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1

The present invention relates in general to tele-
phone systems, and more particularly to systems
of the type commonly known as private auto-
matic telephone exchanges.

Private automatic telephone exchanges are in-
stalled in business and other establishments for
providing local service between a relatively small
number of local telephone staticns, and for com-
pleting connections between the local telephone
stations and another telephone exchange over
trunk lines. -

An object of the invention is to provide an eco-
nomically arranged private automatic telephone
exchange wherein the minimum amount of
switching equipment is required to enable a local
telephone station to connect with a particular
trunk line extending to another telephone ex-
change, and which ean be manufactured very in-
expensively, without sacrificing the desirable
service facilities usually provided in more costly
types of private exchanges.

Ancther cbject of the invention is to provide
a new and novel arrangement whereby intercon-
nections between the loecal telephone stations in
the local automatic exchange, and interconnec-
tions between local telephone stations and trunk:
lines leading to a distant exchange, are com-
pleted by means of non-numerical switches un-
der the control of the loeal telephone stations.

A Turther object of the invention is to provide

in the local automatic exchange novel arrange-

ments wherehy certain local telephone stations

27 Claims, (Cl 179—18)
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telephone exchange. of the foregoing character

- for accomplishing the various telephone connee-
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are permitted to call through to a distant ex-

change over the trunk lines interconnecting the
two exchanges, and other local telephone stations
are automatically barred from connecting with
the trunk lines when they attempt to make out-
going trunk calls. to the distant exchange.

A still further ebject of the invention is to pro-
vide in the local automatic exchange special serv-
ice facilities additional to the facilities ordinarily
provided for the handling of trunk connections
between the loeal exchange and the distant ex-
charge. These additional facilities include novel
means for enabling certain of the local telephone

stations to connect automatically with a previous- |

Iy estahlished trunk-line connection whenever

39

40

tions in a simple and efficient manner. ]
A feature of the invention is tht provision of
an improved call allotter which controls the ex-

tension of marking designations to a single mas-

ter switch for the purpose of operating the mas-
ter switch to cause the connection of the non-
numerical switches of the local telephone sta-
tions to local interconnecting links or two-way
trunk lines. The call allotter so controls the ex-
tension of the marking desigrations to the master |

switch that one local station non-numerical switch

1s eifective at a time and, therefore, there can be
no false local link or trunk-line assignments due

to simultanecus calls for connections.

Another feature of this invention resides in the
cireuit arrangement whereby a calling local tele-
phone station is given a distinctive signal when
actuating the connect key associated with g, pre~
viously engaged trunk line for indicating to the .
calling telephone station that the particular trunk
IIne is in prior use. The calling local telephone
station thereupon actuates the connect key as-

‘soelated with ancther trunk line and, assuming

that this latter trunk line is free, the actuation
of the second trunk connect key causes the con-
nection of the calling telephone station with the
idle trunk line, o
A further feature of the invention is the pro-

vision in each trunk line of a novel self-locking

heolding circuit which does not guard the trunk
line from another calling local telephone station
after the ealling local station whieh set up the
holding condition in the particular trunk line re-
leases from. the held trunk line. Hence, a local
telephone station normally barred from directly
connecting with a trunk line for the purpose of
making an outgoing trunk call to the distant ex-
change, can connect with a held trunk line and
compiete an outgeing call to the distant exchange.

A still further feature of the invention relates
to the reduction of switching equipment. FEach

~ trunk line from the distant exchange is directly

45

such: local telephone stations, initiate a call for the

particular engaged trunk-line, means for com-
bleting ouigoing trunk calls for the local tele-
phene stations normally barred from making such
calls cirectly over the trunk lines, and means for
establishing a conference cirecuit connection be-
tween any trunk line and two or more local tele-
phane stations.

Ancther ohject of the invention is to provide
new and novel circuil means in an automatic

o0

accessible to the non-numerical switches of the
local telephone stations, and connections between
the trunk lines and the local telephone stations
are completed without using the local intercon-
necting links in any manner.

Aneother feature of the invention is the ac-
cessing of each two-way trunk line from the local

- telephone stations by means of three separate

55

control leads, each control lead terminating at a
different point in the trunk line, thereby provid-
ing facilities so that certain local telephone sta-
tions can connect with any trunk line on both

- incoming calls from and outgoing calls to the dis-
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tant exchange, other local telephone stations can
connect with the trunk lines only when answer-
ing incoming trunk calls, and still other local
telephone stations can connect with the ftrunk
lines on both incoming and outgoing trunk calls
even though the selected trunk line is in prior
use. -

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 perusal of
the following detail description of the drawings
comprising Figs. 1 to 8 inclusive, which show by
means of the usual circuit diagrams a sufficient
amount of apparatus to enable the invention to
be described and understood.

Fig. 1 illustrates, at the left-hand edge, two
local station telephone instruments each
equipped with a series of interlocking push
huttons by means of which a person at the as-
sociated station telephone can make angd receive
local calls, make and receive trunk calls, and
hold a trunk call. Two lineswitch circuits, one
for station #2{ and one for station #20, are
shown at the center of Fig. 1. The wipers and
banks associated with the two line switches are
shown at the riecht of Fig. 1, together with the
multiple connections to other lines switch banks.

Fig. 2 shows, in the upper portion, the *“units”
and “tens” relays associated with the local sta-
tions for permitting one call at a time to be
registered for extension to a local interconnect-
ing link or to a distanf-exchange trunk circuit.
Tn the lower portion of Fig. 1 are shown the re-
lays which pre-assign a free local interconnect-
ing link. |

Fig. 3 shows the portions of local intercon-
necting links #I1, #2 and #3 which co-operate
with the relays of Fig. 2 for- connecting local
stations to the local interconnecting links.

Pig. 4 shows in its lower lefi-hand corner a
master switch for aligning the plungers of the
station line switches with the proper contacts
of the banks connected to the local intercon-
necting links and to the distant-exchange trunk
circuits. The balance of Fig. 4 shows most of
the relays and circuit of local interconnecting
link #1.

Pig. 5 shows in its upper right-hand corner the
telephone instrument and associated interlock-
ing keys for local station #30. At the upper
center, is shown the lineswitch circuit associated
with local station #30 and, at the upper left,
the wipers and banks of line switch #30 together
with the multiple connections to other lineswitch
banks., In the lower portion of Fig. 5 are shown
two switching relays associated local intercon-
necting link #{. |

Fig. 6 shows the register relays for registering
the digits dialled by a calling local station when
making a call to another local station.

Fig. 7 shows, in the upper portion, the relays
and circuit of distant-exchange trunk #I[. In
the lower portion of Fig. 7 is a plan illustrating
the order in which the drawings may be assem-
bled to form 2 continuous circuit diagram.

Fig. 8 illustrates in simple diagrammatic form
the association of three local interconnecting
links and four distant-exchange trunk lines with
the banks of the local-station lineswitches,

The telephone system disclosed in Figs. 1 to 7
inclusive is an automatic telephone system

wherein all the local telephone stations may con-

4

" nect with each other and may answer incoming
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calls from a distant exchange, other local tele-
phone stations may also make outgolng calls to
the distant exchange, and certain local telephone
stations enjoy all of these services and, in addi-
tion, may connect with a previously engaged
trunk line.

Referring now to Fig. 1, all local stations, such
as stations #20 and #21, are each equipped with
a standard well-known automatic telephone in-
strument comprising a cradle-type receiver and
transmitter handset piece, a cradle switch and
associated contact springs, an induction coil, and
a ringer. Since the arrangements of these com-
ponents and the interwiring of same are well
known, no detail circuit diagrams of the instru-
ments are included in Fig. 1, the instruments at
stations #20 and #2i being represented by
squares {0 and [i0 respectively. Associated
with each telephone instrument is a set of key
switches mechanically interlocked with each
other and with the cradle switch in a manner
similar to that disclosed in Patent No. 1,783,310
dated December 2, 1930. Each station telephone
instrument is fitted with a common local-call
connecting key switch, a common trunk-line

" holding key switch, and an individual connect-
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of the

ing key switch for each trunk line. In Fig. 1, two
individual trunk-line connecting key
switches are shown for each of stations #20 and
#21, which provides sufficient key switch equip-
ment to illustrate properly the interwiring be-
tween the key switches.

Fach local station line terminates at the
switching equipment in a plunger lineswitch of
the well-known 10-trunk self-aligning type such
a5 is disclosed in the patent to Obergiell, No. 1,-
720,342, issued July 9, 1929, whereln the plunger,
when released, returns immediately to the con-
trol of a master switch. The lineswitch &asso-
ciated with a local station is “plunged” into &
local interconnecting link or a distant-exchange
trunk line, as directed by the operation of the

related connecting key switch at the local-station

telephone, the proper lineswitch hank bheing se-
lected by the action of the master switch. 'The
master switch is of the well-known solenoid type
similar to that disclosed in Patent No. 1,185,510,
dated May 30, 1916, in which a U-shaped spring
moves the switeh wipers step by step in one di-
rection under the control of an escapement and,
when the last wiper bank contact has been
reached, a solenoid quickly returns the switch
wipers back to the starting point.

Each local interconnecting link is permanently
wired to two separate trunks of the lineswitch
banks, one of these two trunks permitting a call-
ing local station to connect with the link, and the
other trunk enabling the calling local station to
connect with a desired local station through the
link. The distant-exchange ftrunk lines each
have one appearance in the lineswitch banks.
The relationship of the links and the distant-ex-
change trunk lines to the lineswitch bank trunks
is shown in simple diagrammatic form in Fig. 8
wherein station A is connected to station B by
way of lineswitch 881, link #{ and lineswitch
802: station C to station D by way of lineswitch
803, link #2 and lineswitch 804: station E to
trunk line #1 by way of lineswitch 805; and sta-
tion F to trunk line #2 by way of lineswitch 818&.
It is obvious that other arrangements of links
and trunk lines may be employed.

The local-station lines are divided into groups

»5 of ten lines each, For example, group #1 con-



5
sists of lines #10 to #19 inclusive, and group
#2, of lines #20 to #29 inclusive. Similarly,
group #3 consists of lines #30 to #39 inclusive,
and so on for other groups. In order to simplify
the drawings, this disclosure includes equipment
for only stations #20 and #2( of group #2 and
for station #36€ of group #3. It should be under-
stood, however, that groups #2 and #3 respec-
tively consist of stations #20 to #29 inclusive and
stations #30 to #3§ inclusive, and that related
lineswitches, relays, contacts and wiring, al-
though not shown, are similarly provided. Also,
other groups can be included. |

It should be further understood that while g
plurality of battery connections are shown in

the drawings, they are preferably the same bat-

tery, Also, in order to simplify the drawings
further, details of the ringing current, dial and
busy tone generators have been omitted, as well
as contacts for closing the starting circuits of
the generators.

