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Roy FIERO 

The present invention relates to telephone 
systems, and has to do more particularly with 
provisions in a private branch exchange, for 

5 scribertherein, as well as with equipment for 
taking care of the traffic between a private 
branch exchange and a main exchange. 

10 rangements and equipment embodying desir 
able features and advantages in an efficient, 
simple and economic manner. 
... One feature has to do with the provison 
nector switch, for interconnecting a calling 
a finder distributor switch common to a plu 
rality of line finders, for preventing the actu 

tion in a private branch exchange. 
... Another feature of the invention resides in 
means associated with subscribers’ lines in a 
private branch exchange and cooperating 

25 with means in connectors and finder switches 
for permitting certain subscribers to extend from the main ex ... . . .''." - ... ." . . . . . . . . ... : ::... : cabinet. Various relays, and other, appara calls to a distant main exchange, and prevent 
ing certain other subscribers from enjoying 
this privilege. . . . . . 
A third feature may be found in an at 

tendant's cabinet in a private branch ex 
change as disclosed in the present invention, 
and consists in the unification of certain com 
mon relays and other apparatus used by the 
attendant in the extension of calls, and pro 

3. 30 

tendant's cabinet in order to 
scient and simple unit. 

from a main exchange to a private exchange, 

connector switch accessible to the trunk. Other features relate to novel provisions 

50 to novel provisions and methods for trans 
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the private branch exchange. . . . 

- for The novel features through the p 
establishing connections between the sub- of wh . sirable results are obtained will be described is 

sheets of drawings, in which 
The principal object of the invention re- ". . . . .” - ' . . . . . . . ." 

sides in the provision of improved circuit ar- in a private branch exchange, as well as a 
lishing a connection between the stations, and 
the provision of a finder distributor switch 

. . . . . . . for controlling the actuation of the finder 
of a line finder switch associated with a con- . . . . . . . . . . . . . . . . . 

line with a called line, and means, including 

ation of more than one finder switch in re 
sponse to the initiation of a call at a substa 

located in the private branch exchange and 
associated with the trunk - 

tion in the private branch exchange. 

I vision of such apparatus within the at- mitter 1, the receiver 2, the switch hook 3, the 
to render an effi 

A further featre resides in various relays E. 
and other apparatus individual to a trunk change in a line equipment compris 

. . . . . . . . . . . . . . . . . . . . . . . . . 8 . . . relays 10 and 15. . . . 

and in combining such equipment with a - -. Juli. 
nector C, and its actuation is controlled by a 

and methods for transmitting impulses from 
an attendant's cabinet to switches in the pri 
vate branch exchange and to switches in the 
main exchange in order to extend calls, and 

lower part of the drawing. The connector 
comprises a number of relays and other. 
equipment, which will be described in con 

...nection with its operation, and has access to 
subscribers’ lines, such as the line B shown at 100 

mitting ringing current to called stations in 
a - - - - - - - - - - - - through the provision 

of which the above mentioned and other de 
in connection with the accompanying thr 
Fig.1 illustrates subs ribers substation 

finder switch and connector switch for estab- so 

switches; it Fig. 2 shows a trunkline extending roma as 
main exchange and terminating in an at 
tendant's cabinet in a private branch 
change. This figure also shows various keys 
and other equipment associated wit . . . . . . . 
tendant cabinet, and a group of relays, which to 
may be considered common to a plurality of 
trunklines; and ... ." . . . . . . . . . 

the at 

Fig. 3 shows an coming co ector switch 
ociated with the trunkline extending is from the main exchange to the attendant's 

tus, which are individual to a trunkline have 
been combined with the connector shown in 
this figure. so 

at 
is illustrated a calling substa 

- - - - nge. This 

Substation includes the usual talking and sig nalling equipment consisting of the trans- 85 

Referring now particularly to Fig. 
the left there 

calling device 4, the ringer 5, and the con 
denser 6, which, together with the ringer is 

d across the line conductors, 7 and 8, 
conductors terminate at th 

con The line finder F is asso ted wi 
finder distributor switch FD shown in the 95 
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the right of the drawings, and it has also ac 
cess to the attendant’s cabinet and to the trunk 
line extending to the main exchange. 

Having described in general the apparatus 
illustrated in Fig. 1, the operation of this 
equipment in establishing a connection be 
tween the calling subscriber A and the called 
subscriber B shall now be described in detail. 
Each line terminates in a line and cut off 

relay 10 and 15, respectively, which cause the 
preselected finder, such as F, to find the line 
when the receiver is removed at the substa 
tion in order to extend a call. When the line 
is found, the finder extends the line through 
to the associated connector switch C and the 
distributor switch FD is caused to operate 
and to preselect another free finder switch. 
When the receiver at the substation. A is 

removed, relay 10 is energized over its upper 
winding in series with the calling line, its cir 
cuit extending from battery, upper winding 
of relay 10, armature 16 and its resting con 
tact, line conductor 7, loop of the substation 
A line conductor 8, resting contact and arma 
ture 18, to ground. Relay 10 operates and 
removes at its armature 11 ground from a 
contact in the finder switch bank accessible 
to wiper 23 of the finder switch, in order to 
permit the preselected finder to find the call 
ing line. At its armature 12, the relay 10 
closes a circuit for the relay 41 of the finder 
distributor, from ground, resting contact and 
armature 17, make contact and armature 12, 
resting contact and armature 37, and winding 
of relay 41 to battery. 
Assuming that the Wipers of finder switch 

F which was preselected by the finder dis 
tributor FD in a manner which shall be de 
scribed subsequently, are in engagement with 
the contacts of the calling line A, relay 41 of 
the finder distributor, upon operating, causes 
the connector switch C associated with the 
finder F to connect its line relay 57 across the 
calling line. This operation will be described 
presently. It shall be assumed first that the 
finder is not resting in engagement with the 
calling line, and, accordingly the operation 
of the finder switch F in connection with 
seeking the calling line will be described next. 
Upon operating, the relay 41 in the finder 

distributor FD closes a circuit for the motor 
magnet 25 of the finder, from battery, wind 
ing of the motor magnet 25, interrupter con 
tact 26, contact in the bank of the distributor 
accessible to wiper 32, armature 42 and its 
make contact, wiper 33, resting contact and 
armature 54, wiper 23 of the finder switch, 
armature 11 and its resting contact to ground. 
In order to understand this circuit, it must 
be remembered that the finder in question 
is not in engagement with the calling line, 
but with a line which is assumed to be in the 
condition of rest as shown in the drawing, 
that is, with its line relay 10 in normal posi 
tion. Accordingly, the wiper 23 of the finder 
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switch which is supposed to hunt for the call 
ing line encounters ground over the arma 
ture 11 of the line relay 10. Relay 41, upon 
operating, also attracts its armature 43 and 
connects thereby ground to the winding of 
relay 39. This relay, however, is prevented 
from operating at this moment on account of 
being short circuited to ground over wiper 
23 of the finder switch and armature 42 of 
relay 41. As long as the finder switch F 
is seeking the calling line, its wiper 23 will 
encounter ground, and relay 39 in the finder 
distributor switch will be prevented from 
energizing. The motor magnet 25 of the 
finder switch operates, interrupting its own 
circuit at interrupter contact 26, restores, and 
advances the wipers 21 to 24, inclusive, over 
the associated bank contacts. The foregoing 
operation continues until the calling line is 
found. - 

When the calling line is found, wiper 23 
will not encounter ground since armature 11 
of line relay 10 is in operated position, and 
the motor magnet 25 will cease to operate. 
The short circuit around the winding of re 
lay 39 is removed at the present moment, and 
this relay energizes in series with the motor 
magnet of the finder switch from ground at 
armature 43. The motor magnet 25 does not 
operate in series with relay 39 on account of 
the high resistance of this relay. Relay 39 
operates its armature 40, thereby closing a 
circuit for energizing relay 36. At its arma 
ture 40' relay 39 closes a circuit for the 
lower winding of relay 50 of the connector 
switch C. The latter circuit, it will be seen, 
extends over wiper 31 of the distributor. 
The function of relay 36 of the distributor 
will be explained presently. However, it 
should be noted at this time that relay 36 
opens at its armature 37 the circuit for the 
slow acting relay 41, in order to prevent other 
calls from being extended through to a con 
nector until the distributor has selected an other finder. 

Relay 50, upon operating, attracts its arma 
ture 55, and removes thereby ground from a 
contact in the distributor bank accessible to 
wiper 34. Every connector keeps a multiple 
ground connected to this contact, accessible to 
wiper 34, by means of armatures 55 of the 
various relays 50. The purpose of this multi 
ple ground is to stop a distributor in case 
all finders should be found busy. The over 
flow register 45 will be operated in such a case 
in order to indicate the condition. Detailed 
description of this operation, will be pre 
sented later on. 4. 
At its armature 54 the relay 50 opens the 

connection of the wiper 23 of the finder 
switch with a bank contact of the distributor 
switch and connects ground to the wiper 23 
in order to energize the cut-off relay 15 in 
series with the lower winding of the line re 
lay 10, by way of armature 11 of the line re 
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lay 10. This ground also extends to the 
private normal conductor 9, which appears, 
together with the line conductors 7 8 in 
bank contacts such as 105,106 and 107 in the 
various connector switches. The grounding 
of the private normal conductor 9 serves the 
purpose of busying this line against seizure 
from a connector. . . . . . . . 
At armature 52 a circuit is prepared which 

is of importance in connection with discrimi 
nating service in which a certain subscriber is prevented from calling out into the main 
exchange. The connector C has access to 
trunklines terminating in the main exchange, 
over a certain level, and when the connector. 
is operated to this level the contact springs 
110, 111 and 112 will be operated, and the 
wiper 22 of the finder switch will be extended 
by way of the airmature 52 to the private 
wiper 103 of the connector switch. If a line, 
which is not permitted to call to the main 
exchange, attempts such a call, ground will 
be extended over the discriminating conduc 
tor 13 and the wiper 22 of the finder switch 

25 to the private wiper 103, which produces con 
ditions with respect to the circuits of the con- a . . . ." ... . . " 
nector, present only in case all the trunk lines relay 36 interrupts, the circuit of the slow 
accessible to the connector in that level should 
be busy. Accordingly, the connector will ro 

30 tate automatically and the subscriber who is 
not entitled to call to the main exchange will 
receive a busy signal. 
described presently in detail. . . . . 
At armatures 51 and 56, the relay 50 ex 

tends the line circuit of the calling station to 
the line relay 57 of the connector switch. 

