances, but relay 811 cannot 
operate as its circuit is open at armature 860. 
Ringing over the trunk will have no effect 
since relay 506 of transmission selector TTS 
has not been bridged across the trunk con 
ductors. To release the call, the operator 
withdraws the plug from the jack and the 
apparatus restores in a manner previously de 
scribed. 
The purpose of the resistance 824 and shaft 

controlled contacts 897 (shown in dotted line) 
is to adapt the selector ISR1 to operate as an 
intermediate selector on toll calls extended 
to a third automatic exchange. The shaft 
contacts operate when the selector is operated 
to an outgoing level and connect relay 811 
to the ring control lead. The trunk (not 
shown) will be similar in all respects to the 
trunk comprising conductors 173 and 175 
and the terminating switch will be the same 
as selectoriSR. Relay811 will then be con 
trolled by relay 809 and at armature 893 will 
connect battery via resistance 824 to the 
upper trunk conductor to initiate the forced 
release operation and control the ring start 
circuit of the terminating selector in the same 
manner as is done by relay 507 of transmis 
sion selector TTS. 

Alarm signal in office “A” 
It is common practice in automatic tele 

phone Yes to provide various alarm sig 
nals, either visible or audible, for various un 
standard conditions of the apparatus. An 
unstandard condition may be a blown fuse, 
the failure of a switch such as a selector or 
a connector to properly release, the failure 
of a ringing tone or busy tone machine, the 
failure of a charging generator, etc. Certain 
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of these unstandard conditions are far more 
serious than others due to the fact that a much 
larger amount of apparatus is rendered in 
operative or possibly the service of the entire 
exchange is affected. In unattended auto 
matic exchanges it is very desirable that these 
alarm signals be relayed to a point where 
there is someone in attendance, for example, 
the toll board or a manual exchange if there 
is such an exchange in the system. Special 
trunks may be provided for this purpose. 
However, when there is a relatively great dis 
tance between the exchanges, it is usually 
more economical to provide equipment for 
transmitting these alarm signals over the 
regular interoffice trunks. The manner in 
which this is done by means of the present in 
vention will be described in detail in the foll 
lowing paragraphs. 

Referring to Fig. 7, there is shown an 
alarm signal relay group ASR, which serves 
the double purpose of transmitting alarm 
signals in 'A' office to the toll operator, and 
of relaying alarm signals from the “B” office 
to the toll operator. By way of illustration, 
two of those alarm signals have been shown, 
the one designated “regular fuse' being one 
of the less important alarms, the other desig 
nated "emergency fuse' being one which re 
uires immediate attention. The regular 
se alarm consists of a number of alarmfuses 

such as fuse 768 connecting the regular ex 
change battery buss bar 766 with the various 
battery leads extending to individual pieces of 
apparatus. The alarm bar 767 is so placed 
that when a fuse blows there will be a con 
nection between the battery buss bar and the 
alarm bussbar. The emergency fuse ar 
rangement is similar to the regular fuse ar 
rangement and both are well known in the 
art. The fuse alarm lead extending to relay 
771 may also be common to a number of other 
fuse alarms or to alarms of other types if 
desired. 

Consider first the condition of fuse 768 
blowing from an over load or other case of 
trouble. A circuit is closed for relay 771 
and that relay operates and at armature 773 
disconnects battery from relay 705. Relay 
705 which is normally operated retracts its 
armatures, prepares a circuit for relay 706 
at armature 731, opens a point in the relay 
ing circuit at armature 732 to prevent inter 
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ference by an alarm signal from the exchange 
'B', prepares a locking circuit for relays 
702 and 703 at armature 733, and at arma 
ture 734 closes a circuit which may be traced 
from ground, upper winding of re'ay 703, 
armatures 723, 734, and 718, release trunk 
conductor 171, (Fig. 5) armature 528, 
through the winding of relay 501 to battery. 
Relays 703 and 501 operate over the above 
circuit. The latter relay disconnects the 
transmission selector TTS from the trunk. 
Relay 703 closes a circuit from battery 

120 

125 

30 
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through impedance 704, armatures 2 and 
717, trunk conductor 172, then to the trunk relay group RCT (Fig. 4), and by way of 
contacts controlled by armature 418, lower 5 right-handwinding of repeating coil R1, 
armature 408, through the winding of rela 
403 to ground. It will be recalled that a call 
to the operator was extended over the trunk 
in exactly the same manner, that is, by the 

0 connection of battery to trunk conductor 172. 
Relay 403 operates and completes the usual 
circuit for signalling the operator for an 
incoming call. Relay 703 also connects a dis 
tinctive tone to trunk conductor 12 by way 

15 of condenser 13, armatures 26, 2, and 
717; connects direct ground to the release 
trunk at armature 28 to hold up the cut-off 
relay 501 of transmission selector TTS; at 
armature 729 closes a locking circuit for 

