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i Application filed April 23, 1923, Seria 

The present invention relates to telephone 
systems in general, but is concerned more 
particularly with the branch-exchange equip 
ment in a telephone system employing both 

5 main and branch exchanges, although Sev 
eral features of the invention are not spe 
cifically limited thereto. 
The invention has been applied to an auto 

matic telephone system including an auto 
10 matic main exchange and an automatic 

branch exchange having an attendant's cab 
inet located therein to enable an attendant 
at the branch exchange to complete incoming 
calls and to set up connections from a branch 

15 exchange subscriber to a main-exchange sub 
scriber when requested to do so. 
One object of the invention is the applica 

tion of the so-called by-pass method of oper 
ation to the branch-exchange switching ap 

20 paratus so that a single connector will Suf 
fice, this connector being used merely to op 
erate the lineswitch on the called line to 
cause it to seize the same trunk previously 
seized by the calling lineswitch. 
A features of the invention lies in the ar 

rangement whereby each of the ten trunks 
presided over by a master switch is normally 
connected to the common connector Switch, 
but is disconnected therefrom and connected 
instead to an individual battery feed and 
holding relay as soon as a connection has 
been set up over the trunk. 
According to a further feature of the in 

vention, the master switch is arranged so 
that it does not operate to preselect a new 
trunk when a callis made, but Waits until the 
common connector has been operated over 
the seized trunk to signal the subscriber on 
the called line and to operate the lineswitch 
on the called line to make connection with 
the calling line through the trunk in use, 
whereupon the master switch operates in the 
usual manner to preselect another idle trunk. 
Another object of the invention is the pro 

vision of a timing device individual to the 
connector for freeing the connector auto 
matically in case the Subscriber has not 
dialled the complete number and caused the 
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connector to be freed when disconnected 
50 from the trunk as above mentioned. 
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According to a further feature of the in 
vention, the above-mentioned timing device 
is released and started over again after the 
complete number has been dialled in order 
to control the application of ringing current as 
and the regular release of the connector. 
A special feature of the arrangement is 

that ringing current is transmitted as soon 
as the connection has been completed, only a 
short preliminary ring being given at that to 
time. A moment later, the timing device 
causes a long ring to be transmitted to the 
called line. This long ring is useful in a 
private automatic exchange in order to locate 
the Substation that is being signalled when 65 
Several substations are located close together, 
Such as, for example, at adjacent desks in an 
Another object of the invention is the pro 

duction of Suitable arrangements in a system 
of the fol'egoing character whereby certain 
subscribers are permitted to call through to 
the main exchange, while calls from other 
Substations to the main exchange are barred. 
Another object of the invention is the pro 

vision of a rangements in the connector for 
preventing the connecting up of a battery 
Supply to a trunk line when a connection is 
being made thereover to the main exchange 
Ol' to a certain local equipment (a code call st 
machine for example) while permitting a 
battery supply connection to be made in case. 
the call is a regular local call. This permits 
brainch-exchange subscribers to dial main 
exchange numbers and special local numbers. 
Another object of the invention is the pro 

vision of suitable arrangements in the in 
coming trunk lines for controlling the oper 
ation of the connector so that it will fail to 
cause the battery supply to be connected to a 3; 
local trunk line in case the call is incoming 
to the branch exchange from the main ex 
change, the arrangement being preferred 
wherein the transmitter in the branch ex- 05 
change is energized from current transmitted 
over the inter-exchange trunk line from the 
inain exchange. 
Another object of the invention is the pro 

vision of suitable arrangements for enabling it} 
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an attendant at an attendant's cabinet asso 
ciated with the inter-exchange trunk lines 
to answer and extend calls incoming from 
the main exchange, to answer the calls in 
coming to her cabinet from the branch ex 
change, and to set up tail-to-tail connections 
between main-exchange and branch-exchange 
subscribers. 
Another object of the invention is the pro 

vision of a novel arrangement whereby both 
busy-tone current and dial-tone current are 
transmitted to the connector from the tone 
equipment over the same conductor, arrange 
ments being provided for causing the flow of 
tone current to be distinctly different at one 
time from the flow of tone current at the other 
time so as to differentiate between the dial 
tone and the busy tone. 
There are other objects and features of the 

invention having to do for the most part 
with the circuit details necessary to carry 
out the objects and features above mentioned. 
The various objects and features of the inven 
tion will be understood best from a further 
perusal of the description in connection with 
the accompanying drawings. 

Referring now to the drawings compris 
ing Figs, 1 to 5, they show by means of the 
usual circuit diagrams a sufficient amount of 
equipment in a telephone system involving the 
features of the invention to enable the same 
to be understood. More in particular, these 
drawings show equipment located in a main 
exchange, indicated at the left in Fig. 1, and 
the essential equipment of a branch exchange 
interconnected with the main exchange by 
means of the trunk line TL, Fig. 1, and oth 
ers. The branch exchange may be consid 
ered as belonging to the type ordinarily des 
ignated as a private branch exchange, an at 
tendant being located at the branch exchange 
to complete incoming calls by ascertaining 
the number desired and controlling the op 
eration at the automatic switching equip 
ment, outgoing calls being completed re 
sponsive to the dialling operation on the part 
of the calling subscriber without the aid of 
the branch-exchange attendant. 
The apparatus shown in Fig. 1 includes the 

portion of the main-exchange equipment at 
the left, and the trunk circuit TC at the right 
of the interconnecting trunkline TL. In the 
lower part of Fig. 1 there is indicated certain 
keys and lamps located at the Switchboard 
of the attendant and individual to the trunk 
circuit TC. 
The remaining portion of the attendant's 

equipment is indicated in Fig. 4, which 
should be placed under Fig. 1 with the inter 
connecting lines in alignment. The keys and 
other apparatus in Fig. 4 are common to the 
several trunk circuits such as the trunk cir 
cuit TC, Fig. 1. Fig. 4 shows two so-called 
information trunks extending to the attend 
ant's switchboard from the local Switching 
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equipment for a purpose to be explained 
hereinafter. 

Fig. 2 shows lineswitches LS1 and LS2 
having common access to the trunk line com 
prising conductors 226-229 and to the other 
trunk lines presided over by the associated 
master switch. The master Switch associates 
it idle lineswitches with an idle one of the 
runk lines. 
The lineswitch S1 is individual to the line 

of the local substation A, while the lineswitch 

-- 
y 

LS2 is individual to the trunk line Tu with 
which it is associated through the medium of 
the trunk circuit TC, Fig. 1, being connected 
with such trunk circuit by way of conductors 
25-29. 
Fig. 3 shows the single connector of the 

branch exchange having wipers 322-325. 
This connector, through the common con 
ductors 219-221, is normally connected to 
each of the trunk lines accessible to the line 
switches, one of them being the one compris 
ing conductors 226-229, Fig. 2. This con 
nector has access to each of the lines and line 
switches of the branch exchange. Fig. 3 
shows also he control equipment and aux 
iliary equipment including the 12-position 
rotary switch and its associated relays, and 
the ringing interrupter. 

Fig. 5 shows the code call apparatus in 
cluding the lineSwitches LS3 and LS4 asso 
ciated with the code answering and code call 
ing numbers respectively and the code selec 
tor having wiper 507. This apparatus is ac 
cessible to the connector shown in Fig. 3 
through the bank contact shown at the left 
of Fig. 5 and is operated in a manner to be 
explained subsequently. The lineswitches 
LS3 and LS4 are under the control of the 
master switch shown in Fig. 2. 

Mechanically, the master switch shown in 
Fig. 2 together with the lineswitches LS1 
and LS2 of the same drawing and the line 
switches LS3 and LS4 of Fig. 5 are of the 
usual type, the plungers of the lineSwitches 
being preferably of the Seif-restoring type; 
that is, a plunger, when released, returns at 
oince to the control of the master switch 
rather than waiting for the master switch to 
return again to the position from which the 
lineswitch was plunged. 
The connector shown in Fig. 3 is mechani 

cally of the well-known vertical and rotary 
type having its bank contacts arranged in 
horizontal rows or levels. 
The apparatus having been described in 

general, a detailed description of its opera 
tion Will now be given. For this purpose it 
will be assumed that the subscriber at sub 
station. A desires to converse with another 
local subscriber. 

Local call from substation. A 
When the receiver is removed at substa 

tion A, line relay 203 of the lineswitch. LS1 
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energizes over the two conductors of the call 
ing line and the substation circuit in series 
and closes a circuit through the pull-dowIn 
winding of the lineswitch by way of conduc 
tor 202, at the same time disconnecting the 
operating conductor from the succeeding 
lineswitches. The ground potential on coin 
ductor 202 is obtained from the upper con 
tacts of relays 307 and 304 of the connector, 
Fig. 3, and through the high-resistance lower 
winding of the delay-relay 201. As long a 
the high-resistance lower winding on this re 
lay is unshunted, the lineswitch is prevented 
from operating. The delay relay is slow to 
operate due to the high impedance of its 
lower winding which prevents a quick build 
ing up of the current and due to the short 
circuited upper winding of the relay, which 
winding is on the armature end of the relay 
and therefore prevents the magnet flux from 
reaching the armature quickly after it is 
built up. The delay relay is provided pri 
marily to take care of the situation which 
might arise in case a lineswitch attempts to 
reoperate immediately after being released, 
in which case it might plunge in on a trunk 
other than that preselected by the naster 
switch if it were permitted to operate before 
it has restored to the position of the master 
switch. When relay 201 operates it places 
the low-resistance upper winding in shunt 
of the lower winding, whereupon the pull 
down winding 205 is magnetized sufficiently 
to operate armatures 206 and 20, closing the 
connection through from the lineswitch to 
the trunk comprising conductors 226-229 
and disconnecting line relay 203 and ground 
from the conductors of the calling line. 
Line relay 305 of the connector now oper 

ates over the calling line through conductors 
226 and 229 of the seized trunk and conduc 
tors 219 and 221 of the connector. Upon op 
erating, line relay 305 closes a circuit for 
relay 306, whereupon the release relay 306 
operates and closes a circuit for relay 307 
which relay, at its lower armature, places 
ground on the release trunk conductor 223, 
thereby closing a holding circuit through the 
test wiper of the master switch and over 
trunk conductor 22 and contacts of the line 
switch LS1 for the bridge-cut-off winding 
204 of the lineswitch. This circuit is estab 
lished before the slow-acting relay 203 has 
had time to fall back and it serves to main 
tain the armatures 206 and 20 of the line 
switch operated. 
As a further result of the operation of re 

lays 306 and 307. Fig. 3, the switch is pre 
pared for operation by the lower armature 
of relay 306, and ground is removed at the 
upper armature of 307 from the delay Felay 
201, which relay falls back in preparation 
for the next call. From this it will be seen 
that no further lineswitches be operated Cat 