Relay 15 of the line circuit was operated 
over a circuit including the armature 54 re 
lay 50. At armature 16 this relay opens the 
circuit over the upper winding of line relay 
10; at armature: 17 ground is removed from 
the circuit over which relay 41 was originally 
energized; and at armature 18 ground is re 
moved from the line conductor 8. Line relay 

is 10 remains energized in series with the cut 

5 

mature 54 of relay 50. The calling line is 
thus cleared of attachments and connected 
through to the line relay 57 of the connector, 

to which circuit can be traced from battery, up 
per winding of relay 57, resting contact and 
carmature 78, armature 51 and its make con 
tact, wiper 21 of the finder switch line con 
ductor 7, loop of the calling substation. A line 

CS5.5 conductor 8, wiper 24 of the finder switch, 
make contact and armature 56, armature 81 
and its resting contact, lower winding of the 
line relay 57, contact spring 116 of the off 
normal contacts and conductor 116', which 

60 terminates in a tone source for conveying to 
the calling subscriber... that he may operate 
his calling device in order to transmit im 
pulses to the connector. 

Line relay 57 operates its armature 58, 
965 completing thereby a circuit for the slow act 

. This operation will be 

off relay 15 to ground over the attracted ar 

ing release relay 59. The latter relay actu 
ates armature 60 connecting ground to the 
holding conductor 60' to which is connected 
the holding winding of relay 50 over the air 
mature 53. This prevents the relay from 
deemergizing when its original circuit includ-.' 
ing its lower winding is opened by the finder 
distributor preselecting another finder switch.: 
At armature 61, the relay 59 opens a point in 
the circuit of the release magnet, 108 and 
closes a point in the impulsing circuit; and 75 
at armature 62 ground is connected to a con 
tact in the bank of the finders distributor in 
order to mark the associated finder busy. 
The operations of the finder distributor in 

preselecting an idle finder switch will be de 
scribed next. . . . . . . . . . . . . . . . . . 

It will be remembered that relay 39 was 
energized to close a circuit for relay 36 at 
its armature 40. Relay 36 operates its arma 
ture 38 and connects thereby the circuit of the 
motor magnet 35 of the distributor switch 
from battery, winding of the motor magnet 
35, make contact and armature 44, armature . 
38 and its make contact, make contact and 
armature 40 to ground. At armature 37, the 90 
acting relay 41. This relay, however, does 
not failback immediately on account of be 
ing slow acting, and, therefore, the circuit a 
for the motor magnet is initially established 
over attracted armature 44. When relay 41 
deenergizes it opens the circuit of the motor 
magnet 35, which deenergizes and advances 
the wipers 31 to 34, inclusive, by one step. 
The relay 41 also opens the circuit of re 

lay 39 at its armature 43. In case the wipers 
are now in engagement with an idle finder 
Switch, relay 39, upon deenergizing, removes 
ground from the distributor wiper 31, and is opens at its armature 40 the circuit of motor 
magnet 35 and of relay 36. Therefore, the 
wipers of the distributor come to rest and 
an idle finder switch is thus preselected and 
prepared to be actuated to hunt for a line in : 
case a subscriber to which the finder switch no 
has access should initiate a call. . . . 
... Assuming, however, that the distributor 
Switch has advanced its wiper into engage 
ment with a busy finder switch, the wiper 34 
will encounterground over an armature 62 of 
an operated relay. 59 of a connector which is 
associated with that busy finder switch, and a 
circuit will be closed for maintaining the - - 
relay 36 of the distributor in operated posi-20 
tion. The ground encountered by wiper 34 . . . . 
of the distributor is also transmitted by way 
of armature 38 to the motor magnet 35, which operates again, opening its interrupter 
springs 35' and thereby interrupting its own 2 
circuit for advancing its wipers into engage 
ment with another set of bank contacts as 
sociated with another finder switch. This op 
eration continues until the wiper 34 finds an 
idle finder. Switch, that is, a contact which 
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is not grounded by an armature such as 62 of 
a relay 59. 
In case all finder switches accessible to the 

distributor FD are busy, the wiper 34 will 
encounter ground over the winding 45 of 
an overflow register connected to the last 
bank contact. This bank contact is also con 
nected in multiple to armatures such as 55 of 
relays 50, which, as long as a connector is 
idle, keep ground connected to this bank con 
tact. When the last connector and with it the 
associated finder switch, is taken into use, the 
corresponding relay 50 removes ground at its 
armature 55 from the multiple contact. 
Therefore, when the wiper 34 reaches this 
bank contact, a circuit will be closed from 
ground, winding of the overflow register 45, 
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bank contact accessible to wiper 34, winding 
of relay 36, to battery. Relay 36 does not en 
ergize in series with the windings of the over 
flow register 45 while the register operates to 
indicate the condition “all finders busy’. Re 
lay 36, being prevented from energizing, re 
leases its armature 38, opening thereby the cir 
cuit of the motor magnet 35. The automatic 
rotation of the finder distributor is now pre 
vented and the distributor stops until a finder 
becomes idle, that is, until an armature such as 
55 connects a multiple ground to the contact 
with which the wiper 34 is in engagement. 
When this occurs, relay 36 again operates, 
closing its armature 38 and causing the finder 
distributor to hunt for the idle finder switch. 
The overflow register 45, being short cir 
cuited by ground at armature 55 of relay 50, 
associated with the connector which has be 
come idle, releases, while the finder distrib 
utor rotates its wipers to seek the idle finder. 
Relay 36 will remain energized and thus keep 
the circuit of the motor magnet 35 closed as 
long as wiper 34 encounters contacts associ 
ated with busy connectors, which contacts are 
grounded at armatures such as 62. However, 
when an idle finder is found, the wiper 34 will 
not encounter ground since the idle finder is 
one which is associated with an idle connector, 
in which the relay 59 is in deemergized posi 
tion and keeps the armature 62 open, and re 
lay 36 will, accordingly, deenergize and open 
the circuit of the motor magnet 35. Thus, 
the finder distributor comes to rest when an 
idle finder switch is found which can be used 
for extending another call. 

It shall be assumed next that the subscriber 
at the calling station replaces his receiver at 
its stage of the extension. When this occurs, 
the circuit for the line relay 57 in the connector 
is opened. The line relay restores and opens 
the circuits to relay 59. Upon deemergizing, 
relay 59 removes ground from the bank con 
tact accessible to wiper 34 of the distributor 
switch to make the associated finder switch 
free and opens the circuit of the locking wind 
ing of relay 50. Relay 50 restores and dis 
connects the connector from the line; removes 
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ground from wiper 23 of the finder switch, 
thereby releasing the cut-off relay 15 and the 
line relay 10 and also removing the ground 
from the private normal conductor 9; places 
a multiple ground on the contacts accessible 
to wiper 34 of the distributor switch; and 
opens its armature 52, thereby interrupting 
the prepared circuit for discriminating serv 
ice. Line relay 10 grounds the corresponding 
contact in a finder switch bank accessible to 
wiper 23 so that a finder seeking another call 
ing line will not stop on these bank con 
tacts. 
The description of the operation of the con 

nector switch in extending calls to the wanted 
station B will now be continued. 