20 its lower winding to ground at armature (33; 
and at armature 730, connects the upper wind 
ing of relay '702 to trunk conductor 170 by 
way of armature 22. o 
The operator on noting the callsignal will 

25 insert the plug of answering cord AC into 
jack J and operate the listening key of the 
cord circuit for the purpose of talking with 
the supposed calling subscriber. The tone 
impressed on the trunk, however, will inform 

80 the operator that the callis due to an alarm 
signal and the fact that it has come in over 
this particular trunk will indicate that the 
signalis in the “A” office. To clear the trunk, the operator will momentarily insert the plug 

35 of the dialling cord DC into jack Ji andmo 
mentarily operate relay 406. Relay 406 closes 
a circuit for relay 402 which operates and 
locks to the seeve of the answering cord. 
When the dialling cord is withdrawn from 

40 the jack, the trunk is extended to the relay 
group in the usual way, and a circuit may 
be traced from battery impedance 704, arma 
tures 727 and 717, trunk conductor 172, con 
tacts controlled by armature 418, lower right 

45 hand winding of repeating coil R1, armature 
408, through the winding of polarized relay 
401, upper right-hand winding of repeating 
coil R1, contacts controlled by armature 416 
trunk conductor 170, armatures 722 and 730, 
through the upper winding of relay 702 to 
ground. Relay 702 operates, opens the cir 
cuit of the two windings of the relay 703 at 
armatures 723 and 724, and at the latter arm 

sature completes a locking circuit for its own 
lower winding to ground at armature 733. 
Relay 501 of transmission selector TTS now 

50 

restores and again connects the selector to 
the trunk, and when the operator withdraws 

60 the plug of the answering cord from the jack, 
the trunk is made available for regular calls. 
Referring now to the signal relaygroup ASR, 
it is obvious that relay 702 will remain en 
ergized as long as relay 705 remains normal, 

65 that is, until such time as the alarm relay 

771 has been cleared, or until such time as 
the operator has cleared the alarm. 
The operator having been informed of an 

alarm signal from the 'A' office now extends 
a connection over the trunk in the usual way, 
by way of transmission selector TTS and a 
regular connector, such as the connector C 
(Fig. 8), to the special signal terminals ac 
cessible to that connector. These terminals 
may be reached by dialling a special num 
ber which is known only to the operator. 
When the wipers of the connector are set on 
this set of terminals, the switching relay of 
the connector operates from battery, through 
the winding of relay 706, armatures 731 and 
86, and test wiper 35 of the connector. The 
conductors 63 and 780 extend to contacts in 
the connector bank, the circles terminating 
these conductors in Figs. 7 and 3, designated 
respectively 69 and 770, indicate that the similarly designated conductors of the two 
figures are connected. The connector, there 
fore, switches over to talking position, and 
relay 706 of the alarm signal relay group op 
erates. This relay is made slow to operate 
in order to allow sufficient time for the 
switching relay of the connector to become 
fully energized. Relay 706 closes a locking 
circuit for itself in series with relay 705, and 
also disconnects itself from trunk conductor 
763. Relay 705 now energizes and releases 
the alarm signal relay group, including re 
lay 702. When alarm relay 771 is operated, 
a distinctive tone, designated tone #1, is 
connected to the lower talking conductor of 
the connector by way of armature 772, con 
ductor 80, and wiper 358. The operator is 
thus informed that the call, or rather the 
alarm signal, is due to some particular un 
standard condition. It is obvious that any 
number of different tones may be used by 
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providing a number of relays such as the re lay 771. 
. In case an EE, alarm signal comes in during the time that relays 705 and 706 are 
locked up...or when those relays are norma 

110 
l. 

relay 76 will operate in the usual way and 
open the circuit of relay 708. Relay 708 will 
close the same circuits which were previously 
closed by relay 705, and a call will be trans 
mitted to the operator in exactly the same 
manner as in the previous instance. The 
operator will again clear the trunk and dial 
back the special number, this time the tone 
#2 will be connected to conductor 780, and 
either alone or in conjunction with tone +1 
will inform the operator of conditions in the 
exchange. When an alarm signal clears and 
relay 771 restores, the circuit for relay 705 is again closed and relay706 isshunted R0. 
lay 706 will restore and open its own lockin 
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circuit and the apparatus is again in normal 
condition. 
In case the trunk comprisin conductors 

170-172 has been in use when the alarm sig 30 
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nal just described originated there would be no circuit for the upper winding of relay 708 
since conductor 171 would be grounded in 
the case of an incoming call, or the cut-off 
relay would be disconnected in the case of an outgoing call. In this event the signal will 
be stored until such time as the trunk becomes 
available at which time the call would be ex 
tended to the operator in the manner just de 
scribed. The trunk when used for signalling 
purposes is obviously made busy for other 
calls. This condition, however, is of very 
short duration since the operator can imme 
diately clear the trunk as explained. 