5 from calling lines for the time being, because 

3 

ground potential is removed from the contact 
chain of the line relays. 
The calling subscriber now hears the 

above-mentioned dial tone and dials the first 
digit in the desired number, the digit 5, for 
example, whereupon line relay 305 retracts 
its armature five times momentarily. Each 
time it does so, a circuit is closed through 
the lower armature of release relay 306 for 
vertical magnet 317, the circuit at the time 
of its first closure including the lower asso 
ciated off-normal spring, the upper spring 
315, and the lower contacts of relay 303. By 
the operation of the vertical magnet, the 
wipers 322-325 are raised step by step until 
they stand opposite the fifth level of the bank 
contacts. Relay 308 is operated in multiple 
with vertical magnet 317 upon the first im 
pulse of current, and, being slow acting, it 
remains operated throughout the digit, there 
by maintaining its own circuit and that of 
the vertical magnet intact, after the off-nor 
mal contacts have shifted, as they do upon 
the first vertical step. At the end of the 
vertical movement, relay 308 falls back and 
transfers the operating conductor from the 
vertical magnet 317 to the rotary magnet 3:9. 
When the next digit is dialled, the digit 6 

for example, line relay 305 is deemergized six 
times mc inentarily, transmitting an impulse 
to rotary magnet 319 each time it deenergizes. 
These impulses are transmitted through the 
lower almature of relay 306, the two lower 
off-normal contacts associated with off-nor 
mal Spring 315, the lower armature, normal, 
of relay 308, normally closed contacts con 
troiled by the lower armature of relay 310, 
and contacts of relay 312. Magnet 319 re 
sponds to these impulses and rotates the 
wipers 322-325 step by step until they come 
into engagement with the sixth set of bank 
contacts (not shown) in the fifth level. Re 
lay 311 is energized in multiple with magnet 
319 throughout the rotary movement, and at 
its inner upper armature it disconnects test 
wiper 323 from the test winding of switch 
ing relay 312 and connects it instead through 
interrupter contacts 321 to the combined 
stepping 
armature it places a shunt around the asso 
ciated contacts of relay 310 so as to prevent 
the interruption of the rotary-magnet oper 
ating circuit, during the rotary movement in 
case relay 310 operates during such move 
ment, due to a ground potential being en 
gaged on a busy test contact by test wiper 
323. 
At the upper armature of relay 307, ground 

s placed on conductor 370, starting the ring 
ng interrupter to operating as follows: 
When the left-hand winding of the operating 
magnet energizes through the associated re 
sistance, the reed is drawn to the left, where 
upon the differential right-hand winding en 

i 

and busy relay 310, and at its lower 
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ergizes in the opposite direction, causing the 
magnet to release the reed which Swings to 
the right. The right-hand winding deener 
gizes and the reed is attracted again. The 
intermittent current flow through the lower 
contacts of the reed, as it vibrates, passes 
through the primary winding of the associ 
ated trainsformer and induces the alternating 
ringing carrent in the secondary winding. 
Ground potential is extended from con 

ductor 370 to the differential tone relay 368 
through contacts of relay 312. Relay 368 
buzzes at a rather high rate and places a 
“dial tone' on conductor 221 through con 
denser 385. 
Ground potential is extended also to start 

relay 36 from conductor 370 through the 
upper contacts of relay 3i 1 and switch cam 
355 in position 1. The timing switch there 
upon starts operating in a manner to be later 
explained. 

Called line busy 
Assuming now that the line of the desired 

subscriber is busy when called, relay 310 is 
energized over test wiper 323 by a ground 
potential when the wipei's of the connector 
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come to rest on the bank contacts of the called 
line, and when relay 311 falls back the circuit 
of rotary magnet 319 and its own circuit is 
opened at the lower contacts of the relay, 
thereby preventing further rotary movement 
of the connector in the case of further opera 
tion of the calling device at the calling sub 
station. It will be noted that relay 310 is now 
locked energized from conductor 370 through 
its own inner upper armature, and the rotary 
magnet interrupter contacts 321. It is to be 
noted further that it is unnecessary to have 
the locking circuit of relay 310 controlled by 
relay 311 to prevent relay 310 from locking 
up during the rotary movement, as is ordi 
arily done, because, in this case, the rotary 

magnet 319 opens the circuit of relay 310 on 
each step of the wipers. With busy relay 310 
energized, a ground potential is extended 
from the grounded conductor 370 by Way of 
the upper contacts of relays 311, 310 and 308 
to the junction of the winding of relay 368 
and the associated resistance, by way of the 
upper contacts of interrupter relay 365. As 
a result, relay 368 is intermittently short 
circuited, as relay 365 pulls up and falls back, 
causing it to give forth an intermittent 
puzzing soundinstead of a continuous buzzing 
sound heretofore given. This intermittent 
buzzing sound is recognized by the calling 
subscriber as the busy signal. Upon hearing 
this signal, the calling subscriber replaces his 
receiver, permitting relays 305,306, 307, and 
310 to fall back, and resulting in the release 
of the connector and of the calling lineSwitch 
LS1. In this case the master Switch does not 
advance and in the next call takes the same 
trunk. 

1,809,071 

Called line idle 
Assuming now that the desired line is idle 

when called busy relay 310 is not energized 
at the end of the rotary movement and relay 
312 is operated instead, when relay 311 falls 
back and connects the upper winding of relay 
312 to wiper 323. The circuit of relay 312 ex 
tends from the grounded conductor 370 by 
way of the contacts of relay 310 to the upper 
winding of relay 312, and thence by way of 
contacts of relays 311 and 312 to test wiper 
323. The circuit is completed to battery 
through the cut-off winding of the called 
line-switch, which winding is similar to the 
winding 204 of the lineswitch LS1. The en 
ergization of this winding results in the op 
eration of the cut-off armature, correspond 
ing to armature 206, clearing the called line 
of its attachments. Relay 312 operates over 
this circuit and at its inner lower armature 
locks itself to conductor 370, at the same time 
removing the operating potential from the 
tone relay 368, whereupon the buzzing opera 
tion of relay 368 ceases and the application 
of the buzzing tone to the lower talking con 
ductor no longer takes place. As a further 
result of its operation, relay 312 disconnects 
the rotary magnet 319; at its inner upper 
almature its disconnects test wiper 323 from 
its own upper winding and connects it direct 
ly to ground so as to maintain the cut-off 
winding of the called line switch operated; 
and at its upper and lower contacts it con 
nects up the wipers 322 and 325 to the ringing 
circuit. The lower wiper is connected to the 
ringing lead 363, and the upper wiper is con 
nected to the upper winding of ling-cut-off 
relay 309. The application of ringing cur 
rent to the called line is accomplished in a 
way which will now be explained. 

Operation of timing Switch, 
It was mentioned hereinbefore that the 

timing apparatus, including the 12-position 
rotary switch, is started when start relay 367 
operates from conductor 370 through con 
tacts of relay 311 and cam 355 when the Switch 
is seized. When it operates, relay 367 locks 
itself to conductor 360 at its inner lower ar 
mature, and at its upper armature it starts 
interrupter relays 366 and 365 operating. 
Relay 366 closes a circuit for relay 365. Re 
lay 365 operates and short-circuits relay 366, 
which relay then falls back, short-circuiting 
and open-circuiting relay 365. Relay 365 
falls back and removes the short circuit from 
around relay 366, allowing relay 366 to re 
operate. This operation keeps up as long as 
relay 367 is operated. The operation is 
slowed down and is steadied by the copper 
collars on the armature ends of the cores of 
the relays, which are thereby rendered slow 
to operate and slow to release. 

Each time relay 365 operates it closes a cir 
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cuit from the grounded conductor 360 for 
magnet 350. Each time magnet 350 falls 
back, after pulling up over this circuit, it ad 
vances the ratchet device one step, each step 
representing a separate one of the twelve po 
sitions. The pulses are delivered at a rate 
of about two per second. 
The device is started when the connector is 

seized so that the connector may be restored 
to common use at the end of about four and 
One-half seconds in case the second digit has 
not been dialled in the meantime. Such ac 
tion results from the operation of ring-cut-off 
relay 309 through cam 354 in position 9 of the 
device and in a manner to be brought out 
hereinafter. 
Now, when relay 311 responds to the second 

and last Series of impulses in the number, 
during the rotary movement of connector and 
just prior to the test which results in the find 
ing of the line idle and the operation of relay 
312 just described, it removes ground at its 
upper armature from the interrupter start 
conductor 360, whereupon start relay 367 
falls back and closes a restoring circuit for 
the timing switch by closing a circuit for the 
stepping relay 364through cam 352 (positions 
2 to 12) and the interrupter contacts 351 of 
magnet 350. Relay 364 operates and closes 
at its lower armature a circuit for magnet 
350, whereupon this magnet operates and 
opens the circuit of the stepping relay. The 
stepping relay falls back and permits the de 
energization of the magnet, resulting in the 
advance of the timing switch one step. When 
the magnet deenergizes the circuit of relay 
364 is reestablished. The relay and the mag 
net operate alternately in this manner until 
the restoring circuit is opened, when the 
switch passes beyond position 12 and arrives 
in position 1. It will be noted that start re 
lay 367 cannot reoperate to open the restor 
ing circuit, until the switch arrives in posi 
tion 1, owing to the fact that start relay 367, 
on falling back, opens its locking circuit. 
When start relay 36 reoperates, either re 
sponsive to the timing switch arriving in its 
position 1 or to the falling back of relay 311 
at the end of the second digit, whichever takes 
place last, the interrupter relays 365 and 366 
start driving the timing magnet 350 again. 
Now, while the timing switch is still in posi 
tion 1, ringing current from the secondary 
winding of the ringing interrupter is placed 
on ringing lead 363, projecting ringing cur 
rent out over the calling line over the lower 
contacts of relays 309 and 312, which ringing 
current returns by way of the upper line con 
ductor, wiper 322, and the upper contacts of 
relay 312 and 309 to battery by way of the 
ipper winding of relay 309. The slow-act 
ing ring-cut-off relay 309 is not operated by 
this ringing current, as no flow of direct cur 
rent takes place due to the inclusion of the 
usual condenser in the ringing circuit. 