It will be remembered that the line relay 57 
was energized over the loop of the calling sta 
tion A and that the subscriber received a dial 
tone over the conductor 116 which indicated 
to him that he may operate his calling device 
in accordance with the digits of the desired 
subscriber's number. 
When the subscriber operates his calling 

device, the line relay 57 will be interrupted 
a limber of times in quick succession in ac 
cordance with the digit from which the dial 
was operated. At its armature 58, the line 
relay closes, at each interruption, a circuit 
for the slow series relay 63 and the vertical 
magict 6. i his circuit may be traced from 
ground, armature 58 and its resting contact, 
armature 61 and its make contact of normal 
springs i18, winding of relay 63, winding of 
the vertical magnet 67, battery. The wipers 
102, 103, and 104 of the connector are raised 
by one step, and the various off-normal con 
tacts are thrown into their alternate posi 
tions. The circuit for the lower winding of 
the line relay, which originally extends over 
springs 116 of the off normal contact, is 
opened, and a new circuit is closed including 
the of normal contacts 117. This discon 
nects the dial tone conductor 116. Springs 
118 over which the rotary magnet 67 received 
the irst impulse is also opened while springs 
118'' are closed. Since relay 63 is operated 
at this time the armature 65 is in attracted 
position and a new circuit is provided for the 
vertical magnet 67 including the of normal 
springs i18' and the armature 65 and its 
make contact. Due to their slow release 
characteristics, the relays 59 and 63 remain operated during impulsing. 
After the last impulse of the series, the 

relay 63 restores and transfers the impulsing 
circuit from the vertical magnet 67 to the ro 
tary magnet 100. 
When the calling subscriber operates his 

calling device for the second digit the line 
relay 57 will be interrupted again a num 
ber of times in accordance with the digit 
dialled, and at its back contact and armature 
58 it will close the circuit for the slow re lease relay 68 in series with the rotary mag 
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net 100. This circuit may be traced fron ar 
nature 65 and its resting contact, resting contact controlled by armature 74, winding 
of relay 68, resting contacts and armature 98, 
winding of the rotary magnet 100, to battery. 
Relay 68 operates and at its armature 69 
opens the circuit to the lower starting wind 
ing of switching relay 92 in order to prevent 
lay as the private wiper 103 passes over idle 
lines. At its armature 70 the relay 68 short 
circuits, the normally closed contacts con 
trolled by armature 74, through which the 

... impulse circuit is taken, so that this circuit 
is will not be opened when the relay (2 ope ates as the private wiper 103 passes over busy 

shaft. and with it the wipers 102, 103, and 104, advancing them to the contacts of the armatures 93 and 99 it closes the ringing circuit, which extends from ground, resting , to-release char a desired line. Due to its slow- . . . . . operated dur acteristics, the relay 68 rem 
ing impulsing... . ... ::...'...": 
It will be assumed first that the line to 

which the wipers have been advanced is busy. 
ces. The private contact, such as 106, of a busy. 

line is connected to ground. When the pris. 
vate wiper 1 

ing thereby ground from the holding con 
insure its operatio 

mature 74, the relay 72 opens the original en 

66,71 and 75, and which will be completed 

line should become idle. , ailing subscriber hears 
smitted over the conductor. 66 over 

cuit intimated above, he replaces the re 
ceiver, opening thereby the circuit for the 
line relay 57. The line relay restores and 

5 opens the circuit of the slow release relay 59. 
This relay removes ground from the hold 
ing conductor 60 which 

1 and its 

switching relay 92 will operate over a circuit 
armattire 73, and its resting contact, lower 

contact. 106 of the idle life, and to battery 0 
.. - - - - - - - - - - - - - - the lower winding of a line relay such as 10 

a premature operation of the switching re- of the called line. The switching rela 
at its armature 95 connects th T. ...' . . . . " ing conductor 60 directly to the private 
Wiper, 103 for marking the called line busy 

... . . . . . .' ... Switching relay connects itself in a holding 

will not be opened when the relay 72 oper 
', , , 3 passes over busy holding conductor 60 

lines. The rotary magnet 100 rotates the 

contact and armature Sarnature 99 and 

103 encounters the busy contact 
a circuit will be closed for the relay 72 which 
cludes armature. 69, and its make contact, 

0 interrupter springs 101 controlled by the ro tary magnet, winding of relay, 72 to battery. 
Relay 72 operates its armature.73, connect 

lower winding of the ring-cut of r 

ductor. 60' to the conductor 101 in order to . 
ion after the relay 68 de 

energizes, which happens shortly after the 
transmission of impulses ceases. At its al"- 
ergizing circuits of relay 68; and at its ar 
mature.75 a circuit is closed for the trans 
mission of the busy tone to the calling Sub 
scriber, which circuit includes the armatures 
upon the deemergization of relay 68 and re- co: 

is traction of armature 71 Relay 72 at its ar: it 
mature 73 disconnects the lower winding of 
the switching relay 92 in order to prevent 
an energization of this relay in case the busy. 

ch, causes the deener- contact. 
gization of the relays 50 and relay, 72. At armatu 
its esting contact the 

magnet 108 from 

from ground on the holding conductor 60, 
winding of the switching relay 92, resting 
contact and armature 69, private wiper 103, 
over the cut-off relay such as 15 in series with 

e grounded hold 

to other connectors. At armature. 96, the 
circuit involving its upper winding and the 

tarmature.98 it dis 
connects the rotary magnet 100; at armature 
94 it prepares the ring-back circuit; and at 

its make contact, wiper: 104, bank. . 
107, condenser and inger in series, with the 
Switchhook of the called station, bank con 
tact 105, wiper 102, make contact and arma 
ture 93, armature.87 and its resting contact 
86, to battery at an alternating current source. 
In the present case ringing current is super 
imposed upon battery and connected to the 95. 
lower winding of relay, 86 over conductor 86. . . 
A fraction of the generator current, trav 

make contact and its make contact, lower winding 
pedance. 76, armature.80 and its resting con 
tact, make contact and armature 91, armat 
99 and its make contact, u',:M 
tact. 107, loop 
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circuit to the line relay 57 is open. This 
relay restores and opens the circuit of relay 
59. When relay 59 restores, it removes 
ground from the holding conductor 60 at 
its armature 60, thereby opening the holding 
circuits of relays 50,86, and 92. At armature 
62 the relay 59 removes ground from a con 
tact in the bank of the distributor which is 
accessible to wiper 34. At its armature 61 
it closes the circuit to the release magnet i08 
which has been traced previously. The re 
lease magnet operates, allows the shaft to 
return to normal and to restore the of nor 
mal springs, which open the circuit of the 
release magnet. - 
The entire equipment is now in position of 

rest and ready to serve for the extension of an 
other call. 
The operation of the equipment in connec 

tion with outgoing service to the main ex 
change will be described next. By outgoing 
service is meant the extension of a call from 
a private branch exchange station, such as 
station A, to a distant main exchange. 
Trunk lines terminating in a distant main 
exchange are accessible to the connector C 
over a certain level, in the present case ovel 
the ninth level. The switch is arranged to 
give outgoing service only to those lines 
whose associated line and cut-off relay circuit 
does not ground the discriminating trunk 13 
which is accessible to wiper 22 of the finder 
switch. Therefore, lines which shall receive 
outgoing service will not be provided with a 
discriminating conductor such as 13. The 
contacts which are operated by the spring 14 
shown at the left of relay 50, will be operated 
when the shaft of the connector switch is 
raised to the ninth level, and the contacts 
which are operated by spring 14 will be op 
erated when the switch shaft is raised to the 

... (5) 

(33 

ninth or to the tenth level. The physical 
arrangement by which contact Springs such 
as 14 and 14 are actuated is disclosed in the 
application of Hans Sengebusch. Serial 
Number 54,597, filed September 5, 1925. 
When a subscriber operates the connector 

C to the ninth level, provided he is entitled 
to outgoing service, the connector will rotate 
automatically and hunt for an idle trunk 
line terminating in a distant exchange. How 
ever, when a subscriber who is not entitled 
to outgoing service actuates the connector to 
the ninth level, the connector will rotate its 
wiper past the last available trunk, due to 
the discriminating conductor 13 being 
grounded, and the subscriber will receive a 
busy tone. . . . . . 
The operations intimated above, will now 

be explained in detail. 
When the subscriber at the calling station 

operates his calling device, the line relay 57 
will deenergize in accordance with the dialled 
digit, as was described previously, and will 
transmit impulses to the vertical magnet by 
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way of the series relay 63. The release relay 
59 was, of course, operated immediately upon 
the first energization of line relay 57. The 
vertical magnet 67 raises the wipers of the 
connector opposite the ninth level. When the 
ninth level is reached, both sections of the 
normal post springs 14 and 14' operate and 
connect the discriminating trunk 13 through 
to the private wiper 103 by way of the arma 
ture 52 of relay 50, contact spring 110, and 
wiper 22 of the finder switch. 

It shall be assumed first that the calling 
subscriber is not entitled to outgoing service. 
Accordingly, the connector must rotate in 
the ninth level without engaging with any 
of the outgoing trunks leading to the distant 
main exchange, and busy tone must be trans 
mitted to the calling subscriber. This is done 
as follows: 

Since it is assumed that the calling sub 
scriber is not entitled to outgoing service, the 
discriminating trunk 13 is provided, that is, 
ground is transmitted over the wiper 22 of 
the finder switch, and over a path which was 
traced previously, to the private wiper 103. 
This ground on the wiper 103 actuates the 
connector as if all trunks encountered in the 
ninth level were busy, i.e., the connector ro 
tates the wipers off the bank and transmits 
busy tone to the calling line. 