Alarm signal in office “B” 
The manner in which an alarm signal in the 

“B' office is extended to an operator will now 
be described. Assume first, that an alarm 
signal is given in the “B” office, and the cir 
cuit of relay 937 is closed in the manner de 
scribed for relay 771 in the previous connec 
tion. Relay 937 opens the circuit of relay 
901 at armature 935, and at armature 936 
connects tone #1 to conductor 941 extending 
to a contact in the connector banks. Normal 
ly operated relay 901 now deenergizes, closes 
points in the alarm circuit at armatures 911 
and 914, prepares the circuit of relay 902 at 
armature 913, and at armature 912 closes a 
circuit for relay 905. The latter circuit ex 
tends by way of resistance 910, armatures 
924 and 927, release trunk conductor 174' 
to incoming selector ISR1 (Fig. 8), armature 
836 and winding of relay 801 to battery. The 
resistance 910 is of such value that relay 801 
is not operated in the above circuit. Relay 
905, however, operates and closes a circuit. 
which may be traced from battery, resistance 
909, armatures 914 and 922, trunk conductor 
173, then to alarm signal relay group ASR 
(Fig. 7), normally operated armature 745, 
through the lower winding of relay 709 and 
resistance 715 to ground, and also by way of 
battery and resistance 908 of relay group 
ASR1, armatures 911 and 921, trunk con 
ductor 175, then to alarm signal relay group 
ASR, normally operated armature 744, 
through the upper winding of relay 709, re 
sistance 714 to ground. Resistances 908, 909, 
and 714 and 715 are very high, and con 
sequently the current flow over the trunk is 
reduced to a very small value. It may also 
be pointed out that relay 710 is normally 
energized in series with cut-off relay 601 
of the associated incoming selector ISR (Fig. 
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6) but relay 601 is not operated due to the 
value of resistance 716. Relay 709 closes a 
circuit for relay 701 at armature 743, and 
at armature 764 completes the circuit for the 
upper winding of relay 703. Relay 701 oper 
ates and switches the alarm signal relay 
group from the trunk comprising 170-172 to 
the trunk comprising conductors 170°-172’. 
Relay 703 operates in the usual way in series 
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with the cut-off of the associated toll trans 
mission selector, and signals the operator 
over the trunk as previously described. The 
operator on answering the call is given the 
usual tone and then clears the trunk by oper 
ating relay 702 which locks to ground at ar 
mature 782. Since the signal comes in over 
the trunk comprising conductors 170°-172, 
the operator is informed that the signal is 
extended from the 'B' office. 
The operator to determine the cause of 

the alarm now dials back the-special number, 
using the same apparatus as for extending a 
toll call to a subscriber in the “B” office. Con 
nector C1 is operated into engagement with 
the contacts associated with the special alarm 
conductors 941 and 942. The switching re 
lay of connector C1 and the slow relay 902 
operate in series over conductor 942 and the 
test wiper of the connector. A distinctive 
tone is given to the operator by way of arma 
ture 936 of the alarm relay 937 and conductor 
941. 

In the case of an emergency alarm, a call 
is extended to the operator in exactly the 
same manner as that just described except 
that alarm relay 940 opens the circuit of relay 
904 which performs the same function as re 
lay 901. and tone E2 is transmitted to the operator. 

It should be noted, especially, that the in 
ter-office trunk is not made busy to the local 
selectors in the automatic exchange, and con 
sequently the trunk is available for inter 
office calls. When a selector, such as the 
selector SR1, seizes the trunk during the time 
an alarm signal is being transmitted there 
over, relay 907 of relay group ASR1 will oper 
ate in exactly the same manner as if the trunk 
were not in use for signalling purposes. Re 
lay 905 will be disconnected from the release 
trunk and consequently will open the alarm 
circuit at armatures 921 and 922, thereby 
causing the restoration of relay 709 and other 
relays of the relay group ASR (Fig. 7). 
If the trunk is seized from the “A” office, 

by a selector such as the selector SR or a toll 
transmission selector such as transmission 
selector TTS, relay 712 of the alarm signal 
group ASR will operate and disconnect relay 
710 from the series connection with the cut 
off relay of selector ISR (Fig. 6). Relay 710 
in turn will disconnect relay 709 and that re 
lay will deemergize and clear the trunk ex 
tending to the operator. The call coming 
into the 'B' office will operate incoming se 
lector ISR1 (Fig. 8) in the usual way, and 
cut-off relay 801 will be disconnected from 
in series with relay 905 or relay group ASR1. 
This will cause the disconnection of the signal 
relay group ASR1 from the trunk. When 
the trunk again becomes idle, the alarm signal 
will again be transmitted to the operator in 
exactly the same way as previously described. 
Alarm signals that have been cleared by the 
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operator dialling the special number, how 
ever, will not again come in but only those 
which have not as yet been answered or 
cleared by the operator. 

All trunks busy 
In the foregoing description of the vari 

ous connections it was assumed that in each 
case an idle trunk was accessible to each se 
lector involved in the connection. During 
periods of extra heavy traffic, all trunks of a 
particular group may become busy. When 
such a condition occurs, the operator or sub 
scriber must be advised. 