The relay-type call alotter illustrated in Fig. 2
permits one initiated call from the local stations
to be registered at a time for extension to a local
interconnecting link or to a distant-exchange
trunk line. The three local interconnecting links
shown in Fig. 8 are allotted in numerical sequence
in the manner well known in conventional all-
relay systems. The tens relay 220 is associated
with local station group #2, and the tens relay
230 with local-station group #3. Tens relays for
other local-station groups would be connected
in 2 similar manner. Ten units relays are pro-
vided, but only the first units relay (relay 201)
and the tenth units relay (relay 210) are shown
in Fig. #2, it being understood that units relays
202 to 299 inclusive would be wired in a manner
similar to that shown for relays 201 and 210.
The energizing circuits for the tens relays and
the units relays are each chained in series cir-
cuits through the respective relays for prevent-
ing more than one tens relay and one units relay
from operating at one time. Hence, 3 second
local station cannot be connected with a Ioea]
link or a trunk line while another local station
is being connected with a local link or s trunk
IIne. The tens relay chain circuit is continued
In series through relays 310, 320 and 330 of local
links #1, #2 and #3 for preventing a local link
from connecting a called local station with the
link while another station is being connected
with a Jocal link or a trunk line, and vice verss,.

The six relays designated 610 to 660 inclusive
in Fig. 6 register the impulses from g local sta.
tion making a local call. These relays advance
In the well known manner, in accordance with
the digit dialed, digit “1” operating relay 610,
digit “2” relays 610 and 620 in succession, and
so on with digit “6” operating relays 610, 620,
630, 640, 650 and 660 in succession. Digit “7”
operates relay 610 a second time: digit “8,” relays
610 and 620 a second time: digit “9,” relays 610,
620 and 630 a second time: and digit “0” relays
610, 620, 630 and 640 a second time.

Facilities are provided so that certain loeal
stations may be restricted from making outgoing
calls over the distant-exchange trunk lines. Pro-
vision is also made for conference service on
trunk calls. |

The invention having been described generally,
a detalled operation of the equipment will now
he given. Tor this purpose it will be assumed
that the call allotter shown in Fig. 2 has pre-as-
signied local intereonnecting link #1i, and that
there are no local or trunk calls in progress. With
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_ 6 _
these conditions of operation, the equipment is
in the position shown in the drawings.

Local calls

Briefly, local calls are completed in the follow-
ing manner: The person at the calling station
lifts thie handset piece from the cradle of the tele-
bhone, depresses the local-call connecting key
into the operated position where it locks and,
after receiving dial tone, dials the telephone
number of the desired local station. If the called
station is not busy, the station will be rung auto-
matically and intermittently. If the called sta-
tion is in use, the person at the calling station
will receive busy tone. The release of the local
connection is under the control of the person at
the calling station. |

In order to describe a local call in detail, it
Wil now be assumed that station #28 desires to
call station #30. Responsive to the lifting of
the handset piece snd the subsequent depressing
of the local-call connecting key at station #20,
line relay 20 is operated from ground by way of
contact 43 of station #20 lineswiteh, conductor
62, contact I3 of local-call connecting key, di-
rect-current loop through telephone 19, con-
ductor &1, contact 44 of station #20 lineswitch,
winding of relay 28 to negative battery. At ar-
mature 24, relay 20 completes the circuit to tens
relay 220 from ground by way of contact 35 of
station #20 lineswitch, armature 24, conductor

209, winding of relay 220, armatures 225, 241,

conductor 273, armatures 315, 325, 335, con-

| ductor 274, armatures 235, 227, resistance 2i8 to

30

4.0

negative battery. Tens relay 220 operates and
locks to ground by way of conductor 269, wind-
ing of relay 220, armature 228, resistance 219 to
negative battery. |

At armature 2283, tens relay 228 completes the
circuit to units relay 219 from ground by way of
contact 34 of station #29 lineswitch, armature

~ 23, conductor 268, armature 223, winding of

45

60 by way of armatures.218, 27, conductor 264,

99

60

65
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75

‘the manner described in the

units relay 210, armatures 212, 242, 214, 285
resistance 288 to negative battery. Units relay
210 operates and locks to sround by way of con-
ductor 268, armature 223, winding of units relay
210, armatures 218, 2685, resistance 208 to nega-
tive battery. At armature 216, units relay 240
connects ground to the local start conductor 262

contact 12 of local-call conhecting key, condiuc-
tor 83, armature 2{ to local start conductor 263.
Ground on the local start conductor 263 com-
pletes the circuit to start relay 3%0 of local in-

terconnecting link #/! by way of armature 248

and working contact, conductor 278, winding of
start relay 350 to negative battery, causing start
relay 380 to operate. IL.ocal interconnecting
link #1 was pre-assigned for use in this call in
following para-
craph, | |

The local interconnecting links are pre-as-
signed in numerical sequence by means of the
call allotter relays 245, 258 255 and 250 operat-

Ing In a cyeclic manner well. known in all-relay -

systems. Relay 245 is associated with link #1,
relay 250 with link #2, relay 255 with link #3,
and relay 260 is common to relays 245, 258 and
255. When all four relays are at normal, the
circuit to relay 269 is completed from ground,
armatures 247, 252, 257, winding of relay 268 -
to negative battery, causing relay 288 to opLr-
ate. At armature 261, relay 260 completes the
circuit to relay 245 from ground, armature 251,

resting centact of armature 248, conductor 284.
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busy switch 355, conductor 345, armature 413,
conductor 344, conductor 219, upper winding of
relay 245 to negative battery - Relay 245 oper-
ates and locks to ground, lower winding of relay
245, armature 248 and working contact, con-
ductor 284, busy switch 355, conductor 348, ar-
matiure 415, conductor 344, conductor 219, upper
windine of relay 245 to negative battery. At
armature 246 and working contact relay 249 ex-
tends local start conductors 263 and 249 to start
relay 380, thereby pre-assigning link #I. In
o like manner to that just described for the
operation and locking of relay 245, relay 260
also causes relays 250 and 235 to operate and
lock., At armature 251 and working contact,
relay 259 closes a point in the circuit of start
relay 388 associated with link #2; and, at arma-
ture 256 and working contact, relay 295 similarly
closes a point in the circuit of start relay 370
associated with link #3. It is obvious that start
relay 3608 of link #2 cannot be extended to local
start conductors 263 and 249 until relay 245 as-
sociated with link #1{ is restored, and that start
relay 370 of link #3 cannot be extended to lecal
start conductors 263 and 249 until both relay
245 associated with link #! and relay 259 as-
sociated with link #2 are restored. Relay 245
is restored when link #1{ is seized by a call origi-
nated by g local station, and relay 2{8 then ex-
tends local start conductors 283 and 239 to start
relay 3680, thereby pre-assigning link #4. In a
similar manner, relay 255 extends local start con-
ductors 263 and 249 to start relay 376 wihen relay
2580 restores, thereby pre assigning link #a3.
When relay 255 restores as link #3 is seized, the
circuit to relay 260 is completed from ground,
armatures 247, 252 and 257 in series, winding of
relay 260 to nen'atwe battery, causing relay 260
to operate and again complete the operating
circuits to relays 245, 250 and 255, With all
three relays 245, 250 and 255 operated and
locked, link #1 is again pre-assigned to local
start conductors 263 and 248, Relay 2060 is slow
~ to release, and armatures 248, 253 and 258 are
fitted with contacts of the make-before break
type, to insure that relays 245, 250 and 255 will
be locked in the operated positions.

Returning now to the description of the call
oricinated at local station #290, start relay 350
is operated in the manner previously described.
At armature 353, relay 856 completes the circuit
to relay 249 in the call allotter from ground,
armature 358, conductor 275, winding of relay
248 to negative battery; and, at armature 351,
connecis ground to the contact at the top of
master switch bank 428 by way of conductor 542
to mark the answering end of link #1 in master
switech bank 428. At armature 352, relay 3§0

completes the circuit to lock magnet 490 of the’

master switch from ground, armature 352, con-
ductor {66, armature 486, winding of lock mag-
net 490 to negative battery: and, at armature
354, completes a multiple holding circuit to re-
lay 245 to insure that relay 245 will remain locked
until start relay 350 is restored. The ground
on the top contact of master switch bank 423
completes the circuit to stop magnet 485 by way
of contact 483 of trip magnet 489, causing stop
masgnet 485 to operate and open the circuit to
lock magnet 498 at armature 4356 before lock
magnet 490 has had sufiicient time to operate.
The master switch, therefore, does not move
from the bank position shown in Fig. 4, and the
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corresponding trunk to the answering end of
link #1. |

The operation of stop magnet 485 also com-
pletes the circuit to pull-down magnet 40 of sta-
tion #20 lineswiteh from ground by way of arme-
ature 488, conductor 272, armatures 211, 221, con-
ductor 2710, conductor 254, winding of pull-down
magnet 40 to negative battery, the operation of
pull-down magnet 40 causing the plunger of sta-
tion #20 lineswitch fo plunge into the bank trunk
connected to the answering end of link #1{. The
direct-current loop of station #20 telephone is
thus extended to link #1 by way of conductor 81,
bank contact 50’, conductor 1Ti1, upper winding
of line relay 4085, negative battery, ground, lower
winding of line relay 405, conductor {12, bank
contact 92’, conductor 82, and contvact 13 of local-
call connecting key, causing line relay 409 in link
#1 to operate.

The operation of pull-down magnet 40 also
operates contacts 32, 33, 34, and 35 through the
medium of armature 31, and contacts 42, 43 and
44 through the medium of armature 4i. Contact
43 completes a holding circuit for pull-down mag-
net 40 from ground, contact 43 and working
spring, contact 12 of local-call connecting key,
conductor 83, bank contact 51’, conductor 254,
winding of pull-down magnet 40 to negative bat-
tery, thus retaining station telephone #20 con-
nected to link #1 as long as the calling person
kKeeps the handset piece from the telephone cra-
dle. At the resting spring of contact 43, ground
is removed from line conductor 82: and, at con-
tact 44, line relay 20 is disconnected from line
conductor 81, causing line relay 20 to restore.
The line circuit of station #20 is now clear of
attachments. At contact 34, the circuit to units
relay 210 is opened, causing units relay 210 to
restore; and, at contact 39, the circuit to tens
relay 220 is opened, causing tens relay 220 to
restore. Contacts 42, 32 and 33 perform no func-
tions at this time. Line relay 20 restoring opens
additional points in the circuits to tens relay 220
and units relay 2{0 at armatures 24 and 23 re-
spectively, and, at armature 21, removes ground
from local start conductor 263, causing start relay
350 to restore.

‘The operation of line relay 405 in link #i{ com-
pletes the circuit to relay 410 from ground by way
of bank contact 53’, conductor (13, armature 406,
winding of relay 410 to negative battery, causing
relay 410 to operate and lock to ground on con-
ductor {73 by way of armature 4i2. At armature
414, relay 410 completes the circuit to relay 435
from ground, armatures 414, 423, winding of relay
435 to negative battery, causing relay 435 to oper-
ate; and, at armature 415, opens the circuit of
relay 245 in the call allotter, causing relay 245 to
restore. At armature 246 and resting contact,
relay 245 transfers local start conductors 263 and
249 to start relay 380 of link #2. The restoration
of relay 249 makes link #1{ busy to other calls
because the circuit to start relay 350 is open at
the working contact of armature 246.