Relay 63 restores when the calling sub 
scriber has finished dialling. Relay 72, prior 
to the deenergization of relay 63 is operated 
from ground on springs 112, springs 120 and 
119 of an off-normal contact which is adapted 
to operate on the eleventh rotary step of the 
ninth and tenth level, armature 64 and its 
make contact, conductor 101, interrupter 
spring 101, and winding of relay 72 to bat 
tery. At armature 74 the relay 72 prepared 
the circuit for the rotary magnet 100, which 
is effective upon the deenergization of relay 
63, from ground on springs 112, springs 120 
and 119. armature 64 and its resting contact, 
armature 74 and its make contact, winding 
of relay 68, resting contact and armature 98, 
winding of the rotary magnet 100 to battery. 
The rotary magnet operates and opens its 
interrupter springs 101, thereby interrupt 
ing the circuit of relay 72. This relay in 
turn interrupts at its armature 74 the circuit 
for the rotary magnet 100. When the rotary 
magnet deenergizes it closes its interrupter 
springs 101 thereby again closing the circuit 
for relay 72 by way of the armature 69 of 
relay 68 which is slow acting and is there 
fore in operated position. The ground for 
the reoperation of relay 72 is in this case de 
rived from the discriminating trunk 13 by 
way of the wiper 22 of the finder switch, nor 
mal post springs 110 and the armature 52. 
Upon the operation of 72 it closes the circuit 
for the rotary magnet again at its armature 
74. The rotary magnet accordingly energizes, 
opening at its interrupter contacts 101 the 
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circuits for relay 72. This interaction of the 
rotary magnet and the relay 72 continues 
until the wipers. 102,103 and 104 rotate past 
the eleventh contacts in the ninth level. At 

is this time the Spring 120 is operated, connect: 
ductor 101. In the condition in which the 
contact 120 is shown, the circuit was closed 
for the rotary magnet. Therefore, when the 

10. ". . . .s" - - - - - - - - - - - - - the rotary magnet is interrupted, and further 
rotation of the shaft is impossible. Relay 
72, however, remains energized over the in 
terrupter spring 101 and the contacts 121 
and 120 which close when the wipers ad 
vance to the eleventh rotary step in the ninth 
level. Relay 68 releases after a while, and 
closes at its armature 71 the circuit for the 
transmission of the busy tone from the con 
ductor 66' by way of the armatures 66,70 
and 5.... . . . . . . . . . . . . . . . . 
Whenth 

in responset 
subscriber replaces his r 
o recognizing the busy to 

ready been described in a previous 
graph. . . . . . . . . ". . . . .: "...: 

er, who operates the connector to the nintn 

not transmit ground to the private wiper 
103 as in the previous case since the discrimi 
nating conductor 13 is missing. The connec 

Relay 63 is operated during 
operation of the switch and has its 
64 in operated position. Therefore, when 
the ninth level is reached, ground is trans 

. . . . . ration of relay '72 fr 
. . . . 15. if the normal post contact, 
by way of springs 120 and 119, armature 64 
and its make contact, conductor 101 inter 

by preparing a circuit for the operation of 
the rotary magnet 100, which wi 
exactly as in the previous case. in the de 

et 67 terminates. The rotary magnet, 100 

5, upon the restoration of relay.63 and opens 
- spring, 

next trunk 
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ing the ground from spring 112 to the con 

springs 119 and 120 separate, the circuit for 

the relay 
ground encountered by wiper 103, armature . 
69 and its make contact, conductor 101, in-80 . . . . 
72 to battery. 
traced circuit for the rotary magnet 100 
magnet takes another step, advancing its 

, ... : : he busy tone, the ciated with another trun 
switch is released in a manner which has al 

ara- i. 

| next be assumedthat the subscrib 
level is entitled to outgoing service. In this 
case the wiper 22 of the finder switch does - - - - - . . ." " ... . . . . . . . . " circuit for the rotary magnet, which will take 

another step in precisely 2.'... - - - - ------ 

was already described 
When an idle trunk 

cordingly, a reenergization of the relay 72, 

its resting contact, lowe 

rupter contact 101, winding 72, to battery. 
Relay 72 agains attracts armature 74, there trunkl - - - 

- battery over area 
be effective 

... energization of relay 63, shortly after the 
impulse transmission for the vertical mag 
receives therefore an impulse immediately 

e, in series with the e lay 86 by way of the spri 
3 mal : 

. It shall be assumed that the first trunk 
encountered by the connector is busy. If 
this is, the case, the private wiper 103 finds 
ground. . . 

Shortly aft er the rotary magnet 100 has 
taken its step, its circuit is opened at arma 
ture 74 of relay, 72 which in turn was inter 
rupted at interrupter spring 101. There 
fore, relay 68 deemergizes. However, being 
slow acting, it retains its armatures for a 
while after the circuit is opened, and at 
armature 69 a circuit is closed for energizing 

y: 72, which may be traced from 

terrupter spring 101, and winding of relay 
* - Relay 72 therefore energizes 

and closes at its armature 74, the previously 

which involves the relay: 68. The rotary . 
wipers to the next set of bank contacts asso 

the rotary magnet opensits inter 
ngs 101, thereby opening the cir 

'elay 72, and this relay, in de 
nergizing, opens at the armature 74 the ci 

cuit for the rotary magnet 100. 
In case the second trunk is fo 

lay 72 will again operate, and will close the 
the same manne 

- - - - - - - - - - - . . . . S. encountered b 

iper 103 no ground will be found, and, a 
impossible. The rotary magnet 

refore not take another step a 

g relay 92 will be op 
the holding conductor 6 
switching relay 
ture 69, private power 1 
associated with the release 
trunk line leading to thema 

At its armatur 
a locking circuit for it 
upper winding to ground at 
conductor 60; at armature 98, . . . .''... , , , 

: the rotary magnetis' opened at armature 95, 
the private wiper 103 is grounded directly 

conductor 60 in order to 120 
'ma 

'onnected 
winding of the re 

111 of the nor- 125 
post spring 14. The winding of relay 

he winding of r 
lowe 
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tures 79 and 80, thereby removing theim 
pedance. 76 from across the trunk conduc 
tors. At its armature 78 and 81 the relay 
77 removes the line relay 57 from the line 
circuits. Relay 86 also operates in circuit 
with relay 77 and locks itself over its upper 
winding and its aramature 89 to the holding 
conductor 60'. 
The connection extends now directly to the 

trunk conductors and may be traced as 
follows: 
Wiper 102 which is in engagement with 

a bank contact associated with a trunk con 
ductor, make contact and armature 93, wind 
ing of relay 84, make contact and armature 
78, armature 51 and its make contact, wiper 
21 of the finder switch, line conductor 7, 
loop of the calling line, line conductor 8, 
wiper 24 of the finder switch, make contact 
and armature 56, armature 81 and its make 
contact, make contact and armature 91, arma 
ture 99 and its make contact, wiper 104 
which is in engagement with a bank contact 
associated with the other trunk conductor. 
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Therefore, the loop of the calling Substa 
tion extends in a clear metallic circuit to the 
main exchange over the trunk seized by the 
connector. Relay 84 is energized in the cir 
cuit and has operated its armature 85 which 
provides a holding circuit for the release re 
lay 59. This is necessary since the release 
relay must remain operated, and since its 
original circuit has been opened at armature 
58 of the deenergized line relay 57. Due to 
a slow release characteristic, relay 59 remains 
operated in the interval between the restora 
tion of relay 57 and the operation of relay 54. 
The succeeding series of impulses from the 

calling substation cause the switches in the 
central office to complete the desired connec 
tion in the usual manner. 
The release of the connection takes place 

when the calling subscriber replaces his re 
ceiver. The circuit for relay 84 is thereby 
opened, and this relay deenergizes retracting 
its armature 85, which interrupts the circuit 
for the slow release relay 59. Relay 59 re 
leases, and, upon retracting its armature 60 it 
opens the holding circuit for relays 50, 77.86, 
and 92; at armature 62 it removes ground 
from a bank contact of the finder distributor 
in order to mark the finder switch Fidle; 
at armature 61 the circuit is closed for the re 
lease magnet 108 from ground, armature 58 
and its resting contact, armature 61 and its 
resting contact, off-normal contacts 115, and 
windings of release magnet 108 to battery. 
When the shaft of the connector switch is 
restored to normal, the off-normal springs 115 
are open and the circuit for the release mag 
net, 108 is thereby interrupted. 

In case all the trunks accessible to the con 
nector switch are busy, the shaft, at the 
eleventh rotary step, operates the cam springs 
119, 120 and 121. The rotary magnet upon 
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restoring, closes the circuit to relay 72 over 
the cam springs 121 and 120. Relay 72 at its 
amature 74 connects the rotary magnet again 
to the circuit, which, however, is incomplete 
on account of the cam springs 120 and 119 
being separated. A further rotation is there 
fore inhibited. At its armature 75, the relay 
72 closes the circuit for transmitting to the 
calling party the busy tone. This operation, 
as well as the operations for releasing the 
switch when the subscriber replaces his re 
ceiver in response to the busy tone have been 
described in detail previously. 
The tenth level of the connector is reserved 

for extending calls to the attendant in the 
private branch exchange, that is, the connec 
tor has access over the tenth level to trunks 
terminating in the attendant's cabinet. The 
operations of the equipment in connection 
with service to the attendant do not mate 
rially differ from the operations already ex 
plained. The service will therefore be de 
scribed only briefly and circuits will be traced 
only where it is necessary for the sake of easy understanding. 
When the calling party operates the calling 

device in accordance with the digit desig 
nating the tenth level, the line relay 57 will 
follow the impulses, and, at the back contact 
of armature 58, will close the circuit to re 
lay 63 in series with the vertical magnet 67. '- 
The vertical magnet raises the shaft, moving 
the wipers to the tenth level. 
The normal post spring designated 14 

operates on the ninth step of the shaft and 
closes the circuit to relay 72 through the 
make contact and armature 64 of relay 63. Accordingly, relay 72 operates. 
At the termination of the impulse series, 

relay 63 restores and closes the circuits to re 
lay 68 and the rotary magnet 100. The rotary 
magnet rotates the shaft, advancing the 
wipers to the first trunk, and opens the cir 
cuit to relay 72. This relay restores and 
opens the circuits to relay 68 and to the ro 
tary magnet. 
In case the first trunk encountered is idle, 

the connector switch seizes the trunk as ex 
plained previously in connection with the 
service to the distant main exchange. 
In case the first trunk should be busy, the 

rotary magnet on restoring, closes the cir 
cuit to relay 72 from ground on the private 
wiper 103. Relay 72 operates; closes its 
locking circuit; and closes the circuit to 
relay 68 and to the rotary magnet. The ro 
tary magnet, accordingly, rotates the shaft, 
advancing the wiper to the next trunk and 
opens the circuit to relay 72, which restores 
and opens the circuit to the rotary magnet. 
The foregoing operations continue until an 
idle trunk is found or until the wipers pass 
off the bank in the tenth level. 
When an idle trunk is found, removal of 
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ground from the private wiper 103 prevents 
further closing of the circuit to relay 72. 
Relay 68 restores and closes the circuit to 
the lower winding of relay 92 in series with 
ing relay 92 operates; closes the circuit to its locking winding; opens a part of the incom 
magnet 100, replaces the indirect ground on 
the private wiper with direct ground; and 10 
through the condenser 88 to 
party the ring backton 
When the attendant 

the calling 
nswers, a loop cir 

: 15 
relay 86 closes the circuit to its upper lock 
winding at its armature 89; removes the ring 
back tone from the calling line and connects battery to the trunk through the imped 
ance 76. . . . 
The attendant in the private branch ex 

change completes the desired connection, and 
conversation c 
the windings of relay 57. 