Referring first to Fig.1, when the selectoris 
operated to a called level as was previously 
described, the switch automatically rotates 
in on the called level and the wipers are 
stepped ahead until an idle trunk is found, or 

20 

30 

relay 110 in series wit 

until the wipers of the switch reach the elev 
enth position of the banks in which case they 
will be entirely free from the bank contacts. 
On reaching the eleventh rotary position, can 
springs 115 and 119 will be operated mechani 
cally by a cam on the shaft carrying the 
wipers. Contacts 119 on closing complete a 
circuit for the lower Nig of switching 

h vertical magnet 112, and the switching relay operates to open the 
rotary circuit at armature 157. Switching 
relay 110 also opens the circuit of relay 103 
which in turn opens the circuit of relay 106 
and the selector switches over from operating 
to talking position in the same manner as on . 
a completed call. A busy tone will now be 
connected to the tipper talking conductor of 
the selector by way of contacts 115 and arma 
ture 127. This tone will be the same as the 
busy tone used by the connector and is 
audible to the calling subscriber who is ex 
pected to hang up and release the connection. 

Referring now to Fig. 5, when the toll 
transmission selector TTS is operated to a 
level in which all trunks are busy, the switch 
will automatically cut in and rotate in search 
of an idle trunk. When the wipers are 
stepped to the eleventh rotary position, the rotary contacts 525 and 526 will be operated, 
the former connecting a toll busy tone to the 

2 lower talking conductor of the selector, the 
latter closing an operating circuit for the 
lower winding of switching relay 515 in se 
ries with vertical magnet 516. Switchin 
relay 515 operates and opens the circuito 
relay 511 in the usual manner and that relay 
in turn closes the circuit of switch-over relay 

the usual manner. 
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508 which switches over the transmission se 
lector from operating to talking position in 

The toll busy tone is 
given to the operator in this case so that in 
case she does not note the tone before dial 
ling the complete number of the wanted sub 
scriber, she will then not attempt to cut in 
on the busy line. The toll busy tone may be 
a tone similar to the local busy tone except 

29 

of a different frequency, so that the operator will be able to easily distinguish between the 
two. 
The operation of selector ISR, Fig.6, on 

encountering an all trunks busy condition is 
the same as that of the previously described 
selectors. Rotary eleventh position contacts 
618 and 619 are operated, the former con 
necting the busy tone to the lower talking 
conductor of the switch, the latter complet 
ing an operating circuit for switching relay 
609 which operates to open the rotary cir 
cuit. The local busy tone, that is the same 
busv tone as used for selectors such as SR 
and connector C, is used in this case since the 
switch is used only for local inter-office con 
nections. 
Combination toll and local incoming se 

lector ISR1 (Fig. 8) operates in the same 
manner as the toll transmission selector TTS 
when an all trunks busy condition is encoun 
tered. In this case a toll busy tone is con 
nected to the trunk so that the operator will 
not attempt to cut in on a busy line. Sub 
scribers using this switch for interoffice calls 
will, of course, receive this toll busy tone, but 
it will be unnecesary for them to know that 

is anything other than the regular busy 
O8. - 

What is claimed is: 
1. In a telephone system, a selector re 

peater having access to local trunks and to 
outgoing trunks, means including said selec 
tor repeater and one of said trunks for ex 
tending connections to a subscriber's line, a 
busy test circuit in said selector repeater for 
determining the idle or busy condition of a 
called line, and a discriminating test circuit 
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in said selector repeater for determining the 
class of connection in which a busy called 
line is engaged, said circuits being effective 

105 

only when a call has been extended to a sub 
scriber's line by way of a local trunk. 

2. In a telephone system, a selector re 
peater having access to local trunks and to 
outgoing trunks for extending connections 
to subscribers' lines, a control circuit ex 
tending from the selector repeater effective 
only when a connection is extended over a 
local trunk, a second control circuit extend 
ing from the selector repeater effective only 
when a connection is extended over an out 
going trunk, and means for signaling called 
subscribers controlled over each of said cir 
cuits. 

3. In a selector repeater for extending con 
nections, to subscribers' lines, a discriminat 
ing test relay energized responsive to the op 
eration of the selector repeater in setting up 
a connection, a busy test relay energized re 
sponsive to the extension of a connection to 
a busy line, and means, responsive to the op 
eration of both said relays for short circuit 
ing said discriminating test relay. 

4. In a telephone system, an automatic 
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switch, a trunk terminating in the switch, 
a double wound impulse relay for the switch, 
a bridge comprising the two windings of said 
impulse relay and battery and ground in 
series there with normally connected across 
the conductors of said trunk, a second relay 
having two windings, means including the 
switch for extending a connection to a called 
line, and means responsive to the extension 
of such connection for connecting the two 
windings of said second relay in said bridge 
in series respectively with the two winding 
of said impulse relay. 