At armature 351, start relay 358 of link #I
upon restoring removes ground from the top con-
tact of master switch bank 428, causing stop
magnet 485 to restore: at armature 352, opens
the circuit to lock magnet 490 (now closed at
armature 486) before lock magnet 490 has had
sufficient time to operate; and, at armature 353,
opens the circuit to relay 2408 of the call allotter.

'The call allotter is now in a position to accept

plungers of all lineswitches are aligned with the 75 another call, with link #2 pre-assigned to local
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start conductors 263 and 249. The restoratiofi of
tens relay 220 and units relay 210 open additional
poinis in the circuits previously opened by the
restoration of line relay 20, |

Dial tone is returned from link #{ to the ecall-
Ing person at station #20 by way of armatures
83, 563, conductor 474, armature 436, and con-
denser 408 as a signal to dial the number of sta-
tion #38. When the calling person at station
#20 dials the digit “3,” line relay 405 in link # ¢
correspondingly de-energizes and re-energizes
three times. With the first de-energization of
line relay 405, the circuit fo relay 425 is com-
bleted from ground, armatures 407; 413, 422,
winding of relay 425 to negative battery, causing
relay 425 to operate. A multiple circuit is also
completed from armature 407 by way of arma-
tures 413, 422, conductor 341, armatures 691, 686,
681 and associated resting contacts, winding of
register relay 610 to negative battery, causing
reiay @il to operate and loek to ground by way
of armatures 44, £41, conductor 442, armature

687, winding of relay 680 and armature 613, relay

680 operating on this locking circuit. The sec-
ond re-energization of line relay 405 completes

the circuit to register relay 620 from ground,

armatures 407, 443, 422, conductor 341, drma-
tures 681, 686 and associated resting contacts,
armature 831 and working contact, armature 614,
winding of register relay 62§ to negativé battery,
causing register relay 620 to operate and lock
from ground, armatures 414, 441, conductor 442,
armature §92, winding of relay 685 and armature
624, relay 685 operating on this locking circuit.
At armature 687, relay 685 opens the locking cir-
cuit to relays 680 and 618, causing these two
relays to restore. The third de-energization: of
line relay 405 completes the circuit to register
relay €30 from ground, armatures 407, 413, 422,
conductor 347, armature 691 and resting contact,
armature 636 and working contact, armature 625,
winding of register relay 630 to negative battery,
causing register relay 630 to operate and Iock
from ground, armatures 414, 441, conductor 442,
armature 682, winding of relay 69% and arma-
ture 634, relay 690 operating on this locking ¢ir-
cuit. At armature 692, relay 699 opens the lock-

ing circuit to relays 685 and 6§20, causing thése

two relays to restore. Shortly after the third re-
energization of line relay 4095, relay 425 restores,
1ts' slow-to-release action preventing its release
during the dialling of the digit “3.”

At armature 427, relay 625 completes the cir-
cult to relay §89 from ground, armature 693, con-
ductor 348, armatures 427, 457 and resting dons=
tact, conductor 444, armature 633, conductor 6186,
winding of relay 568 to negative battery, causing
relay 565 to operate. At armature 563, relay 560
opens the dial tone circuit to station #20. At
armature 851, relay 560 completes the circuit to
relay 440 from ground, armature 414, conductor
433, armature 561, conductor 434, armature 456’
winding of relay 440 to negative battery, causing’
relay £43 1o operate. At armature 441, relay 440
opens the locking circuit to relays 690 and 630,
causing these two relays to restore. As a result
of relay 638 restoring and, at armature 633, re-
moving ground from the winding of relay 560, re-
lay 455 operates in series with relay 580 over the
circuit from ground, armature &14, winding of
relay 485, conductor 439, armature 582, winding'

of relay 589 to negative battery, this' circuit slso-

retaining relay 580 in’ the operated’ positioh. At
armature 456, relay 453 opens the circuit to relay
440, causihg relay 440 to: restoré: THe rédgister

10
relays are now i positiott to receive the seeond
digit from the calling station. -
 Wher the calling péfson at station #20 dials
the second digit “0,” liné relay 405 in link #1
correspondingly de<energizes and re-energizes
ten times, With the first de-energization of line
relay 449, the circuit is completed to relay 425
from ground, aringtires 407, 413, 422, winding of
relay 425 to negative battery, cdusihg relay 425 to
operate. A multiple circuit is also completed
irom armature 867 to registér relay 610, causing
register relay 61 to opérate ahd lock in series
with relay 686 in the manter previously described.
The second de-efiergizatiod of line relay 405
causes register relay 620 to opérate and lock in
series with relay 68% in the manter previously
described. At armature 687, rélay 685 opens the
locking circuit tb reldy's 680 and 618, causing these
two relays to reéstoré. The third de-energization
of line relay 485 causes register relay 630 to oper-
ate and 10ck in séries with relay 690 in the manner
previously described. At armature 92, relay 693
opens the locking ciféuit to rélays 685 and 620,
causing these two relays to restore. The fourth
de-energization of line relay 485 completes the
circuit t0' régistér relay 64% from ground, arma-
tures 487, 413, 422, conductor 347, armature §9¢
and working contact, armature §35, winding of
register refay 840 to negativé battery, causing re-
lay 648 to operate and lock to ground by way of
conductor £42, armature 687, winding of relay
689, and armature 643, relay 680 operating on this
lecking circuit. At armature 682, relay & 80 opens
the locking circuit to relays 699 and §38. The
fifth de-energization of line relay 405 completes
the circuif to register relay 659 from ground.
armatures 407, 418, 422, conductor 347, armatures
691, 685 and associated resting contacts, arma-
ture 68 and working contact, armature 644,
winding of relay 650 to negative battery, causing
relay 658 te operate and lock to ground by way
of conductor 442, armature 6 92, winding of relay
$85, and armature 652, relay 685 operating on this
locking circuit. At armature 687, relay 685 opens
45 the locking circuit t6 relsy 680 and 640.
Thesixth de-ehérgization 6f line relay 405 com-
pletés the circuit to registér relay 689 from
ground, armatures 407, 413, 422, conductor 347,
~ armature 691 and resting ¢ontact, armature §8§
60 and working contact, armature 653, winding of
relay 680 to negative battery, causing relay 669
to operate and 1ock to' ground by way of conductor
442, armature 682, winding of relay 699 and arma-
~ ture 683, relay 690 opérating on this locking cir-
56 cuil. At armature 692, relay 6§90 opens the Iock-
ing ciréuit to relays 685 and 650. At armature
662, relay 660 completes the circuit to relay 670
from’ ground, armatures 414, 458 conductor 443
_armature 662, winding of relay 670 to negative
60 batiery, causing relay 610 to operate and lock
to’ ground on conductor 442 By way of armsture
615. The seventh de-energization of line relay
485 cothpletés the ciréuit to register rélay 610
from ground, armatures 407, 413, 422, conductor
341, armature 691 and working contact, armature
664, winding of reélay 610 to' négative battery,
causing relay 610 t6' operate and lock to ground
by way of conductor 442, armature 687, winding
of relay 680, and armaturs 642, relay 580 oper-
ating on this locking circuit. At armature 682
relay 680° opens the Iokking circuits €6 relays §98
and 660. The eighth dexénérgization of line rélay
405 causes régister relay 629 to’ operate and lotk
. In series- withi' reldy 685 if! the mianner previously
75 described!- At armbture 687, rélay 685 opéns the
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joeking circuits to relays 680 and 610. The ninth
 de-energization of line relay 805 causes register
relay 630 to operate and lock in series with relay
680 in the manner previously described. At
armature 692, relay 690 opens the locking circuit
to relays 685 and 620. The tenth de-energization
of line relay 405 causes register relay 40 to oper-
ate and lock in series with relay 680. At armature
682, relay 680 opens the locking circuits to relays
690 and 630.

Shortly after the tenth re-energization of line
relay 405, relay 425 restores, its slow-to-release
action preventing its release during the dialling
of the digit “0.” At armature 427, relay 425 com-
pletes the circuit to relay 420 from ground, arma-
ture 683, conductor 348, armatures 427, 457 and
working contact, winding of relay 420 to negative
battery, causing relay 420 to operate. At arma-
ture 424, relay 420 connects the winding of busy
relay 485 to the winding of pull-down magnet
540 of the dialled station #30 by way of armature
438 and working contact, armatures 426, 424,
conductor 3846, armature 671 and working con-
tact, armature 642, conductor 648, and armature
570, but neither busy relay 2445 or pull-down mag-
net 540 can operate under this condition as both
are connected to negative battery.

Should station #30 be in use at this moment,
pull-down magnet 540 would have been operated

by ground on conductor 954, and this ground -

multipled to armature 570 will now operate busy
relay 445 by way of conductor 648, armatures 642,
671 and working contact, conductor 346, arma-
tures 424, 426, 438 and working contact (before
relay 485 has time to restore due to its circuit be-
ing opened at armature 423), winding of busy
relay 445 to negative battery, causing busy relay

445 to lock to ground by way of armatures 414,

and 447 and working contact. At armature 446,
busy relay 445 extends busy tone to the station
#20 telephone to inform the calling person that
station #30 is in use. | -
- Should station #30, however, not be in use at
the moment, busy relay 445 in line #1{ will not op-
erate because the negative battery through the
winding of busy relay 845 meets the negative bat-
tery through pull-down magnet 540 of the dialled
station #30. Under this condition, relay 43%
upon restoring shortly afterward because its cir-
cuit was opened at armature 423, completes the.
circuit to relay 310 from ground, armatures 414,
4471 and resting contact, 454, 431, 421, conductor
343, winding of relay 310, armatures 313, 319, 329,
335, conductor 274, armatures 235, 221, resistance
219 to necative battery. Relay 3{8 operates and
Jocks to ground on conductor 343 by way of wind-
ing of relay 310, armatures 3{4, 325, 335, con-~-
ductor 214, armatures 235, 221, resistance 219 to
negative battery. Relay 310 is wired in the chain
circuit of the tens relays 220 and 230 (F'ig. 2) in
the call allotter in order that the master switch
will be operative by one call at a time. At arma-
ture 311, relay 310 grounds the fourth contact
from the top of master switch bank 428 by way
of conductor 339; and, at armature 312, com-
pletes the circuit to lock magnet 490 of the mas-
ter switch from ground, armature 312, conductor
(66, armature 486, winding of lock magnet 4390 to
negative battery, causing lock magnet 480 to op-
erate. |