5 

The ringing circuit is opened at cam 356 
and lead 363 is grounded directly while the 
timing switch is in position 2, but in posi 
tions 3 to 6 the ringing circuit is closed again 
and a further and longer application of ring 
ing current takes place. The ringing current 
is applied in this manner so that the particu 
lar telephone which is ringing may be read 
ily located when several telephones are 
mounted close together. The short prelimi 
nary ring calls attention to the call and the 
long ring occurring shortly after enables the 
correct telephone to be located. 
A portion of the ringing current flows back 

to the calling line through the Small con 
denser 384, informing the calling subscriber 
of the ringing operation. 
The ring-cut-off relay 309 may be operated 

over the called line in case the called sub 
scribed responds after the connection has 
been completed by the switching relay 312. 
When operated in this Way, relay 309 oper 
ates through its upper winding over the 
called line and locks itself to conductor 370 
at its inner lower armature. If relay 309 is 
not so operated, it is operated automatically 
by the timing device when it arrives in posi 
tion 5. The circuit, at this time is from 
ground by way of the inner lower armature, 
operated, of relay 312, cam 353 of the tim 
ing device, conductor 359, and the lower 
winding of relays 309 to battery. Upon oper 
ating, relay 309 locks itself to conductor 370 
at its inner lower armature; opens a point in 
the master-switch-start circuit at its third 
armature from the bottom: disconnects the 
upper and lower wipers at its upper and 
lower armatures; thereby stopping the flow 
of current to the called line; and at one of 
its lower armatures it places ground on con 
ductor 224, thereby operating relay 304 to 
open a further point in the ground-supply 
connection to relay 201 (Fig. 2), and placing 
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ground on the pull-down wiper 324, closing 
a circuit through the bank contact on which 
wiper 324 is standing for the pull-down wind 
ing of the called lineswitch, similar to wind 
ing 205 of the lines witch LS1. When this 
occurs, the lineswitch on the called line oper 
ates and connects the called line with the 
same trunkline with which the calling line is 
connected, because the master switch is still 
standing in the same position. As soon as 
the lineswitch on the called line operates, its 
upper winding is energized in parallel with 
winding 204 of the lineswitch LS1 from con 
ductor 227 of the trunk, which winding serves 
to maintain the lineswitch operated after the 
current flow through the pull-down winding 
has ceased. 
As a further result of the operation of relay 

309, it closes at its inner upper armature a cir 
cuit from ground through the upper arma 
ture of relay 306, through the upper armature 
of relay 301, the “30' and “00 cam springs, 
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and over cut-off conductor 222 and the cor 
responding wiper of the master switch for 
operating the cut-off and battery-feed relays 
218 and 217 of the trunk line over which the 
connection has been completed. Relay 218 
operates when this circuit is closed and locks 
itself at its inner upper armature to the 
grounded conductor 227, at the same time 
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opening its initial circuit; it disconnects con 
ductor 226, 228, and 229 of the trunk line 
from the corresponding conductors 219, 220, 
and 221 of the connector at its upper and at 
its two lower armatures; and at its middle 
upper armature it extends the ground poten 
tial to the upper winding of battery-feed 
relay 217. This relay is marginally adjusted 
and does not operate if the resistance 320 
(Fig. 3) is included in its circuit. Resistance 
320is, however, short-circuited at this time 
at the associated contacts, with the result 
that relay 217 operates and locks itself to 
trunk conductors 226 and 229 at its upper and 
lower armatures, at the same time opening its 
initial circuit. Relay 217 now remains ener 
gized over the calling and called lines in 
multiple, supplying talking current to the 
transmitters through its windings. At its 
inner upper armature, relay 217 places a 
multiple ground connection on the holding 
conductor 227 so as to maintain both line 
switches operated and so as to maintain a 
busy test potential on the corresponding con 
tact in the bank of the test wiper of the master 
switch. 
The two subscribers may now converse with 

each other over their respective lines and 
through conductors 226 and 229 of the trunk 
line. 

Connector release 

In the connector, line relay 305 falls back 
when the trunkline is disconnected from the 
connector by relay 218, and relay 306 falls 
back shortly thereafter, opening the circuit 
of relay 307, whereupon relay 307 falls back. 
The falling back of relay 306 removes ground 
at its upper armature from cut-off conductor 
222 and the falling back of relay 307 removes 
ground at one point from release trunk con 
ductor 223, leaving the lineswitches held up 
solely from the ground potential supplied 
from the conductor 227 of the trunk at the 
inner upper armature of relay 217. At its 
upper armature, relay 307 prepares to replace 
ground on the pull-down conductor 202 (Fig. 
2), at the same time removing ground from 
the locking and start conductor 370, stopping 
the operation of the ringing interrupter and 
the relays associated with the timing switch 
and resulting in the deenergization of relays 
309 and 312. Start relay 367 of the timing 
switch now falls back and causes this switch 
to be restored to its normal position in the 
manner above pointed out. 
With relays 307 and 309 deenergized, re 
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lease trunk conductor 223 is connected 
through contacts of these relays to the master 
switch start conductor 225, with the result 
that the ground potential encountered by the 
test wiper of the master switch, on the test 
contact associated with conductor 227 of the 
trunk line, energizes the start relay of the 
master switch to cause the master switch to 
preselect another trunk line, as will be later 
explained. 

Responsive to the deenergization of relay 
306 of the connector, release magnet 318 op 
erates through the associated off-normal con 
tacts 316 and contacts of relay 305 and 306 
and restores the connector to its normal posi 
tion in the usual manner. The release mag 
net circuit is opened at off-normal contacts 
316 when the normal position of the switch is 
attained. 

Release of connection 
When the conversation is terminated, the 

two subscribers replace their receivers, where 
upon battery-feed relay 217 falls back and 
disconnects itself from the trunk line, at the 
same time removing ground from the conduct 
tor 227, whereupon relay 218 falls back and 
the bridge-cut-off windings of the lineswitch 
LS1 and of the called lines Witch both de 
energize, whereupon the lineswitches restore 
and, due to their self-aligning plungers, come 
immediately to the control of the master 
switch opposite the instant preselected trunk. 
The connection is now released and the ap 
paratus is in readiness for use in completing 
subsequent connections. 

Master social operation. 
The master switch is of the usual mechani 

cal design and advances to preselect trunks. 
under power supplied by the so-called U 
spring shown just below the solenoid of the 
master switch. The master switch is shown 
in the position occupied just after the sole 
noid has operated to align the plungers oppo 
site the tenth trunk line, which is the trunk 
line shown in the drawings. Now, when the 
start relay is operated through the test wiper 
and over conductors 223 and 225, the ground 
control conductor 224 is grounded at the up 
per armature of the start relay so as to main 
tain the relay 304 of the connector operated 
during the master switch operation, and at 
the lower armature of the start relay a circuit 
is closed for the locking relay, whereupon the 
locking relay operates and makes a further 
ground connection to conductor 224 and un 
locks the associated segment, permitting the 
U-spring to advance the master switch to the 
next trunkline. If the next trunkline is idle, 
the start relay falls back immediately, fol 
lowed by the locking relay, stopping the 
master switch on the trunk. If, however, the 
trunk line is busy instead of idle, the test 
wiper of the master switch encounters a 
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ground potential on the test contact of the 
trunk line and the start relay is maintained 
operated, and the advance of the master 
switch continues. 
When an idle trunkline is found, start and 

lock relays fati back, stopping the master 
switch on this tink. With the start, and 
lock relays both deelergized and with ring 
cut-off relay 309 of the connector deenergized 
responsive to the preceding release of the 
connector, the circuit of relay 304 is opened 
and this relay fallis back, reconnecting 
ground to the pull-down conductor 202 (Fig. 
2) through the delay relay 201. The appa 
ratus remains in this position until another 
call is made. 
Assuming now that the master switch has 

advanced step by step until it is now stand 
ing on the first trunk line, and that a con 
nection is set up involving this trunk line, 
the start relay operates in the heretofore de 
scribed manner upon the release of the con 
nector after the connection has been set up. 
At this time, the trip relay energizes in mul 
tiple with the locking relay through the asso 
ciated finger-controlled contacts, held in en 
gagement by the upper finger of the master 
switch. Upon energizing, the trip relay 
locks the locking magnet to ground at its 
right-hand contacts, and at its inner contacts 
it closes a circuit for the solenoid of the mas 
ter switch, causing the master switch to be 
operated in a clockwise direction. The cir 
cuit of the trip relay is opened as soon as 
the master switch starts to move, but the 
springs remain mechanically locked in their 
operated position by the locking spring con 
trolled by the lower finger of the master 
switch, which is now out of engagement with 
such locking spring. 
When the master switch reaches the posi 

tion shown in the drawings, the lower finger 
of the master switch unlocks the mechani 
cally-locked springs of the trip relay, per 
mitting them to open the locking relay and 
master switch operating circuit. If this 
trunk is idle at this time, the start relay is 
not operated and the locking magnet falls 
back. 

Outgoing calls 
It will be assumed now that the subscriber 

at substation. A desires to converse with a 
subscriber whose line terminates in the main 
exchange. The procedure is for the calling 
subscriber to remove his receiver and dial 
the number of the desired main-exchange 
line, preceded by the digit 0 which is 
necessary to extend his line to a trunk line 
leading to the main exchange. 
When the receiver is removed, the line 

switch LS1 operates in the heretofore de 
scribed manner and seizes a trunk line, the 
one shown in the drawings and comprising. 
conductors 226-229, for example. When 

7 

this occurs, the connector and other appa 
ratus shown in Fig. 3 respond as hereinbefore 
described. 
When the calling subscriber dials the pre 

liminary digit 0, ten impulses of current are 
delivered to vertical magnet 317, whereupon 
the wipers 322-325 are raised step by step 
until they come to rest opposite the tenth 
level of bank contacts. When the switch 
shaft carries the wipers up to the tenth level 
(the “0” level), the “O’-level shaft springs 
313 are closed, operating relay 303 from the 
grounded condenser 220 by Way of contacts of 
relays 303 and 301 and the “0”-level contacts 
313. Conductor 220 is grounded by way of 
conductor 228 and the corresponding contacts 
of the lineswitch LS1. Relay 303 operates 
and at its middle upper armature removes the 
short circuit from around the winding of re 
lay 301 and extends the grounded conductor 8. 
220 by way of the eleventh-rotary-step 
spring 314 and its right-hand contact, inner 
upper armature, operated, of the relay 308, 
and the interrupter contacts 321 to step 
ping relay 310. This circuit is completed it 
just at the end of the last vertical step and 
while the slow-acting relay. 308 is still en 
ergized in multiple with vertical magnet 317. 
Stepping relay 310 operates over this circuit 
and locks itself to conductor 370 at its inner 
upper armature, at the same time preparing 
a circuit for rotary magnet 319 at its lower 
armature. Relay 301 energizes in series 
with relay 303 responsive to the removal 
of the short circuit, from around relay 301 by 
relay 303, and removes the shunt from around 
resistance 320 in the cut-off lead. Inciden 
tally, relay 301 locks itself at its inner upper 
armature to battery through the inner upper 
contacts of relay 306 and the associated re 
sistance, thereby shunting this resistance 
around relay. 303, but this operation has no 
particular effect at this time. 
When the slow-acting relay 308 falls back, 

it opens the initial circuit of relay 310 at its 
inner upper armature and completes the cir 
cuit of the rotary magnet through the lower 
armatures of relays 310 and 312. Relay 310. 
remains locked up at its inner upper arma 
ture to conductor 370 so as to maintain the ro 
tary magnet circuit closed. Responsive to 
the energization of the rotary magnet 319, the 
wipers 322-325 are rotated into engagement 
with the first set of bank contacts in the 
tenth level. Relay 311 is energized in 
parallel with the rotary magnet, and trans 
fers test wiper 323 to the circuit of stepping 
relay 310 at its inner upper armature. Near 
the end of its stroke, rotary magnet, 319, at 
contacts 321, opens the circuit of relay 310, 
whereupon relay 310 falls back and opens the 
rotary magnet circuit, causing the rotary 
magnet to fail back and close contacts 321 
Sall. 
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set of contacts in the tenth level is busy, 
ground potential is encountered on the tenth 
contact of said trunk line by wiper 323, oper 