5. In a telephone system, an automatic 
switch, a trunk terminating in the switch, an 
impulse relay for the switch having two 
windings normally connected across the con 
ductors of said trunk in series with battery 
and ground respectively, a second relay hav 
ing two windings, means including the switch 
for extending a connection to a called line, 
means responsive to the extension of such 
connection for connecting the two windings 
of said second relay in series respectively with 
the two windings of said impulse relay, and 
means for applying a characteristic potential 
to the conductors of said trunk to operate said 
second relay. 

6. In a telephone system, an automatic 
switch, a trunk terminating in the switch, a 
double wound impulse relay for the switch 
normally bridged across the conductors of the 
trunk in series with battery and ground, a 
second double wound relay, means including 
the switch for extending a call to a line, 
means responsive to the extension of the 
call to the line for connecting the two wind 
ings of said second relay in series with the 
two windings of said impulse relay, and 
means responsive to the answering of the 
call for reversing the connection of said re 
lays with respect to the conductors of said 
trunk. t 

7. In a telephone system, a two way trunk 
terminating in an automatic switch, a branch 
of said trunk accessible to other switches, a 
cut-off relay normally connected to said 
branch, means responsive to an outgoing call 
over said trunk for operating said relay to 
disconnect said first switch from the trunk, 
and means responsive to an incoming call 
over the trunk for disconnecting said relay 
from said branch to mark said trunk busy 
to said other switches. 

8. In a selector repeater equipped with 
talking and test wipers for extending con 
nections, a discriminating test relay energized 
responsive to the operation of the selector re 
peater, a busy test relay energized over a 
circuit including one of said test wipers re 
sponsive to the extension of a connection to a 
busy line, and means responsive to the op 
eration of both said relays for connecting 
said discriminating test relay to one of said 
talking wipers. 
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9. In a telephone system, a selector re 
peater for extending a connection to a line 
which may be busy in either a local or a 
toll connection, a discriminating test relay 
energized responsive to the operation of the 
selector repeater, a busy test relay energized 
responsive to the extension of the connection 
to the busy line, and a circuit for short circuit 
ing said discriminating relay to cause the re 
lease thereof effective only when the called 
line is busy in a local connection. 

10. In a selector repeater having access to 
local trunks and to outgoing trunks, means 
for seizing one of said trunks and for trans 
mitting impulses thereover to establish a con 
nection with a called line, means effective 
when a connection has been established with 
a busy line via one of said local trunks for 
connecting a characteristic potential to the 
talking conductors of the trunk, and means 
effective when a connection has been estab 
lished with a busy line via one of said out 
going trunks for transmitting impulses over 
the trunk. 

11. In a telephone system, two exchanges, 
an incoming selector repeater in one ex 
change, a trunk connecting said exchanges 
and terminating in said selector repeater, 
local and toll automatic switches in the other 
exchange having access to said trunk, and 
means for adapting said selector repeater for 
either local or toll operation depending on 
whether the trunk is seized by a local switch 
or a toll switch. 

12. In a selector repeater adapted to be 
seized in either a local or a toll connection, a 
ring control circuit for controlling the ring 
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ing relay of a succeeding switch, and means 
for rendering said circuit effective only when 
the switch is seized in a toll connection. 

13. In a selector repeater adapted to be 
seized in either a local or a toll connection, 
wipei's for extending connections, and talk 
ing conductors adapted to be connected to 
said wipers in either of two ways depending 
on whether the switch is seized in a local or 
a toll connection. 

14. In a selector repeater for extending 
local or toll connections to subscribers' lines, 
a busy test relay energized when a local con 
nection is extended to a busy line, and a 
switch-over relay energized when a toll con 
nection is extended to a busy line. 

15. In a selector repeater for extending 
local or toll connections to subscribers' lines, 
means for switching over the selector re 
peater from calling position to talking posi 
tion when a local connection is extended to 
a busy line, and means for connecting up a 
busy tone when a toll connection is extended 
to a busy line. 

16. In a selector repeater for extending 
local or toll connections to subscribers’ lines, 
a busy test relay, and means for rendering 
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said relay effective only when a toll connec 
tion is extended. 

17. In a selector repeater for extending 
calls of two classes over a trunk, means for 
connecting a battery feedbridge to the trunk 
on calls for either class, and means for re 
versing the connection of said bridge with 
respect to the trunk on calls of one class. 

18. In a telephone system, a selector re 
peater for extending local or toll connections, 
a trunk terminating in said selector repeater, 
means for connecting a source of current to 
said trunk to seize said selector repeater, and 
means controlled by the direction of current 
flow over said trunk for adapting the selector 
repeater for local or toll operation as re 
quired. 