The operation of lock magnet 490 causes arma-
ture 491 to disengage lock lever 492 from the
tenth notch in sector 476, and U-spring 439
drives sector 476 counter-clockwise, sector 476
being pivoted at 471. As wiper 428 of the master
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switch makes contact with the fourth contact
from the top of bank 428, the circuit to stop mag-
net 485 is completed from ground, armature 311,
conductor 339, wiper 428 in engagement with the
fourth contact from the top of bank 428, contact
483 of trip magnet 480, winding of stop magnet
385 to negative battery. The operation of stop
magnet 485 opens the circuit to lock magnet 490
at contact 486, causing armature 491 to restore
and permit lock lever 492 to engage the fourth
notch from the right in sector 476, thereby arrest-
ing the motion of sector 416. The plungers of
all idle 1lineswitches (in this disclosure the
plungers of lineswitches #2{ and #30) are corre-
spondingly aligned by the master switch shaft
in the well-known manner opposite the bank
trunk connected to the calling end of link #I.
As wiper 429 of the master switch makes contact
with the fourth contact from the top of hank
429 the circuit to the pull-down magnet 940 of
the dialled station #30 is completed from ground,
armature 487, wiper 429 in engagement with the
fourth contact from the top of bank 429, resting
contact of armature 452, armatures 448, 438, 426,
424, conductor 346, armature 611 and working
contact, armature 642, conductor 648, armature
510, winding of pull-down magnet 540 to nega-
tive battery, the operation of pull-down magnet
540 causing the plunger of station #30 line-
switch to plunge into the bank trunk connected
to the calling end of link #I{. Conductors 47T}
and 4712 of link #1 are thus extended to station
#30 line circuit by way of bank contact 550’ and
552’ respectively, and the circuit to relay 450 is
completed from ground, bank contact 393", con-
ductor 413, winding of relay 450 to negative bat-
tery, causing relay 450 to operate. At arma-
ture 451, relay 450 opens the circuit to relay 310,
causing relay 310 to restore. The restoration of
relay 310 frees the call allotter and the master
switeh for use in another call. At armature 452
and working contact, relay 450 shifts the holding
circuit of pull-down magnet 548 to ground by
way of armature 414,

The operation of pull-down magnet 540 also
operates contacts 532, 533, 534 and 535 through
the medium of armature 831, and contacts 542,
543 and 544 through the medium of armature
541. At the resting spring of contact 543, ground
is removed from line conductor 582; and, at con-
tact 544, line relay 9520 is disconnected from line
conductor 581. The line circuit of station #30
is thus cleared of attachments in preparation of
the ringing circuit to station #30 telephone 510.
Contacts 532, 533, 534, 535 and 542 perform no
functions at this fime. The ringing loop to sta-
tion #30 telephone 518 is completed from ground
in link #1 by way of armature 431 and resting
contact, conductor 471, bank contact %50°, con-
ductor 581, ringer loop in telephone 510, con-
ductor 582, bank contact 552’, conductor 412,
armature 433 and resting contact, upper winding
of ringing cut-off relay 430 to interrupted gener-
ator. The ringer at station #30 telephone 510 is
operated automatically and intermittently until
the called station answers or the calling person at
station #20 abandons the call.

Responsive to the closing of the direct-current
line loop when the handset piece at telephone 310

no is lifted from the cradle and the related local-

call connecting key is depressed, ringing cut-off

relay 430 operates and locks to ground by way of
armatures 411 and 432. At the resting contacts

of armatures 431 and 433, relay 430 disconnects

75 the ringing current from station #390 line circuil,
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and, at armatures 431 and 433 and associated
working contacts, completes the talking ecircuit
between stations #20 and #30. Transmission
battery is supplied to station #20 telephone
through the windings of line relay 405, and to
station #30 telephone through the windings of
impedance coil 417. The depressing of the local-
call connecting key at telephone 519 into the
locked operated position causes a multiple circuit

for pull-down magnet 540 to be completed from.

ground, working spring of contact 543, contact
912 of local-call connecting key, conductor 583,
bank contact 551’, conductor 554, winding of
pull-down magnet 540 to negative battery.
After the conversation between the persons at

15

stations #20 and #30 has been completed, and

responsive to the calling person at station #20
returning his handset piece to the telephone
cradle, the local-call connecting key at telephone
10 is automatically released and returns to the
normal position. The holding circuit of pull-
down magnet 40 is, consequently, opened at con-
tact 12 of the local-call connecting key, and the
plunger of station #20 lineswitech is withdrawn

Irom the bank frunk leading to the answering

end of link #1. The bank contacts 59, 5i’, 52’
and 53’ are opened by the withdrawal of station
#20 lineswitch plunger, and the plunger is auto-
matically aligned with the shaft of the master
switch in fthe well-known manner.
to the called person at station #30 returning
his handset to the cradle, the local-call con-
necting key at telephone 5i0 is automatically re-
leased and returns to the normal position, open-
ing the multiple holding circuit to pull-down
magnet 949 at contact 512, Pull-down magnet
940, however, is held in the operated position
over the circuit through armature 570 of relay
260, ,

The restoration of armature 41 by the release
of pull-down magnet 48 opens an additional
point in the circuit of pull-down masgnet 48 at
the working spring of contact 43: at contact 43
and resting spring, connects ground to line con-
ductor 82 of station #20:; and, at contact 44,
connects line relay 20 of station #20 lineswitch
to line conductor 81. The line circuit of station
#2060 is now at normal.

Line relay 48% of link #1 is restored when its
loop circuit is opened by the replacement of the
handset piece on the cradle at station #28. The
locking circuit to relay 410 of link #1{ is opened
at bank contact 53’, and relay 410 restores. At

armature 41, relay 410 opens the locking circuit

to ringing cut-off relay 430, causing relay 430 to
restore. At armature 414, relay 4i0 opens the
holding circuits to relays 485 and 568 in series,
the holding circuit to relays 680 and 640 in series,
the holding circuit to relay 6§70, and the holding
circuit to pull-down magnet 540 of station #30
lineswitch, causing these five relays and pull-
down magnet 540 to restore. At armature 457,
relay 455 opens the circuit to relay 420, relay 420
restoring. |

The restoration of pull-down magnet 540 of

Responsive -

A
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other calls in numerical sequence with liriks #2

and #3.

-~ The restoration of armature 541 by the release
of pull-down magnet 540 opens an additional
point in the circuit of pull-down magnet 540 at
the working spring of contact 548: at contact

343 and resting spring, connects ground to line

conductor 882 of station #39:; and, at contact
944, connects line relay 520 of station #38 line-
switch to line conductor 581. 'The line circuit

of ‘station #30 is now at normal.

Local interconnecting links #2 and #3 are
also used to complete local connections in a
manner similar to that just described for link

#1 with the minor exceptions that start relays

360 and 370 respectively are employed instead

of start relay 358, and correspondingly related

20 -

bank contacts are uytilized instead of the bank
contacts mentioned in the foregoing description.

Outlgoing trunk calls

Any non-restricted local station may originate
an outgoing trunk call to the distant exchange
by lifting the handset piece from the telephone
cradle and depressing one of the trunk-line con-
necting keys into the operated position where
it locks. If the trunk line thus selected is in use,
busy tone will be returned to the telephone at

~ the calling local station, and the calling person
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station #30 lineswitch causes the withdrawal of |

the associated plunger from the bank trunk
leading to the calling end of line #1. The bank
contacts 830’, 551, 552’ and 553’ are opened by
the withdrawal of station #30 lineswiteh
blunger, and the plunger is automatically aligned
with the shaft of the master switech. The cir-
cuit to relay 450 is opened at bank contact 593’,
and relay 458 restores.

- res Link #{ is now in the
normal position, available for re-assignment to 75

70

thereupon depresses another trunk-line connect-
ing key, the operation of the latter key auto-
matically releasing the first mentioned connect-
Ing key. Assuming now that the second selected
trunk line is free, then the calling person is con-
nected through to the distant exchange over that

trunk line, and dial tone is returned to the cgll-

Ing person if the distant exchange is of the auto-
matic type, or an operator responds to the call if
the distant exchange is of the manual type.
Assuming further that the selected free trunk
line is trunk line #1, that the call is originated
at station #3080, (Fig. 5) and that no other calls
are In progress, then line relay 528 is operated
from ground by way of contact 543 of station
#30 lineswitch, conductor 582, contact 5i5 of
trunk-line #1 connecting key, direct-current
loop through telephone 510, conductor 581, con-
tact 544 of station #30 lineswitch, winding of
relay 928 to negative battery. At armature 524,
relay 520 completes the circuit to tens relay 235

‘from ground by way of contact 535 of station

#30 lineswitch, armature 524 conductor 269 in
cable 285 through Figs. 6 and 3 to Fig. 2, con-
ductor 289 in Fig. 2, winding of relay 230, arma-
tures 233, 241, conductor 273, armatures 315,
325, 335, conductor 274, armatures 239, 227, re-
Sistance 219 to negative battery. Tens relay
230 operates and locks to ground by way of con-
ductor 209, winding of relay 230, armatures 234,
221, resistance 219 to negative battery. |
At armature 232, tens relay 230 completes the
circuit to units relay 210 from ground by way of =
contact 534 of station #30 lineswitch, armature
923, conductor 219 in cable 285 through Figs. 6
and 3 to Fig. 2, conductor 219 in Fig. 2, armature
232, winding of units relay 210, armatures 212,
252, 214, 205, resistance 208 to negative battery.
Units relay 210 operates and locks to ground by
way of conductor 219, armature 232, winding of
units relay 210, armatures 218, 265, resistance
208 to negative battery. At armature 216, units
relay 218 connects ground to trunk start relay
180 of trunk line #{ by way of armatures 216,
231, conductor 239 in cable 285 through Figs. 3
and 6 to Fig. 5, conductor 239 in Fig. 5, coni
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tact 514 of trunk-line #1 connecting key, arma-
ture 525, conductor 783, armature 774 and rest-
ing contact, winding of relay 788 to negative
battery, causing relay 780 to operate. At arma-
ture 182, relay 780 connects ground to the fourth
contact from the leftof master switch bank 428 by
way of conductor (85 to mark trunk line #{ In
master switch bank 428. At armature 181, relay
180 completes the circuit to lock magnet 490 of
the master switch from ground, armature 181,
conductor 185, armature 486, winding of lock
magnet 299 to negative battery. The operation
of lock magnet 488 causes armature 491 to dis-
engage lock lever 492 from sector 416, and
U-spring 4893 drives sector 476 counter-clock-
wise,

Assuming now that wiper 428 of the master
switch is in engagement with the third contact
from the left of bank 428 (this bank contact
representing trunk line #2) when lock lever 492
is withdrawn from sector 416, then the counter-
clockwise motion of sector 416 causes wiper 428
to successively engage the second bank contact
from the left and then the first contact. At this
point, finger 418 of sector 4716 is almost in me-
chanical contact with finger springs 484 asso-
ciated with trip magnet 488. Further counter-
clockwise movement of sector 476 causes sector
fincer 4718 to close the contacts of finger springs
484, and the circuit to trip magnet 480 is thereby
completed from ground, contact 494 of lock
magnet 480, finger springs 484, winding of trip
magnet 4880 to negative battery, causing trip
magnet 488 to operate. At contact 482, trip
magnet 488 completes the circuit to sclenoid 418,
and solenoid 475 overcomes the power In
U-spring 489, driving sector 476 clockwise. Just
after this reverse movement of sector 476 is
started, sector finger 4718 moves irom engage-
ment with finger springs 484, but latch 419 is in
mechanical engagement with the tip of the

overating spring of contact 482, thus retaining

armature 481 and contact 482 operated in the
manner well known in this fype of master
switch. Hence, the circuit to solenoid 425 re-

mains complete at contact 482. |
As sector 476 reaches its extreme clockwise
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position, sector finger &19 lifts the spring at-

tached to latch 419 sufficiently to release latch
419 from engagement with the operating spring
of coniact 482. Armature 48! is thus restored
and the circuit to solenoid 415 is opened at con-
tact 882. At this point, U-spring 488 starts driv-
ing sector 476 counter-clockwise because lock
magnet 496 is still in the operated position and
sector 416 is free from lock lever 492, As wiper
£28 makes contact with the fourth contact from
the left of bank 428, the circuit to stop magnet
£85 is completed from ground, armature 782,
conductor 165, fourth contact from the left of
bank 428, wiper 428, contact 483, winding of stop
magnet 485 to negative battery, causing stop
magnet 485 to operate. The operation of stop
magnet 485 opens the circuit to lock magnet 490
- at contact 486, causing armature 491 to restore
and permit lock lever 492 to engage the fourth
notch from the left in sector 478, thereby arrest-
ing the motion of sector 476. The plungers of
o]l idle lineswitches are now aligned opposite
ihe bank trunk connected to trunk line #{.
The operation of stop magnet 485 also com-
pletes the circuit to pull-down magnet 540 of
stotion #30 lineswitch from ground by way of

armature 488, conductor 272, armatures 21, 231,
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‘and resting contact, conductor 101, trunk line #|