Relay 
310 again operates magnet 319, causing the 
wipers to take another step. This alternate 
operation is repeated as long as the wiper 323 
engages bisy contacts, and if all the trunk 
lines are busy the operation continues until 
the wipers have been advanced to the 
eleventh-rotary-step position, operating 
spring 314, which opens a point in the rotary 
magnet circuit, and connects the grounded 
spring to the circuit of relay 310 through con 
tacts 321, maintaining relay 310 operated so 
as to send back the interrupted busy signal 
from the tone relay 368 after relay 311 falls 
back, as hereinbefore described. The 
eleventh-rotary-step contacts above and 
slightly to the left of relay 301 operate to 
shunt resistance 320 so that the battery-feed 
relay of the trunkline may operate over con 
ductor 222 in case the calling subscriber does 
not hang up, but Waits until after the switch 
through operation occurs responsive to the 
above-described operation of ring-cut-off 
relay 309 in position 5 of the timing switch. 
Assuming now that the trunk line extend 

ing from the “0”-level bank contacts shown 
in the drawings through terminals 256-257 
to the lineswitch LS2 is found to be idle, 
wiper 323 does not encounter ground poten 
tial on the corresponding contact thereof and 
relay 310 does not energize again after the 
wipers have come to rest on the contact set. 
in this case, the deemergization of the slow acting multiply relay 311 is followed by the 
energization of relay 312 through its upper 
winding, over the conductor extending 
through terminal 256 and the corresponding 
ly numbered terminal of Fig. 2, conductor 
127, and the busy lamp shown in Fig. 1 to 
battery. The busy lamp becomes lighted 
and relay 312 operates, performing the func 
tions described hereinbefore. With relay 
303 operated, the closing of the locking cir 
cuit for the lower winding of relay 312 closes 
a multiple circuit for the lower winding of 
relay 309 through the upper contacts of relay 
303. Relay 309 thereupon operates and per 
forms the functions hereinbefore described 
including the grounding of the pull-down 
wiper 324 to cause the lineswitch on the 
called trunk to operate and grounding the 
cut-off lead 222 at its inner upper armature. 
When wiper 324 is grounded, a circuit is 

closed through terminal 257 for the pull 

60 

down winding 211 of the lineswitch LS2, op 
erating the lineswitch to disconnect the line 
relay 209 and to make connection with the 
trunk line comprising conductors 226-229. 
The springs of the plunger arms 212 connect 
up the grounded B. C.O. (bridge-cut-off) 
conductor 126 to the B. C. O. Winding 210 so 
as to hold the lineswitch operated. When 

switch LS1 operated. 
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ground is placed on conductor 222, it is ob 
tained through the resistance 320 on account 
of the fact that relay 301 is now energized, 
and, although relay 218 of the trunk is able to 
energize and lock itself to conductor 227, the 
marginally adjusted line relay 217 does not 
energize when the operating conductor is ex 
tended to it because of the presence of the re 
sistance 320 in series with the conductor, 
Consequently, the battery feed is not connect 
ed up locally and the calling subscriber is 
thereby enabled to operate the switches in the 
main exchange directly by his calling device, 
as will be subsequently pointed out. 
With the lineswitches LS1 and LS2 both 

operated, the bridge of substation A across 
the line thereof is effective in producing a 
current flow over conductors 125 and 129 (as 
sociated with the lineswitch LS2) and 
through the local trunk line conductors 226 
and 229. Conductor 129 is connected to 
ground in the trunk circuit TC through con 
tacts of relays 116 and 117, and conductor 125 
is connected to battery in the main exchange 
through contacts of relay 117 in the trunk 
circuit TC, relay 114 of the trunk circuit TC, 
contacts of switching relay 102 of the line 
switch LS at the main exchange, and line re 
lay 101. Series relay 114 operates in this 
conection in series with line relay 101 and 
closes a circuit for release relay 115, where 
upon relay 115 places a ground potential on 
release trunk conductor 127 so as to main 
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tain the inter-exchange trunkline busy to the 
connector. Abranch connection exists through 100 
the upper contacts of relays 119 and 120 to 
the B.C. O. conductor 126, holding ground 
being thereby extended through contacts of 
the lineswitch LS2 to the release conductor 
227 of the local trunks, maintaining relay 218, 105 
of the trunk and the winding 204 of the line 

This operation of re 
lay 115 occurs, of course, before the release of 
the connector, initiated by the action of relay 
218 in disconnecting the talking conductors ll0 
of the trunkline from conductors 219 and 221, 
takes place. 

Relay 116 operates over the lower talking 
conductor and through its own contacts and 
those of relay 115, and locks itself to ground ill5 
locally, at the same time switching the lower 
talking conductor through and removing 
ground from the right-hand section thereof. 
In the main exchange, the operation of line 

relay 101 results in an idle trunk being select- 120 
ed in the usual manner by the lineswitch LS, 
this lineswitch being operated by the self 
interrupting magnet 103 under the control of 
test wiper 105. When an idle trunk line is 
reached, relay 102, which is short-circuited by 125 
the ground potential encountered by wiper 
105 during the operation of the lineswitch, is 
no longer short-circuited and energizes in 
series with the relatively low resistance mag 
net and switches the connection through to 130 
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the wipers 104-106. Line relay 101 is discon 
nected, and the connection is extended 
through the line relay of the associated selec 
tor, which operates the associated release re 
lay to ground the release trunk conductor of 
the selector, thereby closing a holding circuit 
for relay 102 before the slow-acting relay 101 
has had time to fall back. O 
In the branch exchange, the master switch 

is caused to advance in the hereinbefore-de 
scribed manner when relays 307 aid 309 have 
both fallen back, and another idle trunk line 
is preselected, leaving the connection estab 
lished from the line of substation. A to the 
main exchange through the lineswitches LS1 
and LS2 and the trunk line TL. - 
The subscriber at substation. A now dials 

the various listed digits in the number of the 
desired subscriber, whereupon the main ex 

a change switching mechanism operates to com 
plete the connection in the usual manner. 
When the subscriber at substation. A re 

places his receiver after conversation, the 
main exchange connection is released in the 
tisual manner and the series line relay 114 
in the trunk circuit TC falls back and opens 
the circuit of release relay 115. Release re 
lay 115 falls back after a slight interval and 
removes ground from conductor 127, where 
upon the line switches LS1 and LS2 release 
and cut-off relay 218 falls back. 
Attempted main eachange call from restricted 

line - 

It will now be assumed that a local sub 
scriber who is not entitled to make main ex 
change calls attempts to make a call to the 
main exchange. For the purpose of explana 
tion it will be convenient to assume that the 
line of substation A is changed from the un 
restricted to the restricted class by removing 
the jumper associated with the lineswitch 
spring which contacts with the bank con 
tact connected with discriminating conduc 

In this case conductor 228 is not 
grounded when the lineswitch LS1 is op 
erated upon the removal of the receiver and 
conductor 220 of the connector is therefore 
not grounded. Now when the digit 0 is 
dialled, relays 301 and 303 operate in series 
through contacts 313, and relay 303 extends 
conductor 220 through contacts of the still 
operated slow-acting relay 308 and inter 
ripter contacts 321 to stepping relay 310. Re 
lay 303 places a ground potential on con 
ductor 220 from the grounded conductor 223 
through resistance 302 so as to operate relay 
310. Relay 310 operates through resistance 
302 and locks itself to conductor 370. Then, 
when relay 308 falls back to start the rotary 
movement, it transfers conductor 220, at its 
upper almature, to the rotary magnet 319 
through contacts of relays 310 and 312. Ro 
tary magnet 319, however, will not operate 
through resistance 302, and relay 310 remains 

operated, giving the calling subscriber a busy 
signal in the hereinbefore described manner. 
The connector is released by the calling sub 
scriber or by the timing device in case the 
calling Subscriber does not hang up. 
... Incoming call from main eachange 
ASSuime that the trunk line TL is seized in 

the main exchange over conductors 107-109 
by a connector Switch of the usual type. 
When this is done, 

ground on private-normal conductor 108, op 
erating relay 102 sufficiently to cause its up 
per armature springs to move out of engage 
ment with their resting contacts, but the re 
lay does not operate sufficiently to cause the 
wipers to be connected up owing to the usual 
mechanical interlocking arrangement (not 
shown) between the armature of relay 101 
and the armature of relay 102. 
Make-busy relay 111, which is bridged 

across the trunk-line conductors through con 
tacts of relay 115 and in series with the high 
resistance 110, energizes from the battery po 
tential Superimposed on the ringing circuit 
(not shown), so as to make the trunkline busy 
in the branch exchange by grounding con 
ductor 127, no matter whether the connec 
tion is made to the trunkline during the ring 
ing period or during the silent period. The 
high resistance 110 limits the current flow to 
such a value that the ring-cut-off relay (not 
shown) will not operate. 
When ringing current is sent over the talk 

ing conductors of the trunk line TL by the 
connector, it operates the ring-up relay 112 
of trunk circuit TC, whose lower winding is 
bridged across these conductors through the 
associated condenser, lower contacts of relay 
112, and the lower contacts of release relay 
115. Upon operating, relay 112, at its upper 
armature, closes a locking circuit for itself 
through contacts of relay 118. At its lower 
armature, it removes its lower winding from 
in bridge of the talking conductors, and, at 
its inner lower armature, it operates relay 
113, which makes a second ground connec 
tion to conductor 127. The second connec 
tion to conductor 127, at the upper contacts 
of relay 113, is of utility during the ring 
ing period, as it maintains conductor 127 
grounded uninterruptedly, even though re 
lay 111 flutters responsive to the ringing cur 
reint. 
As a further result of its operation, relay. 