19. In a telephone system, an automatic 
switch, an incoming trunk terminating in said 
switch, means for connecting a source of cur 
rent to said trunk to seize said switch, a plu 
rality of trunks accessible to said switch, 
means for interrupting the current flow over 
said incoming trunk for operating said 
switch to seize one of said other trunks, 
means in the switch for connecting a source 
of current to the seized trunk, and means 
in the switch controlled by the direction of 
current flow over said incoming trunk for 
controlling the direction of current flow over 
the seized trunk. 

20. In a telephone system, a connector 
switch for extending connections to subscrib 
ers' lines, a test wiper for said switch, a trunk 
comprising talking conductors and test con 
ductors terminating in said switch, a switch 
ingrelay energized over a circuit including 
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said wiper when a connection is extended to 
an idleline, a busy relay energized over a 
circuit including said wiper when a connec 
tion is extended to a busy line, and means 
controlled by said busy relay for connecting 
said wiper to one of the talking conductors 
of said trunk and for connecting said switch 
ing relay to one of the test conductors of 
said trunk. 

21. In a two digit responsive switch ter 
minating a trunk, an impulse relay, a circuit 
for said relay comprising two conductors 
of the trunk in series effective to receive the 
first digit, and a circuit for said relay com 
prising only one conductor of the trunk effec 
tive to receive the second digit. 

22. In a telephone system, a two digit re 
sponsive automatic switch, a trunk terminat 
ing in said switch, means for seizing the 
switch over two conductors of said trunk in 
series, means for transmitting the first direc 
tive digit to the switch over two conductors 
of said trunk in series, and means for trans 
mitting the second directive digit to said 
switch over only one conductor of said 
trunk. 

23. In a telephone system, a two digit re 
sponsive switch, a trunk terminating in the 

means at one exchange 

3. 

switch, an impulse relay for the switch, a 
circuit for said relay including two con 
ductors of said trunk to which the two poles 
of a battery are connected respectively at a 
preceding switch, said circuit being effective 
to transmit the first directive digit, and a 
circuit for said relay including only one con 
ductor of said trunk to which one pole of a 
battery is connected at a preceding switch 
and to which the non-corresponding pole of 
another battery is connected at the switch. 24. In a telephone system, two exchanges, 
a trunk line SE; said exchanges, 

s or transmitting a 
continuous signal indicative of abnormal 
conditions in the exchange over one con 
ductor of said trunk line to operate a visual 
indicator in the other exchange, and means 
controlled from the other exchange over two 
conductors of said trunk line in series for 
clearing the signal from said trunk line. 

25. In a telephone system, two exchanges, 
a two conductor trunk connecting the ex 
changes, means for transmitting a continu 
ous signal indicative of abnormal conditions 
in One exchange over one conductor of the 
trunk to the other exchange, means for si 
multaneously transmitting an intermittent 
signal indicative of the character of the ab 
normal condition over said one conductor, 
and means in the other exchange for mo. 
mentarily connecting the two conductors of 
the trunk to clear the signals from the trunk. 

26. In a telephone system, three exchanges, 
automatic means in the first exchange re 
sponsive to an unstandard condition for 
transmitting an alarm signal to the second 
exchange, and automatic means in the second 
exchange responsive to said alarm signal for 
transmitting an alarm signal to the third 
exchange. 

27. In a telephone system, three ex 
changes, means in the first exchange respon 
sive to an unstandard condition in that ex 
change for transmitting an alarm signal to 
the second exchange, and means in the sec 
end exchange responsive to an unstandard 
condition in either exchange for transmit 
ting an alarm signal to the third exchange. 

28. In a telephone system, three serially 
related trunk connected exchanges, means 
in the first exchange responsive to an un 
standard condition in that exchange for 
transmitting an alarm signal to the second 
exchange via a trunk, and means in the sec 
ond exchange responsive to an unstandard 
condition in that exchange for transmitting 
an alarm signal to the third exchange viz 
a particular trunk and responsive to the 
alarm signal from the first exchange for 
transmitting an alarm signal to the third 
exchange via a different trunk. 

29. In a telephone system, a two conductor 
trunk terminating in an answering jack and 
a calling jack, a signal relay normally con 
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nected to one conductor of the trunk and op 
erated responsive to an incoming call over the 
trunk, a polarized relay normally discon 
nected from the trunk, and means responsive 
to an outgoing call over the trunk for dis 
connecting said signal relay from the trunk 
conductor and for bridging said polarized 
relay across the two trunk conductors. 

30. In a telephone system, a first selector 
repeater, a calling line, connectors accessible 
to said selector repeater for extending con 
nections to signalling called subscribers on 
lines other than the calling line, a ring back 
switch accessible to said selector for signal 
ling a called subscriber on the calling line, battery bridges in said selector repeater for 
supplying talking current to both calling 
and called subscribers when the connection is 
extended by way of a connector, and a bat 
tery bridge in said ring back switch, for sup 
plying talking current to both subscribers 
when the subscribers are on the same line. 