6 to Fig. 5, conductor 288 in PFig. 5, winding of
pull-down magnet 540 to negative battery, the
operation of pull-down magnet 540 causing the
plunger of station #398 lineswitch to plunge into
the bank trunk connected to trunk line #l1.
The direct-current loop of station #30 tele-
phone is thus extended to trunk line #1 by way
of conductor 581, bank contact %507, conductor
161, upper winding of relay 760, armature 132

line relay loop at the distant exchange, conduc-
tor 702, armature 734 and resting contact, lower
winding of relay 760, conductor 162, bank con-
tact 5527, conductor 582, and confact 5i5 of
trunk-line #1 connecting key, causing the line
relay at the distant exchange to operate in a
conventional manner. Relay 760 does not oper-
ate over the circuit just traced because its wind-
ings are differentially connected and now oppose
each other,.
completes the circuit to relay 770 from ground,
bank contact 5537, conductor 163, winding of re-
lay 1718 to negative battery, causing relay 170 to
operate. At the resting contact of armature
774, relay 770 opens the circuit to trunk start
relay 180, causing relay 780 to restore: at arma-
ture 1784 and working contact, switches ftrunk
start conductor 783 to conductor 164, thereby
making trunk line #1 busy to other calls: and,
at armature 772, disconnects ringing relay 720
from across the trunk line, thus clearing the
trunk line of attachments.

The operation of pull-down magnet 540 also
operates contacts 532, b33, B34 and 535 through
the medium of armature 531, and contacts 542,
843 and 544 through the medium of armature
B41. Contact 543 completes a holding circuit
for pull-down magnet 540 from ground, contact
583 and working spring, contact 514 of frunk-
line #1 connecting key, conductor 584, bank
contact 551T, conductor 554, winding of pull-
down magnet 548 to negative battery, thus re-
taining station #30 telephone connected to trunk
line #1 as long as the calling person keeps the
handset piece from the telephone cradle. At the
resting spring of contact 243, ground is removed
from line conductor 582; and, at contact 544,
line relay 520 is disconnected from line conduc-
tor 581, causing line relay 520 to restore. The
line circuit of station #3238 is now clear of at-
tachments. At contact 534, the circuit to units

relay 210 is opened, causing units relay 210 to

restore: and, at contact 535, the circuit to tens
relay 230 is opened, causing tens relay 238 to re-
store. Contacts b42, 5832 and 533 perform no
functions at this time. Line relay 520 restoring
opens additional points in the circuits to tens
relay 230 and units relay 210 at armatures 524
and 523 respectively: and, at armature 525, re-
moves ground from trunk start conductor 783.

At armature 782, relay 180 of trunk line #1i
upon restoring removes ground from the fourth
contact from the left of master switch bank
428, causing stop magnet 485 to restore: and, at
armature 181, opens a point in the circuit to
lock maghnet 438. The call allotter is now in a
position to accept another call. The restoration
of tens relay 230 and units relay 210 opens addi-
tional points in the cireuits previously opened by
the restoration of line relay 520.

Should the distant exchange be of the auto-

matic type, dial tone is returned to the calling
person at station #30 as a signal to proceed with

the dialling. In response to the dialling at sta-

conductor 208 in cable 285 through Figs, 3 and 75 tion #30, the switches in the distant exchange

The closing of bank contact 553
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are operated in the well-known marer to' com-
plete the connection desired. Transmission bat-

tery is'supplied to station #30 telephone from the

distant exchgnge.

Should the distant extz‘hange be Of ‘the manual

type, the operation of the line relay at the distant
exchange causes the related line sigrial on the
manual switehiboard to indicate that a call is
awaliting attention on trunk line #4. In response

to the operator at the distant exchange answering

the call, the calling person at station #38 advises
the operator of the connection desired, and there-
upon the operator proceeds with the completing
of the desired connection in the well-known man-
ner. In this instance also, transmission battery

10°
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Is'supplied to station #39 telephione from the dis-

tant exchange. .
After the conversation between station #30

and'the distant exchange has been completed, and.
responsive to the calling person at station #30

returring his. handset piece to the telephone
cradle, the trunk-linie #§ connecting Key at tele-
phone. 510 is automatically released and returns
to the mormal position. The holding circuit of
pull-down magnet 548 is opened at contact 5{4 of
trunk-line #1{ connecting key, and. the rlunger of
stdtion #30' lineswiteh is withdrawn from the
bank trunk leading to trunk line #1. The bank
contacts §50T, 5547T, §52T and 553T are opened by

bhie withdrawal of station #88 lineswitch plunger,
and the.plunger is automatically alighed with the
shaft of the master switch in the well-known.

manner. The opening of the direct-current.loon

to the distant exchange by the replacement of the
Nardset piece on the cradle at station #30 causes.

the equipment at the distant exchange to be re-
stored. If the distant exchange is of the auto-
- matic type, the switches are released in the well-
Known manner and trunk line #4 is made avail-
-able for other calls. Inthe case where the distant
eXchange is mgnual, the overator receives discon-
nect. supervision when the calling persen at. sta-
tion #80 replaces the handset piece on the cradle.

Af bank contact 5537, the circuit to relay 7118 is:

opened, causing relayv 775 to restore. At arma-

ture 774 and resting contact, relay 779 switches.

trunk start relay 788 to truck start conduector 183,

thus making trunk line #14 avallable to calls from.
local stations. At armature 172 and resting con-
tact, relay 7790 bridees ringing. relay 729 across.
trunk line #1. makinz trunk line #/{ available to.

c‘all’s from the distant exchange.

The restoration of armature 544 by the release

of pull-down magnet 5§49 opens an additional

point in the circuit of pull-down magnet 549 at

tHe working spring of contact 543: at contact 543
and resting spring, connects ground to line con-

ductor 582 of st'at-i”on.i #230; and, at contact ST:1 B
connects line relay 528 of station #30 lineswitch
to.line conductor 581. The line circuit of station

30 is now at ncrmal.

Considering now the case where trunk. line #1{ |

s In use at the time the trunk-line # connecting
key at-station #30 is depressed for the origination
ol an outgoing call to the distant exchange, then

the operation of line relay 529 of station #30.

lineswiteh- doss not complete the circuit to'trunk

start relay 789 of trunk line #! throuch. contact
514 of trunk-lina #'1 connecting kev, contact 525.

of line relay 528 and trunk start conductor 783
as was previously described. for the case where
trunk line #1 was not in use. Instead, ground on
trunk start conductor 183 by wayv of contacts 514
and 525 is extendad throush armature 174 and
working contact, conductor 84, armatures 215,

20
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conductor 581 at contact 532

2,486,231

| | ligg
236, conductor 238 in cable 285 throueh Pigs., 3
and 6 to Fig. 5, conductor 232 in Fig. 5 to winding
of cut-off magnet 538 of station #30 lineswitch
and negative battery, thus causing cut-off magnet
530 to operate. In this instance, the plunger of
lineswitch #38. does not plunge into the bank
trunk connected to trunk line #'{ because cut-off
magnet 530 operates armature 53{ only. Cut-off
magnet 538 locks to ground by way of contact

533 and 522, and connects busy tone to line con-
ductor 381 by way of contacts 542 and 932 to
inform the calling person that trunk line #1 is

In use. The handset piece is then replaced on

the cradle to open the circuit of line relay 520
which in turn opens the locking circuit of cut-off
magnet. §30 at armature 522, and cut-off magnet
630 restores and disconnects busy tone from line
The calling person
at station. #30 may then originate a trunk call
over another trunk line by lifting the handset
piece and depressing 3, trunk-line connecting key
other than trunk-line #1 connecting key.
Considering now the case where a local sta-
tion is restricted from making outgoing calls
to the distant exchange, the trunk start con-.

ductors from the lineswitch of such a restricted

30

- other relay in the trunk-line circuit.
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station are not connected to the respective trunk
start relays (such as relay 780 through arma-
ture 114 and resting contact for trunk line #!).
Instead, each trunk start conductor from the
respective contact of the restricted station’s
lIineswitch is connected to an armature of an-
For” ex-
ample, station #21 is indicated as being restricted
from making outgoing calls to the distant ex-
change, and trunk start conductor 167 from con-
tact 125 of line relay {20 is shown connected
to armature TI3 of trunk line #I| instead of
to armature 774 as is the case of start conduc-
tor 783 from contact 525 of line relay 520. Now,
when the calling person at station #21 lifts. the

“handset piece from the cradle and depresses

trunk-line #{ connecting key, the circuit to cut-
off magnet. 136" of station #21 lineswitch is com-
pleted from ground by way of armatures 207, 218,
conductor 262, contact 414 of trunk-line #1{ con-
necting key, armature 125, conductor 187, arma-
ture T13 and resting. contact, armature 735 and
resting’ contact, conductor {64, armatures 206,
223, conductor 265, winding of cut-off magnet
138 to negative battery, causing cut-off magnet
130 to operate. In this instance, the plunger
of lineswitch #21 does not plunge into the bank.
trunk connected to trunk line #! because cut-
off magnet {38 operates armature 13{ only. Cut-
oif magnet 130 locks to ground by way of con-
tacts 133 and {22, and connects busy tone to.