113 closes a circuit for the call lamp at the 
attendant's switchboard at its inner upper 
armature through contacts of relay 118, and 
at its lower armature it makes certain circuit 
changes so that the ring-cut-off operation to 
be later performed in the calling connector 
will be controlled over a loop. circuit with 
out any 
talking conductors. . 
When the attendant notes the lighted con 
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dition of the call lamp shown below the trunk 
circuit TC, she removes the receiver from 
the attendant's telephone, Fig. 4, which is 
common to a number of trunk circuits such 
as TC, thereby supplying a ground potential 
through relay 401 to conductor 137 and 
through contacts of the relay to pick up con 
ductor 136. The talking circuit of the tele 
phone is bridged across the associated talk 
ing conductors. The operator now throws 
the combined release and connect key, indi 
vidual to the trunk circuit TC into connect 
position, thereby extending ground from 
pick-up conductor 136 to the lower winding 
of connecting relay 117. Relay 117 operates 
and locks itself through its upper winding 
and through the inner upper contacts of re 
lay 120 to the common holding conductor 
137. Guard relay 401, Fig. 4, now operates 
in series with the upper winding of relay 117, 
Fig. 1, and disconnects ground from pick 
up conductor 136, thereby preventing the 
operator from operating another connecting 
relay such as 117 until such time as the op 
erator disconnects by hanging up her re 
ceiver or releases the connection by throwing 
the combined release and connect key into 
release position. . . 
The operator restores the key after she 

has operated it momentarily, leaving relay 
117 locked up as above mentioned. With re 
lay 117 operated, it will be noted that the 
talking circuit is split and that conductors 
125 and 129 extending to the lineswitch LS1 
are connected to common conductors 133 and 
134, and that the main-exchange talking con 
ductors are connected at the upper and lower 
armatures of the relay to common conductors 130 and 131. Relay 113 being operated at 
shis time, conductor 131 is joined to the lower main-exchange talking conductor through 
the lower armature of relay 117 and the 
lower armature, operated, of relay 113. 
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Upon reference to Fig. 4, it will be noted 
that the common talking conductors 130 and 
131 are joined through contacts of the dial 
key to conductors. 133 and 134 and that the 
joined talking conductors are bridged by the 
impedance 402 and by the talking bridge of 
the attendant's telephone. The usual ring 
cut-off operation is now performed in the 
calling connector responsive to current over 
the upper talking conductor through relay 
114, through impedance 402 and the attend 
ant's telephone in parallel, and back over the 
lower talking conductor. At the same time, 
the usual ring-cut-off relay of the seizing 
connector responds so as to disconnect. The 
usual talking-current-supply connections are 
substituted for the ringing connections. 
Relays 114, 115, and 116 pull up one after 

the other (as in the hereinbefore-described 
outgoing call) as relay 114 receives current 
in series with the left-hand section of the 
upper talking conductor. 
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As a further result of the operation of con 
necting relay 117, it operates holding relay 
118 at its inner lower armature, whereupon 
relay 118 operates and locks itself at its in 
ner lower armature through the lower con 
tacts of release relay 120. At armature 141, 
relay 118 prepares a circuit for line relay 
209 of the lineswitch LS2; it prepares a cir 
cuit for the supervisory lamp of the trunk 
circuit at its upper armature; and it extin 
guishes the call lamp at its inner upper arma 
ture by removing the shunt from around the 
resistance associated with armature 122 of 
the operated connect relay 117. 

Having caused her position equipment to 
be connected with the trunk circuit TC in the 
above manner, the operator learns the de 
sired number from the calling subscriber and 
then throws her dial-in key, shown in Fig. 4, thereby disconnecting the impedance 402 and 
the extended main exchange talking con 
ductors 130 and 131 from the extended branch 
exchange talking conductors 133 and 134, 
leaving her telephone bridged across conduc 
tors 133 and 134. At the upper contacts of 
the key, ground is placed on conductor 132, 
closing a circuit through armature 141 of 
relay 118, lower contacts of relay 119, con 
ductor 128, and the lineswitch cut-off contacts 
for line relay. 209. Relay 209 pulls up and 
operates the lineswitch to seize a trunk line, 
the trunk line comprising conductors 226 
229 for example. Responsive to the operation 
of the lineswitch, the B. C. O. winding 210 is 
energized as a holding winding through the 
associated contacts of the lineswitch from 
the ground potential placed on conductor 126 
in the trunk circuit TC through the upper 
contacts of relays 119 and 120 from the 
grounded conductor 127. As a further result 
of the operation of the lineswitch, the 
grounded conductor 126 is extended through 
the bank of the lineswitch to release trunk 
conductor 227, thereby making the trunk busy 
in the master Switch bank and closing a cir 
cuit over conductor 223 and contacts of relays 
307 and 309 of the connector for the start 
relay of the master switch over conductor 225. The start relay, being stifly adjusted. 
as in common practice, does not operate at 
this time owing to the fact that its circuit is 
shortly opened at the contacts of relay. 307 
which energizes responsive to the operation 
of relay 306 on account of line relay 305 
energizing over conductors 219 and 221 
through the attendant's telephone which is 
now connected to the incoming talking con 
ductors 125 and 129 as above pointed out. 
In case difficulty is experienced in preventing 
the start relay from energizing, its circuit 
may be altered to include an added pair of 
normally closed contacts on delay relay 201. 
The operator now dials the digits in the 

desired number, whereupon the conductor is 
set on the line of the called subscriber, the 
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line of substation. A for example, in which 
case the substation A is signalled by ringing 
current, after which the lineswitch LS1 is 
operated through wiper 324 of the connector 
and through terminal 253 when the ring 
cut-off relay 309 operates. Ground is placed 
on cut-off conductor 222 at the inner upper 
contacts of ring-cut-off relay 309 to operate 
relay 218, Fig. 2, through the cut-off wiper 
of the master switch, but battery-feed relay 
217 is not operated at this time owing to the 
fact that the resistance 320 is inserted into 
the circuit owing to the previous operation 
of relay 301 over conductor 220 from the bat 
tery connection supplied at the contacts of 

... the lineswitch LS2 for that purpose. Relay 
301 is locked at this time through its own 
contact and the inner lipper contacts of relay 

4. 

5. 

6. 

306 to the associated resistance, and its initial 
circuit is opened. The result of this is that 
the battery supply for talking purposes 
comes to the called substation. A from the 
main exchange rather than from the branch 
exchange, this being in accordance with Well 

; established practice. 
In case the operator, during the setting 

up of a local connection, discovers that she has made a mistake in dialling, or, for any 
other reason, wishes to release the connector 
and start over again, she presses the release 

ductor 126 at the upper contact of relay 120. 
lower contacts of the key and grounding coll 
in key, Fig. 4, opening the line circuit at the 
ductor 135 at the upper contacts of the key 
so as to operate the release-in relay 119, Fig. 

{ 1, through armature 123 of relay 11. Relay 
119 disconnects ground from the lineSwitch 
private normal conductor 126 at its upper 
armature and opens a point in the line relay 
circuit at its lower armature. When the key 
is released, the restored lineswitch reoperates 
and the connector is prepared for operation 
as hereinbefore explained. 
Having dialled the local number, the oper 

ator restores the dial-in key, reconnecting the 
iwo sections of the talking circuit together so 
that the subscribers may converse. 

After listening in, either before or after 
restoring the dial-in key, to make sure that 
the desired subscriber has responded, the op 

- erator replaces the receiver on her telephone, 
opening the locking circuit of the upper 
winding of connecting relay 117 of the trunk 
circuit TC. Relay 117 falls back and con 
nects the two talking sections together and 
disconnects the operator's talking conductors. 
At its armature 122, relay 117 opens the cir 
cuit of relay 112, whereupon relays 112 and 
113 fall back. - 

Relay 111 is now bridged across the talk 
ing conductoirs through contacts of the op 
erated relay 118 and contacts of the non 
operated relays 117 and 113 so as to hold the 
condition of answered supervision in the main 
exchange after the branch-exchange subscrib 
er hangs up. This bridge is effective, in case 
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the operator hangs up right after dialling, 
to hold the connector in the branch exchange 
operated until it is released responsive to the 
operation of the timing device or to the re 
sponse of the called subscriber. Relay 118 
remains locked up through its own inner low 
er contacts and the lower contacts of relay 
When the called subscriber replaces his 

receiver at the end of the conversation, line 
relay 114 falls back and opens the circuit of 
release relay 115, which relay falls back and 
lights the supervisory lamp through contacts 
of relay 118. When the calling subscriber 
hangs up, the connector in use releases (un 
less it is of the release-by-last-party type), 

80 

permitting relay 102 to restore and connect. 
upline relay 101 of the lineswitch. Line relay 
101 does not operate at this time, even though 
relay 111 is bridged across the talking con 
ductor of the trunk line owing to the fact 
that there is no operating ground potential 
connected to the lower trunk line conductor. 
When the operator notes the lighted con 

dition of the supervisory lamp, she throws her 
release-connect key in release position, operat 
ing relay 120, bringing about the release of 
relay 118. The lineswitches LS2 and LS1 re 
lease and relay 218 falls back responsive to the 
removal of ground potential from the con 
The entire connection is now released and 

the apparatus involved therein is in readiness 
to be used in setting up further connections. 

Setting up a tail-to-tail connection. 
It will now be assumed that the subscriber 

at substation A. desires to converse with a 
main-exchange subscriber and that he wishes 
the attendant to set up the connection and 
notify him when it is ready. In order to get 
in touch with the attendant, the subscriber at 
substation. A dials the number assigned to: 
one or the other of the “information’ trunks, 
Fig. 4, whereupon the lineswitch associated 
with such trunk is caused to operate to con 
nect such trunk with the calling line. Assum 
ing that the number of information trunk it 
is dialled, and that this trunk is idle at the 
time and is accordingly seized, the call lamp 
associated there with is operated over the pri 
vate normal conductor in parallel with the 
bridge-cut-off winding of the lineswitch, cor 
responding to winding 204 of the lineswitch 
LS1. . . . . . 
Upon noting the lighted condition of the 

call lamp, the operator responds by momen 
tarily operating the answering key associated 
with relay 403, whereupon relay 403 operates 
through the switchhook contacts of the at 
tendant telephone and through contacts of 
relay 401 and locks itself in series with the 
said relay. Relay 403 disconnects the private 
normal conductor from the call lamp and 
connects it to ground instead, although the 
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latter is not essential as the connection is 
being held up by the battery-feed relay of the 
trunk in use, corresponding to battery-feed 
relay 217, Fig. 2. At its upper and lower con 
tacts, relay 403 connects the conductors of the 
information trunk to the operator's talking 
circuit, enabling the attendant to converse 
with the calling subscriber. Upon being in 
formed as to the calling subscriber's desires, 
the operator replaces the receiver on the as 
sociated telephone, whereupon relay 403 falls 
back. The connection set up from the line of 
substation A is released when the calling sub 
scriber hangs up. 
In order to complete the connection to the 

desired main-exchange subscriber, the oper 
ator removes the receiver from her telephone 
and observes the busy lamps associated with 
the various trunk circuits such as the trunk 
circuit TC, and throws the connect key of an 
idle one, the one of trunk circuit TC for ex 
ample, whereupon relays 117 and 118 oper 
ate as before described, and relay 117 con 
nects the two sections, respectively, of the 
trunk to the operator's set over conductors 
130 and 131, and conductors 133 and 134. 
When the bridge across conductors 130 and 
131 is placed across the trunk conductors 
extending to the main-exchange, there is a 
ground potential encountered by conductor 
131 through contacts of the operated relay 
117, and contacts of the unoperated relays 
113 and 116. This ground potential is trans 
mitted over conductor 131 and through im 
pedance 402, Fig. 4, to the upper trunk con 
ductor over conductor 130, to operate the line 
relay 101 of the lineswitch LS in the main 
exchange. Relays 114 and 115 are operated, 
as before. 

the lineswitch LS, ground potential 
through the lower winding of the line relay 
of the selector is placed on the lower talking 
conductor of the trunk line TL operating 
relay, 116 through its own inner lower con 
tacts, contacts of relay 113, and armature 142 
of relay 118. Upon operating, relay 116 locks 
itself energized independent of the lower 
talking conductor and joins the lower talk 
ing conductor of the trunk line TL to the 
lower left-hand talking conductor 129, at the 
same time removing the local ground connec 
tion from the lower talking conductor. 