i Upon the termin 
thereby the circuits to the line relay 57. The 

30 line relay restores and opens the circuit to . Upon restoring, relay 59 removes 
grOll 

tact accessible to wiper 34; opens the locking 
circuit to relays 92, 86, and 50; and closes 

i5 the circuit to the release magnet 108, to cause 
the connector to release in a manner already 
described. 
level of the connector should be busy, the 
shaft, on the eleventh rotary step, operates. 
restoring, closes the circuit to relay 72 from 
ground through the cam spring 121 and 120. 

e operation of the switch from this point 
as explained in connection with the 

ran idle trunk leading to a dis 
main exchange . . . . . . . . ." ... 

The operation of the equipment in 
dant's cabinet will now be explained with 

to Figs. 2 and 3. However, be 

unting 
nt main 

reference 

ing features will be recalled which have been 
mentioned briefly in another paragraph. 
Fig.2 shows a trunkline comprising the 

trunk conductors 200, 201, which trunkline 
main exchange, and terminates in the private 

shown in Fig. 2. Connections are branched 
off from the trunk line to equipment in the 
attendant's cabinet in order to provide means 
for certain operations involving the attend 

65 ant, and the trunk line, as shown in this fig 

lure terminates normally in an incoming con 

the attendant cabinet. The switch 
- Y - , , , - . - - - - - - he incom- lines. These relays are shown in the lower 

plete circuit to relay 68 and to the rotary : ...... : . . . . . is . . . . 

il line and is, 
connects generator current to the calling line coni 

over the conductors 202, 20 
terminate in bank contacts 

cuit is provided for the operation of relay Fig.1. 
86 over its lower winding. Upon operating 

vided for night service. These conductors 
terminate in the line equipment of a pred 
Syd substation, and, by th 
Key 2 - - - - - - - - - - - - - S 

trunk from the main exchange directly to 
this substation. A call, coming in from 

- - - - - - - - - - main exchange, will, in operated position of : 

can take place, talking current. o 
being supplied to the calling station over 

‘. . . . .- n of the call, the call- exchange is provided with 
ing subscriber replaces his receiver and opens 

in the main exchange. N 

from the distributor bank con 

seized in the main exchange by a subscriber 

in as all trunks accessible to the tenth tential on the trink conductors 200 and 20 
the cam springs. 120. The rotary magnet on 

There is also shown an operator's telephone 
of the calling device. 246 the operato . . . . . . . . . 

. . . . " ". . . . . . . . . . abled to extend connections either to a sub 

quipment in the at- over the trunk lin 

ore opening the discussion of the equip ment shown in these figures, a few outstand- lays. These relays, in cooperating with the 

exchange in order to extend a connection to 

connects the private branch exchange with a 
branch exchange in the attendant's cabinet as 

nector switch shown in Fig. 3. . . . . . 
The outstading feature in connection with 

the attendant's cabinet consists in the unifi 
cation and combination of various relays it 
which are common to a plurality of trunk t 

part of Fig. 2. . . . . . ?'... 
The trunkline 200---201 is a two-way trunk 

accordingly, accessible to local 
connectors in the private branch exchange 

and 204 which 
certain levels 

the one shown in of the connectors 
The conductors 205, 206 and 207 are p ro 

208, the attendant connects the 
sylly 

incoming t 

th the key 208, always terminate substa 
The trunk, at its distant end in the main 

, , , , ... ', ineswitch for 

extending a call from the private branch ex 
change by way of selectors to a desired party 

Normally, there is 95 
ground and battery potential on the trunk. 
conductors 200 and 201 from the equipment 
of the lineswitch at the distant end of the 
trunk line. However, should the trunk be 
"...', or . e. . . . . . . . . . . . . . . . . . . ," . -, -, - ... ... " ... 100 desiring to extend a connection to the private 
branch exchange, the battery and ground po. 
will be reversed for a purpose 
explained later on. . . . . . 

i Various keys are provided at the atte 
ant's position, the purpose of which will be 
described as the description progresses. 

at 245, and a calling device 246. By means to 
is en 

scriber at the private branch exchange, or, 
e, to a subscriber in the main exchange. 

The relays 287 and 289 are impulsing re 
relay 283, enable the operator to transmit 
impulses to switches in the private branch 
a desired party. However, if the attendant is 
desires to extenda connection over the trunk 
line to the main exchange, her calling device 
246 will be connected in a direct loop circuit 
across the trunk conductors 200 and 201 in a 3 
manner that will be explained subsequently. 
In addition to the equipment intimated 

above, trunklines, such as the trunklines 250 
and 266, terminate at the attendant's position 
in keys 248 and 264. These trunk lines are 3: . 
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provided for two-way service within the pri 
Vate branch exchange, that is, a private 
branch exchange subscriber can reach the at 
tendant by way of one of these trunk lines, 
and the attendant, in turn, can extend a con 
nection to a private branch exchange sub 
scriber over one of the trunk lines. - 

Referring particularly to the incoming 
connector shown in Fig. 3, the principal fea 
ture shown in connection with this connector 
consists in relays which are individual to an 
incoming trunk line froin the main exchange, 
and in combining these relays with the equip 
ment of an incoming connector. 
Of this individual equipment, only the 

polarized relay 327 will be mentioned at this 
point of the explanation. This relay is nor 
mally bridged across the trunkline extending 
to the main exchange, and, since battery and 
ground potentials are provided on the distant 
end of the trunk line, the polarized relay 327 
is energized. Accordingly, the polarized re 
lay 327 is shown in operated position, where 
as the rest of the equipment of the incoming 
connector shown in Fig. 3 is shown in normal position. 
The detailed explanation of the various 

types of service provided at the attendant's 
cabinet will now be presented. 

It will be assumed first that a subscriber 
in the main exchange desires to extend a call 
to the attendant's position at the private 
branch exchange. - . - 

A connector switch in the main exchange 
seizes the trunk 200 and 201 leading to the 
attendant’s cabinet, and reverses the battery 
on the trunk, thereby causing the polarized 
relay 327 in the incoming connector associated 
with the trunk to restore. The polarized 
relay operates armature 328, thereby discon 
necting the conductor 302 from the conduc 
tor 303 and connecting the conductor 302 to 
ground over armature 320 and its resting 
contact. Following the conductor 302 to Fig. 
2, it will be seen that a circuit is closed for 
the busy lamp 302 and that ground is also 
extended to the conductor 204 which is the 
private normal conductor of the central office 
trunk accessible to a local connector in the 
private branch exchange. By grounding the 
conductor 204 in the local connector, a seizure 
of the central office trunk by a private branch 
exchange subscriber is prevented. - 
The connector in the central exchange 

places generator current on the trunk con 
ductors 200 and 201 in order to signal the 
attendant at the private branch exchange. 
The signalling current traverses the lower 
winding of relay 324 in the incoming con 
nector over the following circuit: Conductor 
200, springs 213 and 214 of key 208, conduc 
tor 305, resting contact controlled by arma 
ture 314, condenser 362, lower winding of 
relay 324, which is in parallel with an im 
pedance 380, resting contact and armature 
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322, resting contact controlled by armature 
316, conductor 306, springs 215 and 216 of 
key 208, and back to the central main ex 
change over conductor 201. The relay 324 
operates and closes at its armature 326 a hold 
ing circuit for itself over its upper winding to 
ground by way of armature 321 and its rest 
ing contact. At armature 325, the relay 324 
grounds the conductor 301, thereby connect 
ing a circuit for the answering lamp 301 at 
the attendant's position. 
The attendant, noticing the glowing of the 

lamp 301’, operates the key 223 in order to 
answer the call. This operation of the key 
223 connects the operator's telephone circuit 
245 across the central office trunk by Way of 
springs 228 and 229, and the springs 230 and 
231. At springs 232 and 233 of the key 223, 
the impulsing circuit is prepared for the 
operation of the incoming connector over the 
impulse conductor 307; at spring 233 and 
234, a circuit is closed for the relay 287 which 
extends from battery, winding of relay 287, 
resting contact and armature 284, closed in 
pulse contacts of the calling device 246, re 
lease key 247, springs 234, spring 233', to 
ground over armature 285 and its resting con 
tact. Relay 287 operates and closes its arma 
ture 288, thereby completing a circuit for the 
slow acting relay, 289. The latter relay op 
erates armature 290 closing thereby another 
point in the impulsing circuit to the incom 
ing connector. . . . . 
At springs 224 and 225 of key 223, a circuit 

is closed over conductor 303 for the relay 318 
in the incoming connector. This relay oper 
ates, and at its armature 322, removes the 
polarized relay 327 and the relay 324 from 
the trunk conductors, and connects the relay 
329 across the trunk conductors by way of 
armature 332 of relay 331. This bridging of 
the relay 329 across the trunk conductors 200 
and 201 provides a loop circuit for the opera 
tion of the usual ring-cut-off relay in the cen 
tral office connector, which operates and re 
moves the generator current from the trunk 
conductors. At armature 321, the relay 318 
opens the locking circuit for the relay 324, al 
lowing the relay 324 to restore, and to remove 
at its armature 325 ground from the conduc 
tor 301, which extinguishes the lamp 301. At 
its armature 319, the conductors 302 and 303 
are united, and ground is therefore main 
tained on conductor 302 from the springs 224 
and 225 and the conductor 303 in Fig. 2. 