- line conductor (8! by way of contacts 142 and

60

85

132 to inform the calling person that he cannot
connect with trunk line #1. Should the calling.
person then attempt to connect with the other
trunk’ lines, busy tone will be returned in each
instance. - |
| - Imcoming trunk calls

It will: now be assumed that: all Incoming trunk

call is received over conductors 701 and 102 of

- trunk line #{ from the distant exchange. Ring-

0

Ing current by way of conductor 161, condenser
T4, winding of ringing relay 720, armature 112
and conductor 702 causes ringing relay 129 to
operate. At armature 7121, relay 720 completes |
the circuit. to relay 710 causing relay Ti0 to
operdte and lock to ground by way of armatures
113 and T12. At armature Ti{, relay 719 com-

- pletes’ the circuit to trunk line #{ incoming call
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signal, or signals, to advise the local stations
that an incoming call on trunk line #1{ is await-
ing attention. At the resting contact of arma-
ture 713, relay 748 disconnects trunk start con-
ductor 167 from armature 735; and, at armature
718 and working contact, extends trunk start
conductor {167 to the winding of trunk start re-
lay 788 to make it possible for station #2i to
answer this trunk call. Stations #20 and #33
are already in g position to answer this trunk
call, as trunk start conductor {08 is connected
directly to the winding of trunk start relay 789,
‘and trunk start conductor 783 is connected to the
winding of trunk start relay 788 througin arma-
ture 774 and resting contact. |

Assuming further that a person at station #21
decides to answer this trunk call, then the lift-
ing of the handset pisce at telephone (10 and
‘the depressing of the related trunk-line #4 con-
necting key completes the circuit to line relay
{20, and the operation of line relay {28 causes
the subsequent operation of tens relay 228 and
units relay 20f in a manner similar to that de-
scribed in the preceding section titled “Outgo-
ing trunks calls” for the operation of tens re-
lay 220 and units relay 2{8. The operation of
tens relay 228 and units relay 28{ completes the
cirecuit to trunk start relay 7188 from ground, ar-
matures 207, 218, conductor 262, contact 144
of trunk-line #1{ connecting key, armature {29,
trunk start conductor {87, armature T3 and
working conftact, winding of relay 788 to nega-
tive battery, causing relay 780 to operate. Af
armature 182, relay 788 connects ground to the
fourth contact from the left of master switch
bank 428 by way of conductor {65 to mark trunk
line #1{ in master switch bank £28. At arma-
ture 7181, relay 788 completes the circuit to lock
magnet 480 of the master switch from ground,
armature 781, conductor {86, armature 488, wind-
ing of lock magnet 488 to negative battery. The
master switch accordingly moves the plungers of
all idle lineswitches into alighment with the bank
trunk connected to trunk line #{ in the man-
ner described in the preceding section titied “Out-
going trunk calls.”

The cperation of stop magnet 4885 when wiper
428 of the master switch engages the fourth con-
tact from the left of bank 428 completes the cir-
cuit to pull-down magnet 149 of station #21{ line-
switch from ground, armature £88, conductor 212,

armatures 2802, 222, conductor 271, conductor 299,

winding of pull-down magnet {48 to negative
battery, the operation of pull-down magnet (40
causing the plunger of station #21{ lineswitch to
plunge into the bank trunk connected to trunk
line #{. The direct-current loop of station #2/
telephone is thus extended to trunk line #{ by
way of relay conductor 181, bank contact {54T,
conductor t6!, upper winding of relay 768, arma-
ture 732 and resting contact, conductor 70!, su-
pervisory and transmission battery loop at the
distant exchange, conductor 82, armature 734
and resting contact, lower winding of relay 760,
conductor 162, bank contact {527, conductor 182
and contact 115 of trunk-line #1{ connecting key.
Relay T80 does not operste over the circuit just
traced because its windings are differentially con-
nected and now oppose each cther. The closing
of bank contact 83T complefes the circuit fo
relay 7710 from ground, bank contact {53T, con-
ductor §63, winding of relay 71718 to negative bat-
tery causing relay 718 to operate. At the rest-
ing contact of armature 174, relay Ti8 opens one
circuit path to trunk start relay 780; at armature
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174 and working contact, switches trunk start
conductor 783 to conductor 164, thereby making
trunk line #!{ busy to calls from other local sta-
tions associated with start conductor 183: at
armature 173, disconnects ground from the lock-
ine circuit to relay 710, causing relay T8 to re-
store: and, at armature 7712, disconnects ringing
relay 7128 from across the trunk line. At arma-
ture T11, relay 710 opens the circuit to the incom-
ing call sienal, or signals: at the working con-
tact of armature 713, opens the circuit to trunk
start relay 780, causing relay 780 to restore; and,
at armature 713 and resting contact, switches
trunk start conductor 167 to conductor 164 by
way of armature 735 and resting contact, there-
by making trunk line #1{ busy to other calls over
srart conductor (67. | |
The operation of pull-down magnet 40 also
operates contacts 132, 133, 134 and {35 through
the medium of armature 13!, and contacts 142,
i42 and 144 through the medium of armature
{41. Contact 143 completes a holding circuit for
pull-down magnet (40 from ground, contact 143
and. working spring, contact {14 of trunk-line
#1 connecting key, conductor 184, bank contact
(51T, conductor 259, winding of pull-down mag-
net 140 to negative battery, thus retaining station
#21 telephone connected tc trunk line #1 as
long as the person at station #21 keeps the hand-

set piece from the telephone cradle. At the rest-

ing spring of contact 143, ground is removed from
line conductor i82: and, at contact 144, line re-
lay 120 is disconnected from line conductor 181,
causing line relay 120 to restore., At contact 134,
the circuit to units relay 201 is opened, causing:
units relay 201 to restore: and, at contact 139,
the circuit to tens relay 220 is opened, causing tens
relay 220 to restore. Contacts 142, 132 and 133
perform no functions at this time. At armature
782, relay 180 upon restoring removes ground
from the fourth contact from the left of master- -

switeh bank 428, causing stop magnet 489 to re-

store: and, at armature 781, opens a point in
the circuit to lock magnet 490, The call allot-
ter is now in a position to accept another call.
Transmission battery is supplied to station #2i
telephone from the distant exchange.

After the conversation between station #24§
and the distant exchange has been completed,
and responsive to the person at station #21 re-
turning his handset piece to the telephone cradle,
the trunk-line # [ connecting key at telephone 119
is automatically released and returns to the nor-
mal position. The holding circuit of pull-down
magcnet 140 is opened at contacts | {4 of trunk-line
#1{ connecting key, and the plunger of station
#21 lineswitch is withdrawn from the bank trunk
connected to trunk line #1. The bank contacts
(50T, {617, {527, and 153T are opened by the with-
drawal of station #21 lineswitch plunger, and the
plunger is automatically aligned with the shaft
of the master switchi. At bank contact 1537, the
circuit to relay 770 is opened, and relay 110 re-
stores. At armature 174 and resting contact, re-
lay T18 switches trunk start relay 180 to trunk

" start conductor 783, thus making trunk line #I

available to calls from local stations. At arma-
ture 172 and resting contact, relay 7180 re-con-
nects ringing relay 720 across trunk line #(, mak-
ing trunk line #1{ available to calls from the dis-
tant exchange.

Holding and transferring trunk calls

In order to describe how persons at local sta-
tions can hold a trunk call (either incoming or
outgoing) while making a local call, it will be
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first assumed that station #30 is connected in. a
trunk call over trunk line #I. in the manner ex-
plained in detail in the section titled. “Qutgoing
trunk calls.” The distant-exchange person is ad-
vised by the person at station #30 to wait on the

ine for a few moments. 'The person at station

#30 then depresses the common. trunk-line hold-
ing key into the operated position where it locks,
this action connecting ground to the lower wind-
Ing of relay 760 in trunk line #i hy way of con-
tact 543 and working spring of station #30 line-
switch, contact 511 of common trunk-line hold-
Ing key, conductor 582, bank contact 552T and
conductor 162, and also unlocking trunk-line #1

- connecting key. Trunk-line #| connecting key

restores to the normal position. The connecting

of ground to the lower winding of relay 760 shunts

out this winding and causes relay 160 to operate
on its upper winding over the circuit from ground.
contact 543 and working spring of station #30
lineswitch, contact 5{1 of common trunk-line
holding" key, direct-current loop through tele-

3

22

The restoration of relay 710 occurs before relay
180 operates from the distant-exchange loop,
and. relay T30, consequently, locks to- ground by
way of armature 744 and working contact, arma-
ture TH and armature 733 before its operating
cireult is-opened at armature 751. Relay 180 is
of the slow-to-release type to insure continuity

- of operation. At armature 731, relay 739 com-

10
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phone 510, conductor 581, bank contact 550T,

conductor (61, upper winding of relay 760, rest-

ing contact of armature. 7132, conductor 70i to

negative battery at the distant exchange.

At armature 761, relay 160 completes the circuit -

to relay 150 over an obvious circuit, causing re-
lay 790 to operate and lock to ground by way of
contacts 741 and 752, At armature 153, relay

- 180 bridges the windings of relay 160 across the

trunk circuit to the distant exchange in order to
retain the holding and supervisory conditions un-
changed at the distant exchange. At armature
151, relay 750 completes the cireuit to relay 130,
causing relay T30 to operate. At armatures 132
and 134 and respective working contacts, relay
130 replaces the holding bridge- previously con-

nected across the trunk eircuit at armature 153
with the winding of relay 740, thereby maintain-

ing the holding and supervisory conditions un-
changed at the distant exchange. The relay 160
holding bridge is opened at the resting contacts

of armatures 732 and 734. Armatures 7132 and

134 are fitted with contacts of the make-before-
break type to insure continuity of the holding
bridge across the trunk eircuit. | |

The returning of trunk-~line #1 connecting key
at station #30 telephone to normal position by
the operation of the common trunk-line holding
key opens the circuit to pull-down magnet 540 at
contact 514, and the plunger of station #30 line-

switch is withdrawn from the bank trunk con-

nected to trunk line #1. The bank contacts. 95071,
0917, 52T and 5537 are opened by the withdrawal
of station #38 Ilineswitch plunger, and the

‘plunger is automatically aligned with the shaft

of the master switch. 'The opening of bank con-
tact 593T opens the circuit to relay 170, and re-
lay T10 restores. At armature 714 and resting
contact, relay 110 extends trunk start conduc-
tor 783 to trunk start relay 780, thereby making
trunk line #1{ accessible to all local stations as-
soclated with trunk start conductor 783.
armature 139 and working contact, relay 730 ex-
tends trunk start conductor {67 to trunk start re-
lay 180, thereby making trunk line #1 accessible
to all Jocal stations associated with trunk start
conductor {6T. The restoration of armature 541
by the release of pull-down magnet 849 opens an
additional point in the circuit of pull-down mag-
net 540 at the working spring of contact 543: at

contact 543 and resting spring, connects ground

to line conductor 582 of station #3 B; and, at con-

tact 544, connects line relay 520 of station #30

lineswiteh to line conductor 581

At
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bletes. the circuit to trunk line #( call-held signal,
or signals, to inform the local stations that a dis-
tant-exehange connection is being held on trunk
line #1. | o
__After the person at station #30 has operated
the eommon trunk-line holding key to connect a
nelding bridge across trunk line #I, he next
depresses: the. local-call connecting key into the
operated position where it locks. 'The line relay
»20 of station #38 lineswitch; tens relay 230, units .
relay 218 and local start relay 359 (assuming that
loeal link #1{ has been pre-assigned) operate to
cause the master switch to align the plunger of
station #3238 lineswitch with the bank trunk lead-
ing to the answering end of local link #1 in the
nanner. deseribed in detail in the section titled
“Local calls.,” Pull-down magnet 549 is then
attomatically operated to cause the piunger of
station #3§ lineswitch to plunge into the bank
vrunk leading to. the answering end of local link
#1, thus connecting station #39 tolephone with
line relay 485 of link #{. The person at station
#3%0, upcn receiving dial tone, dials the number
of the desired local station, and the connection
between the two local stations is completed in the
manner described in the section titled “Local
ﬁ.allﬁ-” | | | B