31. In a telephone system comprising a 
manual toll exchange and intermediate and 
terminating automatic exchanges, trunks ex: 
tending from the manual exchange to a toll 
selector repeater in the intermediate ex 
change, local selector repeaters in the inter 
mediate exchange, combination local and 
toll connectors accessible to all said selector 
repeaters, trunks accessible to all said Se 
lector repeaters extending to incoming con 
bitation local and toll selector repeaters in 
the terminating exchange, and connectors 
accessible to said combination selector re 
peaters, 

32. In a telephone system comprising a 
manual exchange and intermediate and ter 
minating automatic exchanges, trunks, ex 
tending from the manual exchange to toilse 
lector repeaters in the intermediate exchange, 
local selector repeaters in the intermediate 
exchange, combination local and toll connec 
tors accessible to all said selector repeaters in 
the intermediate exchange, trunks accessible 
to all said selector repeaters in the intermedi 
ate exchange, said trunks extending to in 
coming combination local and toll selector repeaters in the terminating exchange, local 
selector repeaters in the terminating ex 
change, and combination local and toll con 
nectors accessible to all selector repeaters in 
the terminating exchange. 

. 33. In a telephone system comprising two 
automatic exchanges, a two-way trunk con 
necting the exchanges terminating in an in 
coming selector repeater at the first exchange 
and terminating in an incoming combination 
local and toll selector repeater at the second 
exchange, local selector repeaters and tollse 
lector repeaters at the first exchange having 
access to said trunk, and local selector re 
peaters at the second exchange having access 
to said trunk, 

34. In a telephone system comprising two 
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automatic exchanges, a two-way trunk con 
necting the exchanges terminating in an in 
coming selector repeater at the first exchange 
and in an incoming combination local and 
toll selector repeater at the second exchange, 
local selector repeaters and toll selector re 
peaters at the first exchange having access to 
said trunk, local selector repeaters at the sec 
ond exchange having access to said trunk, 
and combination local and toll connectors in 
each exchange accessible to all selector re 
peaters in the same exchange. 

35. In an incoming selector repeater adapt 
ed to be seized in either local or toll connec 
tions and for extending such connections over 
either local or outgoing trunks, a busy test 
circuit, and means for rendering said circuit 
effective only when a toll connection is ex 
tended over a local trunk. . . " 

36. In an incoming selector repeater adapt 
ed to be seized in either local or toll connec 
tions and for extending such connections over 
either local or outgoing trunks, talking and 
test wipers, a ring control circuit including a 
test wiper effective when a toll connection is 
extended over a local trunk, and a ring con 
trol circuit including a talking wiper effec 
tive when a toll connection is extended over 
an outgoing trunk. 

37. In a selector repeater for extending 
connections to subscribers' lines via trunklines 
of two classes, line wipers and a control wiper, means for applying a potential to the 
control wiper to effect the signalling of a 
subscriber's line connected with over a trunk 
line of one class, and means for applying a 
potential to one of the line wipers to effect the 
signalling of a subscriber's line connected 
with over a trunk line of the other class. 

38. In a telephone system, a selector re 
peater for extending connections to subscrib 
ers' lines via trunk lines of two classes, line 
wipers and a control wiper for the selector 
repeater, a battery, means in the selector re 
peater for momentarily connecting one pole 
of said battery to said control wiper to effect 
the signalling of a subscriber's line connect 
ed with over a trunk line of one class, and 
means in the selector repeater for momentari 
ly connecting the other pole of said battery 
to one of said line wipers to effect the signal 
ling of a subscriber's line connected with 
over a trunkline of the other class. 

39. In a telephone system comprising two 
exchanges connected by a trunk line over 
which talking connections may be established, 
a source of signalling current in one ex 
change, means in said one exchange for con 
necting said current source to the trunk line 
responsive to an abnormal condition in that 
exchange, means for disconnecting said cur 
rent source from the trunk line responsive 
to the establishment of a talking connection 
thereover, and means for reconnecting said 
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current source to the trunkline responsive to 
the termination of the talking connection. 

40. In a telephone system comprising two 
exchanges connected by a trunk line over 

5 which talking connections may be established, 
means for marking the trunk line busy when 
engaged in a talking connection, means in 
one exchange responsive to an abnormal con 
dition therein for transmitting a continuous 

10 signal over the trunk line without marking 
the trunkline busy, and means for temporari 
ly suppressing said signal when the trunk 
line is taken into use for a talking connection. 

41. In an automatic switch adapted to ex 
5 tend calls of either of two classes, a battery 
feed bridge, a pair of wipers, and means for 
connecting said wipers to said bridge in ei 
ther of two ways dependent upon the class 
of call extended. 

42. In an automatic switch, incoming con 
ductors and outgoing conductors, wipers, 
means for establishing current flow over said 
incoming conductors in either of two direc 
tions, and means for connecting said wipers 

25 to said outgoing conductors in either of two 
ways dependent upon the direction of cur 
rent flow over said incoming conductors. 

43. In an automatic switch, primary and 
secondary magnets, a switching relay, means 
for operating said magnets to set the switch, 
and means responsive to the completion of 
the setting of the switch for energizing said 

20 
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relay in series with one or the other of said 
magnets. . 