Relay 329 operates from current supplied 
by the connector in the central main exchange, 
and closes, at its armature 328 a circuit by 
way of conductor 300 for the operation of 
the supervisory amp 300'. 
The holding key 220 is now operated, 

which closes a guarding circuit to relay 318 
over conductor 303 so that relay 318 will re 
main operated when the key 223 at the at 
tendant's position is restored. 
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The attendant obtains the name or number 
of the party desired in the private branch ex 
change and proceeds to set up a connection to 

.. hat party's line through the incoming con 
nector shown in Fig. 3. . 

Relay 287 of the common relay eq 
in the attendant's cabinet, is, as will 
membered, in a series circuit with the in 
pulse contacts of the calling device 246. Ac 

ingly, when the calling device is oper 
the relay 287 follows the impulses of 

. . . . . . . lling device, and, at 
unds the impulse con 

cu Vu - S4 Ju: ld its break con 
ict and armature 290, springs 

uctor 307, springs 335 and 
inding of the vertical 
When the connector 
by one step, the off 

operated, opening the 
is 335 and 334 sing circuits over springs 3 

tubstituting therefor the ci includ 
... . . . . i.e. , Relay 340 which is a slow 

r "... :- - - - ergized and has operated 
its armature The remaining impulses of 
the series are theref ransmitted over the 
spring 336 of the off-normal contact and over 

. . . . . . . 41 and its make contact. Relay 
ommon relay equipment in th 

'scabinet remains operated through 
ransmi nt of 

nergizes shortly afte 
. . . . . . . . . . . the impulse series and trans 
is the impulsing circuit to the rotary mag 

et 358. The rotary magnet is operated by 
the second series of impulses transmitted from 

SeeS. 

rillvil f, the rotary 
Relay 343 energizes in 

rotary magnet and operates, 
hort circuiting thereby the 

' in ord revent a premature 
ening of the impulsing circuit when the re 

rgizes as the private wiper 360 ad 34 

line 
the incoming connector. be assumed first that the desiredline 

its the relay 347 to the private 

60 encounters ground at the private bank 
ntact of the called line, and relay 347 oper 

circuit for itself which will be completed by 
the deenergized relay 343 shortly after the 
ermination of the impulse transmission. At 
armature 349, the relay 347 opens the circuit 

the rotary magnet, which, at the deener 
: ization of relay 343 will also be opened at 

armature 345. At armature 350, the relay 
25.347 closes a circuit for the transmission of a ... f. . . . . . 

busy tone to the trunk conductor 306. The ... 
busy tone is transmitted over a conductor 351. 

the attendant is informed that the desired 
line is busy, and will inform the waiting main 
exchange subscriber. . . . . . . . . . . . . 
Assuming now that the desired line is idle 

- the private wiper 360 does not encounter 
ground. Accordingly, the relay 347 does not 
the impulse transmission, relay 343deen 
gizes and moves its armature 344 . . . . . . . . . . . . 
position shown. This operation connects the 

circuit for the operation of the switching 

circuit over its upper winding at its arma 
ture 355. At armature 354, direct ground 90 
vate wiper 360 in order to busy the line. At 
armature 356, the circuit for the rotary mag: 
Inet 358 is opened; and at armatures 353 and 
completed. . . . . . . . . . . '", 
The attendant will now operate the ring 

a circuit for the relay 295 
e relay equipment in the atten 

series with the relay 312 at the incoming con 
ne. . . . . . . . . . . . . . . . . . . . . . . 

and 285, respectively, of relay 283. Follow. 
ing the conductors. 309 and 311, it will be 

armatures 315 and 317, and has thereby ic 

is is the case, the private wiper tion of the connection which leads to th 
At armature 313, the relay 312 has substi- - 

tes. At armature 348, it prepares a locking tuted a ground circuit on conductor 800 for 
328 of relay 329. 

tendant throws the ringing key 235, it will 

which terminates in a tone machine. Thus 

energize. Shortly after the termination of 
into 

lower winding of the switching relay 352. 
to the private wiper 360, and completes the 

relay. 352, from ground on conductor 302, 
armature 348 and its resting contact, lower winding of the switching relay 352, resting 
contact and armature 344, private wiper 360, st 
and battery over a bridge cut-off relay of 
the desired subscriber's line equipment. The switching relay operates and closes a locking 

from conductor 302 is connected to the pri 
At 

357 the connection to the wanted party is 95. 

ing key 235 shown in Fig. 2. This completes 
the common 

cabinet in 

it will be seen that the conductors 309 and 
311 are connected together over an impedance 
286 at contacts controlled by airmatures 284 105 

seen, that these conductors are now con 
nected across the incoming trunk conductors 
200 and 201 at armatures. 316i and 314 and 110 
their make c 
lated position 
of the trunkline 
nector from the called section, and the call 

tarmattire 344, the is held over the impedance 286. Relay 312 the incoming connector has also operated 

tacts, relay 312 being in op 
Therefore, the calling secti 
line is separated in the ico 

nected the conductors. 308 and 310 to the sec 
of the connection which leads to the 

the circuit which was provided by armature 
Since the relay 295 in the common relay 1:5 

equipment operates in series with the relay 
312 in the incoming connector when the at-, 
be apparent that ringing current is trans 
mitted to the called substation over the fol 
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lowing circuits: Current source 298, armature 
296 and its imake contact, conductor 308, 
armattle 317 and its make contact, arma 
ture 322 and its make contact, al'mature 357 
and its make contact, wiper 361, bell at the 
called substation, wiper 359 of the incoming 
connector, make contact and armature 353, 
arnature 315 and its make contact, conductor 
310, make contact, and armature 297 to ground. 

: The key 235 is not held in the ringing po 
sition but thrown at intervals to ring the 
called station. . . 
When the called party in the private 

branch exchange answers the call, relays 312 
and 295 being in position of rest, the circuits 
for relay 331 in the incoming connector is 
closed from battery at the central office trunk 
line through the loop at the called station. 
Relay 331 operates and opens the circuit to 
relay 329 at its armature 332. Accordingly, 
armature 328 of relay 329 removes ground 
from the conductor 300 and the supervisory 
lamp 300' is extinguished, indicating to the 
attendant that the call has been answered. 
The connection between the calling main 

exchange party and the private branch ex 
change subscriber is now completed. The 
branch exchange subscriber receives talking 
battery over the trunk line from the central 
main exchange. 
The called party at the private branch ex 

change restores the receiver to the switch 
hook when the conversation is completed, 
and opens thereby the locking circuit in 
cluding the relay 331 in the incoming con 
nector. Accordingly, relay 331 deenergizes, 
closing the circuit to relay 329. Relay 32 
operates over the loop provided by the inter'. 
office trunk and, at armature 328 grounds 
the conductor 300 to light the supervisory 
lamp 300'. This serves as disconinect super 
vision for the attendant. 
The attendant releases the holding key 220. 

Ground being removed from conductors 303 
and 302, the busy lamp 302 at the attendant's 
position will be extinguished; ground is also 
removed from the private normal conductor 
204 terminating in a bank contact of a local 

The interoffice trunk is 
therefore available for service from the pri. 
vate branch exchange to the main exchange. 
and closes at its armature 321 a circuit for 
the release magnet 339 from ground, resting 
contact and armat}}re 321. off-normal springs 
33S and 337, winding of the release magnet 
339 to battery. At armature 322 the relay 
318 reconnects the relay 324 and the polarized 
relay 327 across the trunk conductors. The 
polarized relay operates because the battery 
of the central office trunk is now supplied 
through the lineswitch at the distant end in 
the central main exchange. The non-induc 
tive resistance 380 in parallel with the lower 
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winding of relay 324 prevents discharge cur 
rent from operating relay 324 when connected 
to the trunk. . . . . . 