In order to be able to operate the main 
exchange switches to set up the connection to 
the called line, the operator throws her dial 
out key, connecting conductors 130 and 131 
to her telephone and disconnecting conduc 
tors 133 and 134 therefrom. Following this, 
the attendant manipulates the calling de 
vice on her telephone in accordance with the 
digits in the desired number, causing the 
connection to be set up to the desired line 
in the usual manner. Assuming that 
the called line is idle and that the sub 
scriber responds to the call, the attendant in 

When an adle selector is seized. 
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forms him that the subscriber at substation 
A desired to gonverse with him and requests 
him to Wait a moment while she completes 
the connection. 
The operator thereupon releases her dial 

out key, throws her dial-in key, causing the 
lineswitch LS2 to operate in the manner de 
scribed heretofore, and dials the number of 
the subscriber at substation A, whereupon the 
connection is extended to his line in the man 
ner hereinbefore described. It will be noted 
that the impedance winding 402 associated 
with the dial key, Fig. 4, is placed across con 
ductors 130 and 131 so as to hold the main 
exchange connection while the operator is 
dialling the local number of the subscriber 
at substation A. 
From this point on, the connection is han 

dled in the manner described hereinbefore in 
connection with the description of the han 
dling of an incoming call. 

The code call equipment 
In explanation of the code call equipment 

shown in Fig. 5, it may be pointed out that 
in a private establishment it often happens 
that there are a number of employees who are 
called quite frequently and whose work 
causes them to be often away from their tele 
phones. 
such persons, the code call arrangement has 
been devised. It will now be described how 
the code call arrangement operates in the 
present system. 
Assuming now that a local subscriber has 

called, is unable to reach a code-assigned sub 
scriber at his telephone, and that he desires 
to use the code call equipment, the calling sub 
scriber removes his receiver and dials the 
code-call number 30, followed by the particu 
lar code digit assigned to the person in ques 
tion. Assuming that the calling subscriber is 
the one at substation A, Fig. 2, the removal 
of the receiver results in the operation of 
lineswitch LS1 to seize a trunk line, the one 
shown in the drawing for example. The com 
mon connector shown in Fig. 3 is prepared 
for operation in the usual manner; is raised 
up with the third level of bank contacts when 
the first digit 3 is dialled; and is rotated into 
engagement with the tenth set of bank con 
tacts in the third level, Fig. 5, when the 
second digit 0 is dialled. The contacts asso 
ciated with resistance 320 and labelled “30’ 
and “00” are separated at this time by the 
usual cam arrangement on the shaft of the 
switch, thereby inserting the associated re 
sistance 320 into circuit with the switching 
conductor 222 so as to prevent the subsequent 
operation of the battery feed relay 217. As 
suming that the code call number is idle at 
this time, switching relay 312 of the connec 
tor pulls up in the usual manner over test 
wiper 323 through the bridge-cut-off winding 
of the lineswitch LS4. Responsive to the 
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pulling up of relay 312 the usual locking cir 
cuit is closed for the lower winding thereof 
from conductor 370 and a parallel circuit 
is now closed for the lower winding of ring 
cut-off relay 309 through the associated cam 
springs labelled “30” and “00”. Relay 309 
operates and places a ground potential on 
wiper 324 thereby closing a circuit through 
the said wiper and the bank contacts on which 
it is standing for the pull-down winding of 
the lineswitch LS4, operating the lineswitch 
LS4 to extend a connection to the same trunk 
line with which the lineswitch LS1 is con 
nected. Cut-off relay 218, Fig. 2, is operated 
in the usual manner, but the marginal relay 
217 is not operated owing to the fact that re 
sistance 320is inserted in circuit at this time 
by the associated cam springs as above point 
ed out. 

Line relay 501 of the code selector now 
operates over the associated talking conduc 
tors and the corresponding conductors of 
the trunk line in use by the lineswitches LS4 
and LS1 and over the line of substation A 
and closes a circuit for the associated release 
relay 502 which operates and places ground 
on the associated release trunk and private 
normal conductor so as to hold up the two 
lineswitches and cut-off relay 218. This 
ground potential is placed on this conductor 
prior to the removal of ground potential 
therefrom through wiper 323 of the connec 
tor. Relay 502 also prepares the code selec 
tor for operation at its lower armature. 
When the calling subscriber dials the code 

digit assigned to the particular desired per 
son, line relay 501 falls back a corresponding 
number of times and operates the rotary 
magnet of the code selector each time it falls 
back. Relay 503 operates in parallel with 
the rotary magnet when the first impulse is 
received, and, being slow-acting, remains op 
erated through the series of impulses. When 
relay 503 falls back at the end of the digit it 
closes a circuit through contacts of relay 
504 and through off-normal contacts O. N. 
for starting the motor of the code generator 
and for supplying a ground potential 
through the cam contacts of the generator to 
the various bank contacts. The motor now 
operates the cam contacts to generate their 
respective codes in the usual manner and the 
selected code is supplied through wiper 507 to 
the code bells through the contacts on which 
wiper 507 is standing. 
Assuming that the person called fails to 

respond, the calling subscriber replaces his 
receiver whereupon line relay 501 falls back 
followed shortly by the deemergization of 
relay 502 to permit the release of the connec 
tion when it removes ground from the asso 
ciated release-trunk conductor. 
When the desired person hears his code 

being broadcast throughout the plant, he 
proceeds th the nearest, telsahaie, irid, after 
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removing the receiver and obtaining control 
of the connector in the usual manner through 
the operation of the lineswitch on the tele 
phone in use, dials the code-answering num 
ber “39', whereupon the connector connects 
with the lineswitch LS3. The switching 
relay 312 of the connector is operated at this 
time in series with the B. C. O. winding of 
LS3, and connects up wipers 322 and 325, 
thereby applying ringing current to the line 
conductors of lineswitch LS3. Relay 504, 
Fig. 5, now energizes in series with ring-cut 
of relay 309 of the connector, on account of 
having its lower winding bridged across the 
talking conductors, and closes a locking cir 
cuit for itself to the associated grounded con 
ductor at its inner upper contacts, at the same 
time disconnecting its lower winding from in 
bridge of the talking conductors and remov 
ing ground from the start conductor of the 
code generator as well as operating the re 
lease magnet to restore the wiper 507 to nor 
mal. The circuit of the release magnet is 
opened at the off-normal contacts of the 
switch when the wiper 507 reaches its normal position. 

In the connector, ring-cut-off relay 309 en 
ergizes at the same time that relay 504, Fig. 
5, energizes and it locks itself at its inner 
lower airmature and performs the functions 
hereinbefore described, including the ground 
ing of the cut-off conductor 222 to cause the 
cut-off and battery-feed relays of the trunk 
in use, corresponding to relays 218 and 217, 
Fig. 2, to operate to isolate the trunk and 
to connect up a source of transmitter-supply 
current. 
The conversation now takes place between 

the line of substation A and the line used 
by the called subscriber in answering the 
code call, the switching apparatus included 
in the connection being the lineswitch LS1 
which is plunged in on the trunk compris 
ing conductors 226-229, the lineswitch LS4 
which is plunged on the same trunk, the line 
switch. LS3, and the lineswitch of the answer 
ing line, which is plunged in on the same 
trunk as the lineswitch LS3. 
After the conversation is over, the line 

switch LS3 and the lineswitch of the an 
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Swering line are both released when the an 
swering subscriber replaces his receiver al 
lowing the battery-feed and holding relay 
corresponding to relay 217, Fig. 2, to fall 
back and unground the associated release 
trunk conductor. 
When the subscriber at substation A re 

places his receiver, line relay 501, Fig. 5, 
falls back and again closes a circuit for the 
rotary magnet and relay 503 in parallel, at 
the same time opening the circuit of the slow 
acting release relay 502. A moment later 
relay 502 falls back and opens the rotary 
m?griet circuit and closes the release-magnet 
tisiit, whereupon the wipei: 507 is restöred 
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to its normal position. Relay 502 also un 
grounds the associated release trunk con 
ductor, permitting the lineswitches LS4 and 
LS1 to restore, and permitting the cut-off 
relay 218, Fig. 2, to fall back. 
The branch exchange has been described 

hereinbefore as of one 100-line capacity. The 
circuits of the connector shown in Fig. 3, 
however, have been arranged so that they 
will function in connection with a modified 
bank arrangement when a private automatic 
exchange of this character is arranged for a 
capacity not to exceed fifty lines. 
When the exchange is arranged to have an 

-ultimate capacity of one hundred lines the 
connector of Fig. 3 is provided with a two 
section bank similar to that of the connector 
Switch shown in Fig.169, page 213, of “Teleph 
ony Including Automatic Switching', by 
Smith, published by Frederick J. Drake Com 
pany, Chicago, Illinois. In the connector 
shown in Fig. 3 the upper bank section is 
a 200-contact section like the lower section 
in the publication referred to. . 
Now, when a private automatic exchange 

is installed in a situation wherein it is likely 
that the required capacity will never exceed 
fifty lines, a 200-contact bank of only one 
section may be installed, in which case the two 
wiper sets are adjusted closer together, so that 
when the bottom set is opposite the first bank 
level the top set is opposite the sixth level. 
The bottom wiper set uses the lower half of 
the bank while the upper wiper set uses the 

5 upper half of the bank. 
In this case only five first digits are re 

quired and it is therefore convenient to as 
sign the digits 2 to 6 rather than the digits 
1 to 5, on account of the fact that the digit 
1. is often undesirable owing to the danger 
of preliminary impulses and faulty line con 
ditions giving the effect of the dialling of the 
digit 1 before the dialling operation starts, 
this condition being well known and gener 
ally understood. The wiper sets are therefore 
adjusted so that they will come opposite 
the levels 1 and 6 of the bank when the digit 
2 is dialled and will not extend a connection 
to the talking conductors of any called line 
if raised only one step. The reason is that 
the wipers 322 and 325 of the connector are 
the wipers of the lower set and do not en 
gage with any bank contacts, while the wipers 
323 and 324 of the upper set engage with 
bank contacts in the fifth level, which is the 
upper level of the line contacts and are there 
fore not connected up, being left dead, as 
are the 0-level contacts of wipers 322 and 
325 in Fig. 3. 
. In case the arrangement were used in con 
nection with outgoing trunk lines that re 
quired the line contacts of the bank to be 
connected up, the wipers 322 and 325 would 
then be placed in the upper set and wipers 
323 and 324 would form the lower set. In 
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this case, wiper 323 would not engage a bank 
contact when the first digit is “1” and switch 
ing relay 312 would not operate to connect up 
wipers 322 and 325. 