44. In an automatic switch, primary and 
secondary magnets, a switching relay, means 
including the magnets for operating the 
switch in its primary and secondary move 
ments, means effective after a secondary 
movement of a certain extent for energiz 
ing said relay in series with one of said mag 
nets, and means effective after a secondary 
movement of a different extent for energiz 
ing said relay in series with the other of 
said magnets. 

0 

45 

45. In a telephone system, an automatic 
switch having access to groups of trunks, a 
primary magnet and a secondary magnet, a 
switching relay, means for operating the pri 
mary magnetto set the switch in selective 
relation with a group of trunks, means for 
operating said secondary magnet to cause the 
switch to test the trunks of said group suc 
cessively, means responsive to the Switch en 
countering an idle trunk for energizing said 
relay in series with said secondary magnet 
to prevent further secondary movement of 
the switch, and means responsive to the 
switch failing to find an idle trunk in the 
group for energizing said relay in series with 
said primary magnet to prevent further sec 
ondary movement of the switch. 

46. In a telephone system, an automatic 
switch, a pair of wipers for the Switch, atrunk 
incoming to the switch, a battery, means in 
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the switch responsive to the unbalancing of 
the incoming trunk under certain conditions 
for connecting one pole of said battery to 
both of said wipers, and means in the switch 
responsive to the unbalancing of the incom 
ing trunk under certain other conditions for 
connecting the other pole of said battery to 

47. In a telephone system, an automatic 
switch, a trunk incoming to the switch, two 
outgoing trunks accessible to the switch, a 
battery, means for operating the switch to 
extend a connection over either of said out 
going trunks, means for unbalancing said in 
coming trunk, and means responsive to the 
unbalancing of the incoming trunk for con 
necting one pole of said battery to both con 
ductors of the outgoing trunk or for connect 
ing the other pole of said battery to one con 
ductor of the outgoing trunk dependent on 
which of said outgoing trunks is involved in 
the connection. 

48. In a telephone system in which con 
nections between calling and called parties 
are established over a train of automatic 
Switches and in which talking current is sup 
plied to both parties from the first switch 
of the train, means in the first switch of the 
train controlled by the calling party for 
maintaining all switches of the train oper 
ated during the connection, and means re 
sponsive to the withdrawal of the calling 
party from the connection for disabling said 
first means and for placing the release of the 
last Switch of the train under the control of 
the called party. 

49. In a telephone system in which connec 
tions between calling and called parties are 
established over a train of automatic switches 
and in which talking current is supplied to 
both parties from the first switch of the train, 
means responsive to the withdrawal of the 
calling party from a connection for releas 
ing all except the last switch of the train and 
for adapting the last switch to supply cur 
rent to the called party, and means including 
the current supplying means in the last 
Switch of the train for maintaining said 
switch operated until the called party re 
leases. 

50. In a telephone system, a calling line 
and a called line, a switch, means for oper 
ating said switch to select the called line, a 
relay for said switch, means for energizing 
said relay in a local circuit to connect said 
lines, and means for energizing said relay 
in a circuit including the called lines respon 
sive to the release of the calling line from the 
connections. 

51. In an automatic switch, talking con 
ductors, wipers, a relay for connecting the 
talking conductors with the wipers, a mag 
net for setting the Switch, means for energiz 
ing said relay in series with said magnet in 
a local circuit, and means for energizing said 
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relay in series with said magnet in a circuit 
including said wipers and conductors out 
side of the switch. 

52. In a telephone system, a calling line 
and a called line, an automatic switch, wipers 
for the switch, a wiper connecting relay, 
means controlled over the calling line for 
operating said switch to extend a, connection 
to the called line, means for operating said 

25 relay in a local circuit to complete the con 
nection through the switch, means controlled 
over the calling line for preventing the re 
lease of the switch, means responsive to the 
calling party releasing from the connection 

s for disabling said release preventing means, 
for opening the local circuit of said relay and 
for completing a holding circuit for the relay 
over the called line, and means controlled 
by said relay for. preventing the release of 

20 the switch until the called party opens said 
holding circuit by. releasing from the con 
nection. 

53. In a telephone system, a calling line 
and a called line, an automatic switch, wipers for the switch, a magnet for the switch, 
means controlled over the calling line for . 
operating said magnet to set the switch 
wipers in engagement with the called line, 
a relay in the switch for connecting the call ing and called line via said wipes, means 
for connecting said magnet directly to said . 
relay to energize the relay independent of the 
called line, and means responsive to the call 
ing party hanging up for opening the direct 
connection between the relay and the magnet 
and for connecting the relay and magnet, re 
spectively, to cónductors of the called line 
whereby the relay is energized over the called 
line under the control of the called party. 
. In witness whereof, I hereunto subscribe 
my name this 26th day of September, A. D. 
1929. 

a , JOHN WICKS. 
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