The operations described in the foregoing 
in connection with release take place if the 
main exchange party has also retired from 
the connection, that is, if the connector in the 
central exchange has released the interoffice 
trunk. In this case battery and ground po 
tentials are supplied to the trunk conductors 
from the lineswitch at the distant exchange 
end of the trunk line. Should the calling 
party at the main exchange be still on the 
line, the connector keeps battery and ground 
reversed on the trunk conductor, and, upon 
the release of the equipment as described, the 
polarized relay in the incoming connector, 
will remain at normal to hold the central 
office trunk busy to the attendant and to hold 
the incoming connector operated until the 
calling party disconnects. When the calling 
party replaces the receiver the connector will 
disconnect from the interoffice trunk and the 
battery supply of the trunk conductors will 
be reversed causing the polarized relay in 
the incoming connector to operate and to 
make the central office trunk available for 
outgoing service as described. 
The local connectors, such as the one shown 

in Fig. 1, have access to the central office 
trunk over the outgoing level. When a con 
nector in the private branch exchange seizes 
the central office trunk it grounds the con 
ductor 204 causing the lamp 302 to glow, 
and closing the circuit to relay, 318 in the 
incoming connector. Relay. 318 operates, 
locks to ground on conductor 302, and re 
moves the relay 324 and the polarized relay 
327 from the trunk, clearing the trunk of 
attachments. 
The local connectors in the private branch 

exchange have also access to the attendant's 
cabinet over trunks designated 250 and 266 
shown in Fig. 2. When a calling subscriber in the private branch exchange operates a 
connector such as the one shown in Fig. 1, 
into connection with one of these trunks, say 
with trunk designated 250, the conductor 253 
will be grounded, and a circuit will thereby 
be completed by way of the springs 255, and 
254 to lamp 249. This serves as a signal for 
the attendant notifying her that a call has 
been extended by a private branch exchange 
Subscriber. The attendant operates the as 
sociated trunk key, in the assumed case the 
key 248, thereby connecting her telephone 
circuit 245 across the trunk 250. This cir 
cuit may be traced from conductor 251, 
Springs 272 and 273 of key .248, release key 
247 and impulse springs of the calling de 
vice 246 in series, springs 261 and 260 of key 
248, switchhook, receiver and transmitter in 
Series, springs 257 and 256, and conductor 
252 to the calling branch exchange sub 
scriber. 
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The attendant obtains the name. or num 

ber of the party, desired, and restores the 

5 

20 

trunk key .248. She then proceeds to set up 
the connection to the desired party over a cen 
tral office trunk. The private branch ex 
change subscriber requesting the call discon 
nects an 

The attendant operates, the key. 223 associ 
ated with the central office trunk, thereby 
connecting her telephone circuit across the 
trunk conductors and closing the circuits to 
relay 318 in the connector in a manner al 
ready described. Relay 318 in the incoming 
connector operates and causes the busy lamp 
302 to glow by grounding conductor 302 at . 
armature 319. Ground, it will be remem 
bered is at this time also on conductor. 204 
which marks the central office trunk busy to 
other calling connectors in the private branch 
exchange. Relays 324 and 327 are removed 
from across the trunk conductors, and the 
loop circuit to the main exchange is closed 
by way of relay 329 in the incoming con 
nector. The attendant next operates the key 
336, transferring thereby the loop circuit 
across the central office trunk from relay 329 
in the incoming connector to her dialling 
circuit. . . 

30 Upon operating the key 336, a circuit is 
closed for the operation of the relay 283 in 
the common relay equipment at the attend 
ant's position in series with the relay 312 in 

3.35 

40 

50 

60. 

the incoming connector which may be traced 
from ground, winding of relay 283, springs 
238 and 237, springs 227 and 226, conductor 
304, and winding of relay 312 to battery. 
The operation of the two relays 283 and 312 

responsive to the actuation of key 336 effects 
the transfer of the loop circuit of the inter 
office trunk, from relay 329 to the dialling 
equipment of the operator which may be 
traced as follows: Conductor 200, springs 
213 and 214, conductor 305, make contact and 
armature, 314, conductor 311, make contact 
and armature 285, springs 233 and 234, re 
lease key 247, impulse springs 246, armature 
284 and its make contact, conductor 309, ar 
mature 316 and its make contact, conductor 
306, springs 215 and 216, and trunk conduc 
tor 201 back to the central exchange. 
The operator at the private branch ex 

change now dials the number of the party de 
sired, actuating thereby the Switches in the 
central office to set up connection to the line 
of the wanted party. The key 336 is restored 
after the required digits have been transmit 
ted to the central office. Switches, and, upon restoring the key, the operator's telephone 
circuit is again connected across the central 
office trunk, and the trunk loop, which, dur 
ing dialling extended over the calling device 
246 is again transferred to the loop including 
relay 329 of the incoming connector. Relay 

is 329 therefore operates and connects ground to 

it waits until he is called by the at 

energizes it closes a circuit for relay 287 from 
ground at its armature 285 by way of springs 

13 

lamp 300. 3. ......: ... : : i. 
The reconnection of the loop including the 

relay 329 in substitution of the loop includ 

conductor 300 in order to light the supervisory 

ing the impulse device 246 at the attendant's to 
position was brought about by the restora 
tion of the key 336, which, at the contact 
springs 237 and 238 disconnected the circuit 
of relay 283 and 312. When relay 283 de 

233 and 234, and over the impulse device 246, 
5. 

in order to prepare the impulsing circuits for 
the incoming connector shown in Fig. 3. . . . 

If the desired party in the main exchange 
answers, the attendant at the private branch 
exchange will proceed to set up the connec 

80. 

tion to the private branch exchange sub 
Scriber who requested the call. This connec 
tion will be set up over the incoming connec 
tor as follows: . . . . . . . . . . . 
The attendant operates her calling device 

246 in accordance with the digits designating 
the private branch exchange subscriber's line. 
The impulses produced by the calling device, 
246 deemergize the relay 287 a number of times 
in rapid succession, and this relay at its arma 
ture 288 transmits impulses to the incoming 
connector by way of the impulse conductor 
307 in a manner already described in detail. 
in a previous section of this specification. 
The incoming connector is thus operated into 
connection with the line of the private branch 
exchange subscriber who requested the call. 
The key 220 at the attendant's position is 

next operated in order to hold the connection, 
and the key 235 is operated in order to trans 

85 

95 ..., 

OC 

mit ringing current to the private branch 
eXchange subscriber. The ringing operation 
which follows the actuation of the ringing 
key 235 has already been described in de 
tail and shall not be repeated. While ringing 
current is placed on the line, the connection 
to the party in the central office is held 
through the impedance 286 at the attendant's 
position in the usual manner. 

05 

10. 

When the private branch exchange sub 
scriber answers the call he completes the loop 
circuit over the central office trunk, which cir 
cuit includes the relay 331. This relay op 
erates and opens at its armature 332 the cir 
cuit of the relay 329. Relay 329 releases and 
opens the circuits to the Supervisory lamp 
300 which indicates to the attendant that 
the branch exchange subscriber has answered. 
The connection is now held by the subscriber 
who requested the call by way of both trunk. 
conductors and the 
connector. - - - - . . . . . ; 

Relay 331, in the incoming connector re 
stores when the party who requested the call 
replaces his receiver, and, in restoring, con 
nects the relay 329 across the central office 
trunk to maintain a loop for holding the con 

relay 331 in the incoming 

nection in the central office. Relay 329 op 

5. 

120. 
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erates and causes the supervisory lamp 300 
to glow in order to notify the attendant that 
the private branch exchange party has re 
tired from the call. 
The attendant then releases the connec 

tion by operating the holding key 220 into 
normal position. This removes ground from 
the conductor 303 and from the conductor 302. 
The busy lamp 302 is thereby extinguished; 
ground is removed from the private normal 
conductor 204 terminating in the multiple of 
the local connector switches; making the cen 
tral office trunk available for outgoing Serv 
ice; and opens the circuit of relay 318 in 
the incoming connector. Relay 318 restores 
and removes relay 329 from across the central 
office trunk causing the connection in the cen 
tral office to release. 
The attendant, as was previously inti 

nated, has access to the local connectors 
over the trunks such as 250 and 266 terminat 
ing in keys 248 and 264 respectively. When 
the attendant desires to establish connection 
with a private branch exchange subscriber, 
she operates a trunk key such as 248 for ex 
ample, connecting her telephone circuit 245 
across the trunk conductors 251 and 252, 
which causes a finder switch, such as the One 
shown at F in Fig. 1, to find this trunk 250 
and to extend it to a local connector Such as 
the one shown at C in Fig. 1. The attendant 
dials the number of the party desired, caus 
ing the local connector to set up a connec 
tion. The dialling circuit extends in this case 
from the trunk conductor 251, springs 272 
and 273, release key 247, inpulse contacts of 
the calling device 246, springs 261 and 260, 
switchhook of the operator's telephone cir 
cuit 245, contact. 245, which is operated by 
the dial 246, springs 257 and 256, and back to 
the local connector over the trunk conduc 
to 252. 
Should the trunk 266 be taken in service in 

stead of trunk 250, the dialling circuits may 
be traced from conductor 268, springs 22 
and 273, springs 258 and 257, contacts 245’, 
switchhook of the operator's telephone cir 
cuit, springs 260 and 259, springs 276 and 
277, impulse springs 246, release key 247, 
springs 279 and 278, back to the local connec 
tor over the trunk conductor 267. 