For many years, it has been standard prac 
tice to assign the digit 0 to trunk lines out 
going from a private automatic exchange, 
for which reason it is desirable to assign the 
digit 0 even in the modified 50-line private 
automatic exchange above described, even 
though the dialling of the digit 6 is sufficient 
to cause the seizure of one of these trunk 
lines. In Fig. 3, it will be noted that the 
circuit of vertical magnet 317 includes con 
tacts of relay 303 which is operated through 
the associated “0” level shaft springs 313. 
When the 100-line private automatic ex 
change is used, the lower contacts of relay 
303 perform no useful function, but, when 
the private automatic exchange, modified as 
above outlined, is used, the springs 313 are 
arranged to operate when the shaft is raised 
six steps, whereupon relay 303 operates and 
opens the circuit of the vertical magnet there 
by preventing the wipers from advancing 
above the outgoing trunk level. 
What is claimed is: 
1. In a telephone system wherein each of a 

plurality of lines is provided with a single 
individual line switch, trunk lines accessible : 
to such line switches, means controlled Cver 
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a calling line for causing the line switch in 
dividual to such calling line to seize an idle 
One of said trunk lines, and means including 
directive switching mechanism normally con 
nected in multiple to each of said trunklines 
controlled over the calling line for causing 
the line switch individual to a desired called 
line to complete a talking connection between 
the calling and the called lines by seizing the 
same trunk line previously seized by the line 
switch individual to the calling line. , 

2. In a telephone system wherein the line 
switches individual, respectively, to subscrib 
ers’ lines are presided over by a single master 
Switch and have access in common to a group 
of trunk lines, means controlled over any 
trunk line after such trunk line has been 
seized by a line switch of a calling line to 
complete a talking connection between such 
calling line and a desired called one of said 
lines, by causing the line switch individual 
to said called line to seize the same trunkline 
previously seized by the line switch of the 
calling line. 

3. In a telephone system wherein the line 
switches individual, respectively, to the lines 
entering the exchange are presided over by 
a common master switch which causes them 
all to normally preselect a. single, idle one of 
a plurality of trunklines accessible thereto 
in common, means for maintaining the master 
switch and the idle line switches at rest when 
a line switch is operated over a calling line 
to seize the preselected trunk, and means con 
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trolled over the calling line and the seized 
trunk line for completing a talking connec 
tion between the calling line and a desired 
called one of said lines by operating the line 
Switch of the called line to seize the sam: 
trunk line. 

4. In a telephone system wherein the line 
Switches individual, respectively, to the lines 
entering the exchange are presided over by 
a common master Switch which causes then 
all to normally preselect a single idle one of 
a plurality of trunk lines, accessible thereto 
in common, means for maintaining the master' 
switch and the idle line Switches at resi, 
when a line Switch is operated over a call 
ing line to seize the preselected trunk, 
means controlled over the calling line 
and the seized trunk line for completing a 
talking connection between the calling line 
and a desired called One of said lines by 
operating the line switch of the called line 
to seize the same trunk line, and means for 
thereupon operating the master switch to 
cause the remaining idle line Switches to pre 
Select another idle trunk line. 

5. In a telephone system, a life having a 
line switch individual thereio, a plurality of 
trunk lines accessible to said line switch, and 
means for operating said line switch to seize 
a preselected idle one of said trunk lines to 
initiate a call outgoing from said line and fo!' 
operating said line switch to seize a particular 
one of said trunk lines to complete a call in 
coming to said line. 

6. In a telephone system wherein each line 
entering a central exchange is provided with 
a line switch individual thereto, a plurality 
of trunks accessible to said line switches in 
common, switching mechanism in the ex 
change, means for operating any line Switch 
either over the line to which it is individual 
or through the said switching mechanism in 
the exchange to seize one of said trunk lines, 
and a master switch common to all said line 
switches for predetermining the trunk lines 
with which the line switches connect so that 
the lines of operated line switches are tele 
phonically connected together in pairs. 

7. In a telephone system wherein switch 
ing mechanism is provided for connecting 
any one of a number of subscribers' lines to 
any one of a plurality of trunk lines, an au 
tomatic connector switch having access to 
all said lines and normally in association with 
said trial lines in common, means for oper 
ating said connector switch over a calling 
line and over one of said trunk lines to ef 
fect a connection between the calling line and 
another line through said trunk line and in 
deleindent of the connector switch, and means 
for thereupon isolating said trunk line from 
said connector switch while leaving the other 
trunk lines in association there with. 

8, in a telephone system, wherein a plu 
rality of trull lines lay be Red by 

i 
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Switching mechanism to any one of a plu 
rality of subscribers’ lines, a single automatic 
connector switch normally connected to each 
of said trunk lines, means for operating said 
connector switch over a calling line and over 
One of Said trunk lines to complete a connec 
tion, and means for thereupon disconnecting 
said trunk line from the connector switch, 
leaving the remaining trunk lines connected 
thereto. 

9. In combination, a plurality of telephone 
lines, an automatic connector switch having 
-access thereto, a plurality of trunklines each 
normally connected to sad connector switch, 
and non-numerical switching means for con 
necting any calling one of the first-mentioned 
lines to any one of said trunklines. 

10. In combination, a plurality of tele 
phone lines, an automatic connector switch 
having access thereto, a plurality of trunk 
lines each normally connected to said con 
nector Switch, and non-numerical switching 
means Operative to connect any calling or 
any called one of said lines to any one of said 
trunk lines. 

11. In a telephone system, an automatic 
connector Switch, a trunk line normally con 
nected thereto, means for extending a calling 
line to Said trunk line, means controlled over 
the calling line for operating said connector 
Switch into association with a called line, 
Jaeans for completing a connection between 
the calling and called lines over a circuit, 
path independent of the connector, a cut-off 
relay individual to said trunkline, and means 
effective upon the said completion of the con 
nection for operating said cut-off relay to 
isolate said trunk line from said connector 
switch. 

12, in a telephone system, an automatic 
connector Switch, a trunk line normally con 
lected thereto, means for extending a calling 
line to said trunk line, current-supply con 
nections in said connector switch for supply 
ing transmitter current to the calling line, 
means controlled over the calling line for 
Operating said connector switch into associa 
tion with a called line, means for completing 
a connection between the calling and called 
lines over a circuit path independent of the 
Connector, a cut-off relay individual to said 
trunkline, means effective upon the said com 
pletion of the connection for operating said 
cut off relay to isolate said trunk line from 
said connector Switch, a current supply re 
lay in said trunk line, and means for con 
necting Such relay to the trunk line to sup 
ply transmitter current after the trunk line 
has been disconnected from the connector. 

13. In a telephone system, an automatic 
connector Switch, a trunk line normally con 
nected thereto, means for extending a call 
ing line to said trunk line, means controlled 
over the calling line for operating said con 
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mector switch into association with a called 
line, means for completing a connection be 
tween the calling and called lines over a cir 
cuit path independent of the connector, trans 
mitter supply connections in said trunk line, 
and means effective upon the said comple 
tion of a connection for disconnecting said 
connector switch from said trunk line and 
for closing said transmitter supply connec 
tions. 

14. In a by-pass telephone system wherein 
a single connector is normally connected in 
multiple to each of a plurality of trunk lines 
and is arranged to be temporarily used by 
any one of them to control the operation of 
the switching mechanism which completes 
the talking connections, a timing device, and 
means controlled by the timing device for 
freeing the connector from a trunkline auto 
matically in case the normal operation of the 
connector has not been completed over the 
trunk line before a predetermined time has 
elapsed. - 

15. In a by-pass telephone system wherein 
a single connector is common to a plurality 
of trunk lines and is arranged to be tempo 
rarily used by any one of them to control 
the operation of the switching mechanism 
which completes the talking connections, a 
timing device, means controlled by the tim 
ing device for freeing the connector from a 
trunk line automatically in case the normal 
operation of the connector has not been com 
pleted over the trunk line before a prede 
termined time has elapsed, and means effec 
tive in case the setting operation of the con 
nector is completed within the allowed time 
interval for restoring said timing device and 
for reoperating it to control the application 
of ringing current to the called line. 

16. In a by-pass telephone system wherein 
a single connector is common to a plurality 
of trunk lines and is arranged to be tempo 
rarily used by any one of them to control 
the operation of the switching mechanism 
which completes the talking connections, a 
timing device, means controlled by the tim 
ing device for freeing the connector from a 
trunk line automatically in case the normal 
operation of the connector has not been com 
pleted over the trunk line before a predeter 
mined time has elapsed, means effective in 
case the setting operation of the connector 
is completed within the allowed time inter 
val for restoring said timing device and for 
reoperating it to control the application of 
ringing current to the called line, and means 
effective upon the response of the called sub 
scriber for causing the connector to be freed. 

17. In a by-pass telephone system wherein 
a single connector is common to a plurality 
of trunk lines and is arranged to be tempo 
rarily used by any one of them to control 
the operation of the Switching mechanism 
which completes the talking connections, 
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means effective upon the response of the 
called subscriber for causing the connector 
to be freed, a timing device, and means effec 
tive and controlled by the timing device in 
case the called subscriber does not respond 
within a predetermined time for releasing 
the connector nevertheless. 18. In a telephone system, lines, means for 
Setting up connections thereto, means for im 
mediately making a relatively short applica 
tion of ringing current to any called line to 
attract the attention of the called subscriber, means for making a substantially longer ap 
plication of ringing current to the called line 
a moment later to enable the particular sub 
scriber called to ascertain that his telephone 
is ringing and not another which may be lo 
cated nearby, and means for preventing any 
further applications of ringing current to 
the called line. 

19. In a telephone system wherein the sub 
stations may be physically located relatively 
closetogether, a central exchange, means at the 
central exchange for making a connection to 
the line of any one of said substations, means for immediately making a short application 
of ringing current to the called line to attract 
attention, means for making a substantially 
longer application of ringing current to the 
called line a moment later so as to enable the 
called telephone to be readily located, and 
means for preventing any further applica 
tions of ringing current to the called line. 

20. In a telephone system wherein connec 
tions between calling lines and called lines 
are set up by non-numerical switching mech 
anisms under the control of a numerical 
switching mechanism common to the several 
lines, certain of said lines being subscriber 
lines, certain other of said lines being trunk 
lines, said subscriber lines being divided into 
two classes, a restricted and non-restricted 
class, and means located in the common nu 
merical switch and controlled from the indi 
vidual calling lines for preventing the set 
ting up of connections from lines of the re 
stricted class to said trunk lines while per 
mitting calls of this nature from the non-re 
stricted lines. 

21. In a telephone system wherein connec 
tions between calling lines and called lines 
are set up by non-numerical switching mech 
anisms through local links and under the con 
trol of numerical switching mechanism nor 
mally connected to each of the several links, 
certain of said lines being subscriber lines, 
certain other of said lines being trunk lines, 
transmitter-current supply connections asso 
ciated with each local link, means effective 
upon the completion of a connection for dis 
connecting the link in use from the numeri 
cal switching mechanism and for closing the 
transmitter-supply connections, and means 
controlled by said numerical switch for pre 
venting the closing of the transmitter-supply 
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connections in case the call is from or to one 
of said trunk lines, while permitting the link 
in use to be disconnected from the numerical 
switching mechanism. - 

22. In a telephone system wherein connec 
tions are set up through an automatic con 
nector switch common to a plurality of lines, 
means for extending a connection from a call 
ing one of said lines to said connector switch, 
a tone-current-supply lead extending to said 
connector switch, and means for supplying 
tone current of one character to the calling 
line over said lead and through connector 
switch when connection is made to the con 
nector switch from a calling line to indicate 
to the calling subscriber that he may operate 
the connector switch, and for supplying tone 
current of a different character to the calling 
line over said lead and through said connec 
tor responsive to a busy condition of a called 
line to indicate such condition to the calling 
subscriber. 