The person at station #39 may return to the
held: distant-exchange connection on trunk line
#1, or the person at the called loegl station may
accept the held trunk connection. In either case,
access to trunk line #1 is obtained by depressing

“ trunk-line #1 connecting key at the local station,

and the plunger of the lacal-station Jlineswitch
1s caused to plunge into the bank trunk leading to
trunk line #1 in the manner previously described
in the section titled “Outgoing trunk calls”
Ground on conductor {82 then causes relay 7§
In trunk #1 to operate, and at armature 711 relay

110 opens the locking circuit to relay 7380. The

restoration of relay 738 removes the winding of
relay 749 from across the trumk circuit at. the
working contacts of armatures 722 angd 134, caus~
ing relay 740 to restore; and, at the resting con-
tacts of armatures 732 and 134, re-connects trunk
conductors 704 and 792 to the windings of relay
168, The talking circuit is now complete he-
tween the local station and the distant exchange
over trunk line #f. At armature 131, relay 138
opens the circuit to trunk-line # call-held signal,
or signals. At armature 774 and working contact,
relay 110 switches trunk start conductor 183 to:
conductor 164, thus making trunk line #1 busy to
calls from ather local stations associated with
trunk start conductor 783. At armature 135 and
resting contact, relay 738 switches start conductor

~ 167 to conductor 164 by way of armature 743 and

resting contact, making trunk line #I busy to
calis from other local stations associated with
start conductor {67. | |

Busy dﬁe?*--_?*z’de on trunk calls

As previously explained in the secthion titled
“Incoming trunk calls,” trunk start velay 130 of
trunk line #1 is normally connected tg vrunk start
conductor 78§ through the resting contact of |
armature 774. Consequently, when trunk line #1I
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is taken into use, trunk start relay 780 is dis-
connected at the resting contact of armature 774
by the operation of relay 710 over conductor 163
and, therefore, no idle local station associated
with trunk start conductor 783 can have access
to busy trunk line #1. Similarly, trunk start
relay T80 is disconnected from trunk start con-
ductor 16T at the working contacts of armatures
113 and 735 and, hence, no idle local station as-
sociated with trunk start conductor {87 can have
access to-busy trunk line #1. Trunk start relay
180, however, is directly connected to trunk
start conductor 188 without contact intervention
and, consequently, any local station associated
with trunk start conductor 168 has access 1o
trunk line #1{ regardless of whether trunk line
#1 is in use or not. |

It is thus apparent that station #28, for exam-
ple, automatically over-rides the busy guard
condition on an established trunk connection be-
tween the distant exchange and another local sta-
tion when the handset piece at station #20 is
lifted and the related trunk-line connecting key

is depressed. 'This busy over-ride feature enables

‘the person at station #20 to exercise a supervisory
control over trunk calls involving other local sta-
tions, and to obtain a trunk line when all the
trunk lines are in use by requesting the persons
on a particular trunk connection to relinquish the
trunk line.

Conference service on trunk calls

The busy over-ride feature described in the
preceding section titled “Busy over-ride on frunk
calls” enables a conference call to be held on a
trunk connection by two or more local stations.
Such local stations are associated with trunk start
conductor 168 in the manner shown in Fig. 1 for
station #20. -

Now, when one of the local stations associated
with trunk start conductor 168 has connected
with trunk line #1, for example, and then desires
to have another local station join in the conversa-
tion, a holding bridge is connected across trunk
conductors 10t and 702, in the manner descrihed
in detail in the section titled “Holding and trans-
ferring trunk calls.” Next, the second lecal sta-
tion is called over a local interconnecting link,
in the manner described in the section titled “l.o-
cal calls,” and is instructed to connect with trunk
line #1. 8Since both the calling and called local
stations are associated with trunk start conductor
68, it is inconsequential which station connects
with trunk line #I{ first, as both stations auto-
matically over-ride the busy condition when the
respective trunk-line #1 keys are depressed.
Transmission battery is supplied to the local sta-
tions over the trunk line from the distant ex-
change, and the permissive number of local sta-
tions on the trunk line is governed by the desired
quality of transmission.

Having described the invention and what Is
considered new and desired to be protected by
Letters Patent is set forth in the following claims:

1. In a telephone system, subscribers’ lines each
having two connect keys, individual lineswitches
terminating said subscribers’ lines, two groups of
trunks accessible to said lineswitches, a master
switch for directing said lineswitches, means con-
trollable over a calling subscriber’s line responsive
to the actuation of one of the two keys of said call-
ing line for operating said master switch to posi-
tion the lineswitch of said calling line in align-
ment with a trunk of one of said groups and then
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one trunk, said means also controllable over said
calling line responsive to the actuation of the
other key of said calling line for operating said
master switch to position the lineswitch of said
caliing line in alignment with a trunk line of said
other group and then autcmatically cause said
lineswitell to seize said one trunk of said cther
group. | | : |

9. In a telephone system, an exchange, sub-
seribers’ stations therein each having a connect
key, lineswitches associated with said stations, a
pre-selected link accessible to said lineswitches

for extending connections from said stations, con-

trol equipment including directive switching
mechanism for causing the lineswitch of a calling
station to seize said pre-selected link said con-
trol equipment controlled by the operation of
said key at said calling station. |

3. In a telephone system wherein }ineswitches
terminate subscribers’ stations, at least two con-
nect keys at each of said stations, trunk lines ac-
cessible to said lineswitches in common, the num-
ber of said trunk lines equalling the number of
said connect keys at each of said stations, each
said trunk line associated with one of said con-
nect keys at each of said stations, a master switch
for controlling said lineswitches, means responsive
to the actuation of one of said connect keys at
one of said stations for operating sald master
switch to cause the lineswitch of said one station
to connect with the trunk line associated with
said operated connect key.

4. In a telephone system wherein lineswitches
terminate subscribers’ stations in a lccal ex-
change, a local link aceessible to said lineswivches
for extending local connections from said sta-
tions, a distant exchange, trunks accessible to said
lineswitches for extending trunk connections
from said stations to said distant exchange, a lo-
cal connect key and trunk connect keys at each
of said stations, the number of said trunk Keys
at each of said stations equalling the number of
said trunks, each said trunk key at each of said
stations fixedly related to a designated one of said
trunks, a master switch, means including said
master switch responsive to the operatvion of said
local key at a calling station for causing the line-
switch of said calling station to seize said local
link, means including said master switch con-
trolled by said calling station over said seized
local link for causing the lineswitch of a desired
called station to seize said local link, means for
completing a talking connection between said
calling and called stations over said seized local
link, and means including said master switch re-
sponsive to the operation of a trunk kKey at a sec-
ond calling station for causing the lineswitch of
said second calling station to seize the trunk re-
lated to said operated trunk connect key,

5. In a telephone system, a plurality of sub-
scribers’ lines each having a key, a plurality of
trunk lines accessible to said subscribers’ lines, a
common directive switching mechanism, means
responsive to the actuation of the key of a calling
subscriber’s line for operating said mechanism
to cause the connection of said calling line with
one of said trunk lines, means for freeing sald
mechanism and rendering it available for subse-

gquent use in response to the connection of said

- one subscriber’s line with said one trunk line, and

automatically cause said lineswitch to seize said 15

means thereafter controlled by the calling sub-
scriber over said one trunk line for operating said
mechanism to cause a desired called subscriber’s
line to also connect with said one trunk line.
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6. In g ‘tefephon‘e' system, trﬁnk lines, sub-

scribers’ lines each *having g ‘key, .a common di-
Trective mechanism for causing the connection of
Sald subscribers’ lines with.said trunk lines, means
‘responsive to the actuation of the key of a calling
Subscriber’s line for operating said mechanism to
cause the connection of said cglling subscriber’s
line with one of said trunk lines, means responsive
to the connection of said subscriber’s line with
said one trunk Tine for freeing said mechanism
and rendering it available for subsequent use,
‘means thereafter controlled hy the calling sub-
scriber over said subscriber’s line .and Said -one
trunk line for operating said mechanism to cause

8 desired called subseriber’s line to salso connect -
with said one trunk line, means responsive to

the connection of said .called subscriber’s line
with said one trunk line for releasing said mech-
anism for use by other subscribers’ lines, means

Jfor signalling said called subscriber’s lne, and ¢

means responsive .to the .operation of the key
of said called subscriber’s line for completing a
talking - connection including said called sub-
scriber’s line, said one trunk line and said calling
subseriber’s line. |

1. In g telephone system, a plurality .of lines
each having a lineswiteh individual thereto, a
plurality of trunks accessible to paid lineswitches,
8 master switch, means responsive to the .exten-

-sion .of -a call to a line for operating said master 3

switch, means responsive to the extension .of g
call from g line for operating said master switch,
either said operation of said master switch auto-
matically .causing the lineswitch of the line over

which the call is being extended to seize one of

said trunks.
8. In a telephaone system wherein lineswitches
individual to the subscribers’ lines are controlled

0y .a.single master switch and have access incom-

mon to a group .of trunks, means responsive to
the initiation .of .a call on a subscriber’s line for
operating said master switch to position the line-
switches of all idle subscribers’ lines and the line-

switch of said calling line in alisnment with one -

of sald trunks, means for maintaining the line-
switches of said idle lines in said alligned nositions
while said master switch causes the lineswiteh of
said-calling line to seize sald.one trunk, and means

controlled :over said calling line and said seized -

trunk for causing said master switch to operate
the lineswitch of a -desired -called line to.seize the
trunk previously seized by said calling line.

8. In a telephone system wherein lineswitches
individual to the subscribers’ lines have access in
common to a .group of trunks and are controlled
by a single master ‘switch, means controlled by a
calling line for .operating said master switeh to
align the lineswitches of all idle lines and the line-
Switch of said calling line with one of said trunks,
means for maintaining the lineswitches of said
idle lines in said aligned positions while said
master switch operates the lineswitch of said call-
ing line to seize said aligned trunk, means con-

trolled over said -calling line and said seized trunk

for causing-said -master switch to.operate the line.

Switch of g desired called line to seize said aligned .

trunk, means for signalling said called line over
sald seized trunk, and means responsive to the
answering of said -called line for connecting said
calling and called lines together over said seized
trunk.