It will be apparent from the above expla 
nation that the dialing circuit employed by 
the attendant at the private branch exchange 
differs with the service rendered. When a 
call is extended to a private branch exchange 
subscriber by taking into use one of the trunks 
250 or 266, the dialling circuit involves a loop 
circuit with the impulse contacts of the call 
ing device 246 directly bridged across the 
dialling conductors. The same is the case 
when the attendant at the private branch ex 
change desires to extend a connection to a 
subscriber in the central main exchange. 
However, when the operator at the branch 
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exchange extends a call to a branch exchange 
subscriber by way of the incoming connector 
shown in Fig. 3, which is the case when a cen 
tral main exchange subscriber calls the at 
tendant and requests the connection to a 
branch exchange subscriber, the dialling cir 
cuit will involve the interrupter relays 287 
and 289 which are controlled by the attend 
ant by means of the calling device 246. 
The conductors 205, 206 and 207 are, as has 

already been intimated, reserved for provid 
ing night service. When the night key 208 
is in operated position, the night telephone 
connected to the conductors 205, 206 and 207 
is directly connected with the central office 
trunk. The central office trunk is made busy 
to other connectors in the private branch ex 
change at springs 209 and 210 of the key 208 
which connects ground to the private normal 
conductor 204 terminating in bank contacts 
at local connectors. The number of night 
telephones required govern the number of 
central office trunks used for night service. 
The purpose of the release key 247 will be 

explained next. It will be remembered that 
the release key 247 is, in every case where the 
calling device 246 is used, connected in series 
with the impulse contacts. Should the at 
tendant desire to release a partly established 
connection, she will stop operating the call 
ing device 246 and will open the release key 
247. This of course opens the loop circuit 
to the switch in question and that switch re 
leases. This provision is necessary since it 
may happen that the operator discovers dur 
ing the operation of the impulse device 246 
that she has dialled the wrong number. In 
order to forestall Wrong connections she has 

ins in the key 247 to release an incompleted 
Call. 

At 280 is shown a buzzer which may be con 
nected to an armature 292 of relay 291 by 
means of a key 281. This provision is most 
ly used in night service or under similar con 
ditions, for example, when the attendant is 
also charged with various other duties auxil 
iary to her duty of attending to the switch 
board. If this is the case, the key 281 is in 
operated position and at spring 282 the 
buzzer is connected to the armature 292 of 
relay 291. Now, should a call come in, re 
gardless whether the call is from the central 
exchange or from a subscriber in the private 
branch exchange, the relay 291 will in any 
case be operated and will operate its armature 
292 thereby closing a circuit for the buzzer 
280. 

Having described the equipment in de 
tail, it will be seen, that the invention dis 
closes a very efficient and relatively simple 
arrangement useful for private branch ex 
changes. It will be understood that modi 
fications are possible without departing from 
the spirit of the invention, and it will there 
fore be appreciated that it is not desired 
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to use the invention precisely as shown in the 
accompanying drawings, but to apply its feat 
tures in accordance, with the Scope of the 
appended claims. . . . . . . . . . . . . . . . . . . . . . 
What is claimed is: ... . . . . . . . . .3 
1: In a telephone system, a main exchange, 

a private branch exchange provided with an 
attendant's position, a two conductor trunk 
line interconnecting said: exchanges and ter 
minating at said position, a calling device, 
means at said position for connecting, said 
calling device directly across said trunk line 

: 

. 5 

O 

(55 

for directively extending a call to a substa 
tion in said main exchange, an automatic 
switch in said branch exchange, an impulse 
repeater, means for connecting said calling 
device and said repeater to said Switch, and 
means in said switch controlled by said re 
peater in response to its actuation by Said 
calling device for operating said automatic 
switch to extend a connection to a substation 
in said branch exchange. . 

2. In a telephone system, a main exchange, 
a private branch exchange provided with an 
attendant's position, a two-conductor trunk 
line interconnecting said exchanges and ter 
minating at said position, a calling device, 
means at said position for connecting said 
calling device directly across said trunk line 
for directively extending a call to a substa 
tion in said main exchange, an automatic 
switch in said branch exchange, an impulse 
repeater, means for connecting said calling 
device and said repeater to said Switch, means 
in said switch controlled by said repeater in 
response to the actuation of said calling de 
vice for operating said automatic Switch to 
extend a connection to a substation in said 
branch exchange, and means at said position 
for uniting said substations in a conversa 
tional circuit. 

3. In a telephone system, substations, an 
operator's position, switches accessible to said 
substations and to said position for extend 
ing calls, a calling device at said position, 
means at said position for seizing one of Said 
switches and for directly connecting said 
calling device to said seized switch for direc 
tively extending a connection to a substation, 
other switches accessible only to said posi 
tion, a repeater, means for connecting said 
calling device to said repeater, and means 
controlled by said repeater responsive to the 
actuation of said calling device for operat 
ing one of said other switches to extend a call 
to a substation. - 

4. In a telephone system, substations, an 
operator's position, Switches accessible to said 
substations and to said position for extending 
calls, a calling device at said position, means 
at said position for seizing one of said 
Switches and for directly connecting said 
calling device to said seized switch for direc 
tively extending a connection to a substa 
tion, other switches accessible only to said 

tmeans of said impulse device to 

exchange, a distant main exchange, a plural 
ity of two-conductor trunk lines intercon 

15 
position, an impulse producing device com: 
prising a plurality of relays, means for seiz 
ing one of said other switches and associati 
ing said impulse producing device there with, 
and means for controlling said. Switch by 

extend a con 
nection to a substation. . . . . . . . . . . . 

5. In a telephone system, Substations, an 
operator's position, switches accessible to 
said substations and to said position for ex 
tending calls, a calling device at said posi 
tion, means at said position for Seizing one 
of said switches and for directly connecting 
said calling device to said seized switchfor 
directively extending a connection to a sub 

to 

80 
station, other switches accessible only to said 
position, means for seizing one of said other 
switches, a repeater, said second means for 
connecting said calling devices and said re 
peater to said seized other switch, and means 
in said seized other switch controlled by said 
repeater responsive to the actuation of said 
calling device for operating said seized other 
switch to extend a connection to a substation. 

6. In a telephone system, a private branch 
exchange, a distant main exchange, a plural 
ity of two-conductor trunklines interconnect: 
ing said exchanges, each trunkline terminat 
ing in the branch exchange in an automatic 
connector switch, an attendant operator's po 
sition at said branch exchange having means 
for manipulating said trunklines, a plural 
ity of relays at said position provided for 
the common use of all trunklines and asso 
ciated connectors, and a plurality of relays 
provided in each of said connectors and servi 
ing exclusively, the trunk line associated 
therewith. . . . . . . . . . . . . . . . . . . . . . . ; 

7. In a telephone system, a private branch 

90 

5. 

100 

105 

necting said exchanges, each trunkline ter 
minating in the branch exchange in an auto 
matic connector switch, an attendant opera 
tor's position at said branch exchange having 
means for manipulating. Said trunk lines, a 

110 

plurality of relays at said position including 
impulse repeating relays and a ringing relay 
for the common use of all trunklines and as . 
sociated connectors, and a plurality of relays 115 
provided in each of said connectors and - 
serving exclusively the trunk line connected 
thereWith. . . . . . . . . . . . . . . . . . . 

8. In a telephone system, a private branch 
exchange, a distant main exchange, a two 120 
conductor trunkline interconnecting said 
exchanges and terminating in said branch. 
exchange in an automatic connector Switch, 
an attendant's position at said branch ex 
change, a manually operable calling device, 125 
means for connecting said calling device di 
rectly to said trunk line for actuating 
switches in said main exchange to extend a 
connection to a certain station thereat, a . separate automatically operable impulse 130 
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transmitter and means for connecting said 
transmitter to said connector switch for ex 
tending a call to a branch exchange station. 

9. In a telephone system, a private branch 
eXchange, a distant main exchange, a two 
conductor trunk line interconnecting said ex 
changes and terminating in said branch ex 
change in an automatic connector Switch, 
an attendant's position at said branch ex 
change, a manually operable calling device, 
means for connecting said calling device di 
rectly to said trunk line for actuating 
Switches in said main exchange to extend a 
connection to a certain station thereat, a sep 
arate automatically operable inapulse trans 
mitter, means for connecting said calling de 
vice to said transmitter to control the same, 
and means for connecting said transmitter 
to said connector to operate the same to 
extend a call to a branch exchange station. 

10. In a telephone system, a private 
branch exchange, a distant main exchange, 
a two-conductor trunk line interconnecting 
said exchanges and terminating in said 
branch exchange in an automatic connector 
Switch, an attendant's position at said 
branch exchange, a manually operable call 
ing device, means for connecting said calling 
device directly to said trunk line for actuat 
ing Switches in said main exchange to extend 
a connection to a certain station thereat, a separate automatically operable impulse 
transmitter, means for connecting said call 
ing device to said transmitter to control the 
Same, means for connecting said transmitter 
to said connector to actuate the same to ex 
tend a connection to a branch exchange sta 
tion, and means for uniting said stations in 
a conversational circuit. 

11. In a telephone system, a main ex 
change, a branch exchange, a plurality of 
two-way trunks interconnecting said ex 
changes, each of said trunks terminating in 
a connector Switch in the branch exchange, 
an operator's position at the branch ex 
change having access to said trunks, a call 
ing device and a repeater at said position, 
means for bridging said device directly 
across one of said trunks for extending calls 
from the branch exchange to the main ex 
change, and means for bridging said de 
vice and said repeater across a trunk for 
operating the associated connector switch 
for extending calls from the main exchange 
to the branch exchange. 

12. In a telephone system, a main ex 
change, a branch exchange, an operator's 
position at the branch exchange, a plurality 
of two-way trunks interconnecting the ex 
changes and accessible to said position, each 
trunk terminating in a connector switch in 
the branch exchange, a plurality of two-way 
trunks connecting said position with the 
branch exchange, a calling device and a re 
peater at said position, means for bridging 
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said calling device directly across any one 
of said trunks for extending calls from said 
position to the exchanges, and means for 
bridging said device and repeater in Series 
across one of the first mentioned trunks for 
operating the associated connector switch to 
extend a call from the main exchange to the 
branch exchange. 

In witness whereof, I hereunto subscribe 
my name this 22d day of November, A. D. 
1927. 

ROY FIERO GOULD. 

O 

75 

80 

90 

00 

O 

20 

30 