23. In a telephone system wherein a trunk 
line extending between a first exchange and 
a second exchange is divided into two Sec 
tions in the first exchange as regards one talk 
ing conductor thereof, the first exchange side 
of said one talking conductor being normally 
grounded, while the inter-exchange portion 
of such conductor is normally ungrounded, 
means in the first exchange for placing a 
bridge across the talking conductors of the 
trunkline to originate a call to the second ex 
change under one condition and to answer a 
call from the second exchange under another 
condition, and switching means controlled re 
sponsive to the receipt of ringing current in 
the first exchange from the second exchange 
by way of said trunk line for automatically 
causing the bridge to be placed across the 
undivided trunk line conductor and the 
grounded section when a callis being origi 
nated and to be placed instead across the un 
divided conductor and the ungrounded por 
tion of the divided conductor when a call is 
being received. - 

24. In a telephone system wherein a trunk 
line comprising two normally joined sections 
is provided with means individual thereto 
for disconnecting the two sections from One 
another and for connecting them respective 
ly to apparatus common to such trunkline 
and to a plurality of other similar trunklines, 
one section of said trunk line terminating in 
an automatic switchboard, and means in 
cluded in said common equipment for initial 
ly preparing the automatic switching mecha 
nism at said automatic switchboard for Op 
eration. 

25. In a telephone system wherein a trunk line comprising two normally joined sec. 
tions is provided with means individual 
thereto for disconnecting the two sections 
from one another and for connecting them re 
spectively to apparatus common to such 
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trunk line and to a plurality of other similar 
trunklines, one section of said trunkline ter 
minating in an individual automatic line 
switch, and means included in said common 
equipment for operating said line switch. 

26. In a telephone system wherein a non 
isolated trunk-connected private automatic 
exchange has means provided for completing 
all talking connections between subscribers 
lines and trunk lines entering such exchange 
directly through the line switches individual, 
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respectively, to such lines and trunk lines, 
attendant's switchboard equipment in the 
private automatic exchange associated with 
the trunk lines entering such exchange, 
means whereby a calling branch exchange sub 
scriber can set up a connection from his line 
over a connecting trunk through the medium 
of his own individual line switch and the in 
dividual line switch in which the connecting 
trunk terminates in the private automatic ex 
change without the aid of the attendant, 
means whereby the attendant can cause the 
operation of the line switches necessary to 
complete a connection incoming over a con 
necting trunk to the line of a subscriber of 
the private automatic exchange, and means 
whereby the attendant can set up “tail-to 
tail” connections over an interconnecting 
trunk between the line of an outside sub 
scriber and the line of a private-automatic 
exchange subscriber. - 

27. In a by-pass telephone system wherein 
an automatic connector switch is common to 
a plurality of trunk lines and is arranged to 
be used temporarily by any one of them to 
control the operation of the switching mecha 
nism which completes the talking connec 
tions, means for supplying ringing current 
to called lines from said connector switch. 

28. In a by-pass telephone system wherein 
an automatic connector Switch is common to 
a plurality of trunk lines and is arranged to 
be used temporarily by any one of them to 
control the operation of the switching mecha 
nism which completes the talking connec 
tions, means for supplying ringing current to 
called lines from said connector switch, and 
means whereby said connector switch auto 
matically reverts to common use following 
the ringing operation. 

29. In a by-pass telephone system wherein 
an automatic connector switch is common to 
a plurality of trunk lines and is arranged to 
be used temporarily by any one of them to 
control the operation of the switching mecha 
nism which completes the talking connec 
tions, means for supplying ringing current 
to called lines from said connector switch, 
and means whereby the common connector 
switch automatically reverts to common use 
after making a predetermined application 
of ringing current to the called line. 

30. In a telephone system of the type 
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wherein each line entering the exchange is 
provided with an individual non-housing 
line switch and wherein the banks of the line. 
switches are multipled together and con 
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nected to trunk lines, means for Setting up a 
connection between any pair of said lines by 
causing the individual line switches of such 
lines to seize the same trunk line, and trans mitter current supply connections to both 
lines involved in a connection by way of the trunk line in use through the same choke coil 
windings. 

31. In a telephone system, a line having a 
line switch individual thereto, a plurality of 
trunk lines accessible to said line switch, and 
means for operating said line switch to seize 
a preselected idle one of said trunklines to 
initiate a call outgoing from said line and 
for operating said line switch to seize a par 
ticular one of said trunk lines to complete a 
call incoming to said line, said line switch being arranged to seize any given trunkline 
through the same set of terminals regardless 
of whether it is operating to initiate a call or 
to complete a call. 

32. In a telephone system, a line having a 
line switch individual thereto, a plurality of trunk lines accessible to said line switch, 
means responsive to the initiation of a call 
over said line for operating said line. Switch 
to seize one of said trunk lines, and a delay 
relay to render said means ineffective for a predetermined interval after the initiation 
of the call. w 33. In a telephone system, a line having a 
line switch individual thereto, a plurality of 
trunk lines accessible to said:line. Switch, 
means for operating said line switch to seize one of said trunk lines on both incoming and outgoing calls, and a delay relay to prevent 
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the immediate operation of said line. Switch 
on an outgoing, call. 34. In a telephone system, a line having a 
line switch individual thereto, a pleurality of 
trunk lines accessible to said line switch, an 
operating circuit for said line Switch closed 
upon the initiation of a call over said line; a slow aeting relay having a high resistance 
winding normally included in said operating 
circuit to prevent the operation of said line 
switch, and means responsive to the energi 
zation of said relay for shunting the high re 
sistance winding with a low, resistance wind 
ing to permit the operation of said, line 
switch. 35. In a telephone system, a plurality of 
lines each having a line switch, individual 
thereto, a plurality of trunks each accessible 
to each of said line switches, and a common 
connector normally connected in multiple to 
each of said trunks, 36. In a telephone system, a plurality of 
lines each, having. a line switch individual 
thereto, a plurality of trunks each accessible 
to each of Said line switches, a common con 
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nector normally connected in multiple to each 
of said trunks, and means for disconnecting 
said connector from any of said trunks with 
out disconnecting it from the remainder of 
the trunks. 

87. In a telephone System, a plurality of 
lines each having a line switch individual 
thereto, a plurality of trunks each accessible 
to each of Said line switches, a common con nector-normally connected in multiple to each 
of said trunks, a Cut-Off relay individual to 
each of Said trunks, and means in said con 
nector for Operating the cut-off relay of a 
particular trunk to disconnect said connector 
from said trunk. 38. In a telephone system, a plurality of 
lines each having a line switch individual 
thereto, a plurality of trunks accessible to 
said line Switches, a common connector switch 
normally connected in multiple to each of 
said trunks and having access to each of said 
line Switches, and means controlled by said connector for operating any one of said line 
switches to seize a predetermined one of said 
trunks. 

89. In a telephone system, a line, a line 
SWitch individual to said line, a connector 
having access to said line switch, a line relay 
in Said line Switch responsive to the initiation 
of a call over said line, and means for oper 
ating Said line. Switch controlled by said line relay on a call outgoing from said line and 
controlled by said connector independently 
of Said line relay on a call incoming to said 
line. . - 

40. In a telephone system, a plurality of 
lines each having a line switch individual 
thereto, a plurality of trunks accessible to 
Said line switches and Selected thereby under 
the control of a single master SWitch, means 
for operating any of said line switches to 
either initiate or Complete a call over its 
associated line, and means for preventing 
the Operation of said master switch when one 
of said line switches is Operated to initiate a 
call. 41. In a telephone system, a plurality of 
lines each having a line switch individual 
thereto, a plurality of trunks accessible to 
Said line switches and selected thereby under 
the control of a single master switch, means for Operating any of said line switches to 
either initiate or complete a call over its asso 
ciated line, means for preventing the Opera 
tion of Said master switch when one of said 
line Switches is operated to initiate a call, and 
means for operating said master switch when 
One of Said line Switches is operated to com 
plete a call. - 

42. In a telephone system, a group of line 
SWitches, a master switch, means for oper 
ating the line switch of any line when the 
line is either calling or being called, and 
means for operating said master switch only 
when a line is called. 

is 

80. 

9. 

100 

O 

5 

() 

30 



1,809,071 

43. In a telephone system, a group of line 
Switches, a master switch controlling said 
line switches, a connector having access to 
said line Switches, and means in said connec 
tor for controlling said master switch. 

44. In a telephone system, a calling and 
a called line, a trunk, a battery feed relay 
individual to said trunk, a connector nor 
mally connected to said trunk, means for 
completing a talking connection between said 
calling and called line independent of said 
connector, means controlled by said connector 
for operating said battery feed relay, and 
contacts on said relay for locking itself to the 
talking conductors of said trunk in series 
with battery to supply transmitter current 
for the talking connection. 

45. In a telephone system, a plurality of 
trunks, a cut-off relay and a battery feed re 
lay individual to each of said trunks, a com 
mon connector switch normally connected in 
multiple to each of said trunks, means for 
operating said connector to establish a tele 
phone connection over one of said trunks, and 

25 means responsive to the completion of the 
connection for operating said cut-off relay to 
disconnect said connector from the trunk and 
for operating said battery feed relay to sup 
ply transmitter current over said trunk. 

46. In a telephone system, a plurality of 
trunks, a cut-off relay and a battery feed re 
lay individual to each of said trunks, a com 
mon connector switch normally connected in 
multiple to each of said trunks, means for op 

35 erating said connector to establish a tele 
phone connection over one of said trunks, 
means responsive to the completion of the 
conection for operating said cut-off relay to 
disconnect said connector from the trunk and 
for operating said battery feed relay to sup 
ply transmitter current over said trunk, and 
means for preventing the operation of said 
battery feed relay in case the connector was 
operated to a particular position to establish 
the connection. 

47. In a telephone system, lines, a con 
nector common to said lines and arranged to 
be temporarily used to establish a connection 
between a calling and a called line, a timing 
device associated with said connector to con 
trol the application of ringing current to the 
called line, and means controlled by said tim 
ing device for releasing said connector after a 
predetermined application of ringing current 

5 to the called line. 
48. In a telephone system, a calling line, 

means including a connector controlled over 
said line for selecting a called line, means in 
said connector for ringing the called line, and 
means for then establishing a talking con 
nection between said calling and called lines 
over a path excluding said connector. 

49. A telephone system comprising a sin 
gle directive switch, means whereby any call 

G5 ing subscriber may obtain the exclusive use 
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of said Switch for a limited time, means in 
cluded in the switch for selecting and signal 
ling any called line, and means for connect 
ing the calling and called lines over a path 
excluding said switch. 
In witness whereof, I hereunto subscribe 

my name this 30th day of March, A. D. 1928. 
GEORGE E. SCHOMAKER. 

In witness whereof, I hereunto subscribe 
my name this 28th day of February, A. D. 
1928. 

ROY F. GOULD. 
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