10. In a telephone system, subscribers’ lines, a
trunk line accessible to said subscribers’ lines, a
key on each of said subscribers’ lines, said keys
related in common to said trunk line, means re-
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Sponsive to.the operation of the key of a calling
subscriber’s line for causing said calling line to
seize said trunk line and establish g talking .con-
nection thereto, means in said trunk line respon-
sive 1o the establishment of said talking connec-
tion for preparing g busy guard circuit in .said
trunk line to make said trunk line unavailable to
other calling subscribers’ lines, means responsive
v0 the operation of the key of g second calling sub-
scriber’s line in an attempt to cause said second
subscriber’s line to seize said trunk line for con-
necting said busy guard circuit in said trunk line
to said second subscriber’s line, and megns in-said
second subscriber’s line operated by said OUSY
guard -circuit for returning a distinetive signal
to the subscriber on said second line to indicate
that said trunk lne is in prior use. -

- 11, In a3 telephone system, subscriber’s lines,-a
lineswitch terminating creh szid subscriber’s line,
a trunk line accessible to said lineswitches, a
naster switeh for controlling said linaswitches,
means operated over a calling subseriber’s line
for controlling said master switch to cause the
Iineswitch of said calling line 4o seiza said trunk
line, means operated over s second calling sup-
cribers’ line for attempting to controi said
masier switcih {0 cause the lincswiteh nf .8aid

second caliing line to seire said engaged trumk

line, and means in said engaged trunk line for

prevenving said last means from controliing said

masier switch. .
12. -In g telephone sysiem wherein lineswitches

individual to the subscribers’ lines are controlled

BY o common master switch, a trunk ageessible$o
said lineswitches, a connoct kay on -each sub-

scriber’s line, means contrciled over a calling
subscriber’s line responsive to thz operation of
the conneet key of gaigd cailing Iin
said mas
. sald calling line in alignment svith ssid CIUIME,

for csusing
er switch to position ths lineswitel .of

means In said master switeh for eperating fhe

ineswitch of said calling Lne 4o seize said trunk,

means In sald frunk responsive to-said linsswiteh
¢l said calling line seizing said trunk for estab-
lishing a guard cireuit in $2ig oeized wrunk io

guard ssid seized trunk from intrusion by cther

caliing subscribers’ lines, means in 2:] said sun-

soricers’ lines for transmitting 8 -0usy tone to the

relaved subscribers, said last msans in a1y S1ifo-
scriber’s line operated Ly said cuard cirert i
sald seized trunk when tha CONNECy Koy of sa3id
last subseriber’s line is sciuated in an atienyps ol
salc last subscriber’s line to connect With said

- Trunk.
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links accessible 5o said iineswitehss for axie aling

switeh {or controlling said lineswitches, o Mok

aliotter common to sa2id stations, means v gaidg

allotter for pre-seiecting an idie one of soia links

for subsequent use in g call from any ongs of saidl

stations, means responsive ic on2 ¢f sald stations
in{viating a call for extending o start circuit

Cthrough said allotier to sald prea-selected link,

means in . said vre-seiected iink responsive to the

comupletion of said stard cireuit for transmitting
a link designation corresponding to said pre-

selected link to said master switch and for COom~
bleting a start circuit to said master switeh,

‘means controlled by said master switch re-
sponsive to the completion of said last mentioned

start circuit and the said transmission of said
link designation for positioning the lineswitch -of
sald calling station in alignment with said pPre-
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selected link, and means in said master switcn for
thereafter operating said positioned lineswitch of
said calling station to seize said pre-selected link.

14. In a telephone system wherein the sub-
seriber’s lines terminate in lineswitches and a
plurality of links are accessible to said line-
switches for completing connections between said
lines, an allotter common to all said lines, nmeans
in said allotter for pre-selecting an idle one of
said lnks, a single master switch, means con-
trolled over a calling ling and said allotier for
causing said master switch to position the line-
gwitches of all idle lines and the lineswiich of
said calling line in alignment with sald pre-
selected link, means for maintaining the line-
switches of said idle lines at rest while said master
switch operates the lineswitch of said calling line
to seize said pre-selected link, and means con-
trolled over said calling line and said seized link
for causing said master switch to operate tie
lineswiteh of o desired called line to seize the link
previously seized by said calling line.

15. In a telephone system, subscribers’ stations
each having a connect key, lineswitches fer-
minating said stations, a plurality of trunks
accessible to said lineswitches for extending con-
nections from said stations, a master switch for
controlling said lineswitches, a call allotter com-
mon to said stations, means in said allotter for
pre-selecting an idie one of said trunks, means
responsive to the operation of the key at a calling
station for completing a circuit through said
allotter to said pre-selected trunk, means in said
nre-selected trunk responsive to the completion
of said circuit for extending a trunk-identifica-

tion marking corresponding to said pre-selected

trunk to said master switch and for completing
a start circuit to sald master switch, means
operated by said master switch responsive fto
the completion of said start circuit and the
said extension of said trunk-identification mark-
ing for aligning the lineswitches of all idle sta-
tions and the lineswitch of said calling station
with said pre-selected trunk, and means 10T
maintaining the lineswitches of said idle lines at
rest while said master switch operates the line-
switeh of said calling station to connect with said
pre-~selected trunk.

i6. In a telephone system subscribers’ lines
terminating in lineswitches, a plurality of trunks
accessible to said lineswitches for extending con-
nections from said lines, a common master switch
for controlling said lineswitches, a trunk ccnnect
key on each said line, a colmmon control equip-
ment accessible to said lines for controlling saild
master switch, said control equipment responsive
to the operation of the trunk connect key on a

g
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callinzg line for causing said master switch to

operate the lineswitch of said calling line to con-
- nect with one of said trunks, and means in said
control equipment for preventing said control
equipment from responding to the operation of
the trunk connect key cn a second calling line
uniil the lineswitch ol said first calling line has
connected with said one trunk.

17. In a telephone system, subscribers’ stations,
iocal links accessibie to said stations for extend-
ing local connections from sald stations, & distant

exchange, trunk lines accessible to said stations
for extending trunk connections from said sta-
tionis to sald distant elxe an individual
trunk connect key for each of said trunk lines
ond o coramon local~link connect kKey at each of
anid stations, common contrel means accessible
to said stations and re bponglve 0 lLhe operation
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of one of said trunk connect keys or the local-
link connect key at a calling station for causing
said calling station to connect with said related
trunk line or one of said local links dependent
upon the particular key operated, said control
means unresponsive to the operation of any one
of the keys at ancther calling station until said
first calling station has connected with sald one
trunk line or said one local link.

18. In a telephone system, subscribers’ sta.tlons
lineswitches terminating said stations, a common
master switch for confrolling said hnesmtches
a two-way trunk line accessible to said line-
switches, certain ones of said subscribers’ stations
restricted from making outgoing trunk calls over
said trunk line, a trunk connect key at all of said
stations, means in said trunk line responsive to
the establishing of an incoming trunk call on'said
trunk line for preparing a control circuit to said
master switch, said control circuit completed
responsive to the operation of the trunk connect
key at a station answering said incoming call, the
operation of said trunk connect key also extend-
ing the lineswitch operating circuit of said
snswering station to said master switch, the com-
nletion of said control circuit operating said mas-
ter switch for completing the lineswitch operat-
ing circuit of said answering station and there-
by causing said lineswitch of said answering sta-
tion to seize said trunk line, means in said trunk
line for preventing the completion of said control
circuit by the operation of the trunk connect key
at any one of said certain stations when said cer-
tain one station attempts to make an outgoing
trunk call, the said non-completion of said con-
trol circuit preventing the lineswitch of said cer-
tain one station from seizing said trunk line.

19. In a telephone system, a local exchange in-
cluding a trunk to another exchange, local lines
permitted to make outgoing trunk calls over said
trunk, local lines restricted from making such
outegoing trunk calls, 2 common switching mech-
anism for controlling the connection of said lines
with said trunk, control means in said trunk for
completing an operating circuit to said switching
mechanism, said control nieans accessible only to
said lines permitted to make outgoing trunk calls
and effective upon the initiation of an outgoing
trunk call by any one of said non-~restricted lines,
<aid switching mechanism responsive to the com-
pletion of said operating circuit for causing the
calling non-restricted line to connect with said
trunk, the non-accessibility of sald control means
to sa,ld restricted lines preventing said restricted
lines from making cutgoing trunk calls.

20. In a telephone system, subscribers’ lines
terminating in individual lineswitches, trunk
lines accessible to said lineswitches, a single mas-
tor switeh for controlling said lineswitches, a hold
key on each of said subscribers’ lines common to
a1l said trunk lines, means controlled over a call-
ing subscriber’s line for operating said master
switeh to cause the lineswitch of said calling line
to seize one of said trunk lines, means in said
seized trunk line thereafter controlled by the
actuation of the hold key on said calling line for
establishing a hold bridge across said seized trunk
line, and means for releasing said calling line
from said held trunk line.

21. In a telephone system, subscribers’ stations
each having a lineswiteh, trunks accessible to said
lineswitch, a common master switeh for operat-
ing said lineswitches, an individual trunk con-
nect key at each of said stations for each of said
trunks, a single holding key at each of said sta-
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tions common to all said trunks, means controlled
over a calling station responsive to the actuation
of one of said trunk connect keys for controlling
sald master switch to cause the lineswiteh of said
calling station to connect with the corresponding
trunk, means controlled by the actuation of the

30

29, In a telephone system, three groups of sub-
scribers’ stations, a two-way trunk line accessible
to said groups of stations, a control lead from each

~of said three groups terminating in said trunk

1

holding key at said calling station for establish-

ing a holding bridge across said connected trunk,
means for releasing said calling station from said
held trunk, means thereafter operative over any
calling station responsive to the actuation of the
related trunk connect key for conirolling said
master switch to cause the lineswitch of said last
calling station to connect with sazid held trunk,
the connection of said last calling station with
sald held trunk automatically removing said hold-
Ing condition.

22. In a felephone system having at least two
groups of subscribers’ stations, a trunk line acces-
sible to all said stations, a control lead common
to the stations in one of said groups and fermi-

nating in said trunk line a control lead common |

to the stations in another one of said groups and
also terminating in said trunk line, control means
In said frunk line accessible to both said control
leads and operative over either one responsive to
a stafion associated with said one control lead
Initiating a call for said trunk line, means re-
sponsive to the operation of said control means
for causing the calling station to seize said trunk
line and establish a talking connection thereto,
means responsive to said calling station seizing
sald trunk line for preventing further access to
said control means over the control lead from the
stations in one of said groups, the stations in the
other group having continuous access to said con-
trol means over their control lead.

23. In g telephone system, two groups of sub-
scripers’ stations, a lineswitch terminating each
said station, a trunk line accessible to said line-
switches, a common master switch for operating
sald lineswitches, a control lead from each of said
station groups terminating in said trunk line, con-
trol means accessible to said control leads and
operative over either one of said control leads re-
sponsive to g station in the related group initiat-
Ing & call for said trunk line, the operation of said
control means controlling said master switch to
cause the lineswitch of said calling line to seize
said trunk line, and means responsive to the seiz-
ing of said trunk line by said lineswiteh for dis-
abling the control lead from one of said station
EToups. |

24. In a telephone system having three groups
of subscribers’ stations, a two-way trunk line Q.-
cessible to all said stations, a separate control
lead common to the stations in each of said Sroups
and terminating in said trunk line, control means
In said trunk line accessible to said three control
leads and operative over either one of two of the
control leads responsive to a station associated
with said one control lead answering an incoming
trunk call on said trunk line or initiating an out-
going trunk call for said trunk line, said econtrol
means also operative over the third control lead
responsive to a station associated with said third
control lead answering an Incoming trunk call but
not operative over said third control lead when
any station associated with said third control lead

attempts to make an outgoing trunk call to said -

trunk line, and means responsive to the operation
of sald control means for causing the station op-
erating said control means to seize said trunk line
and establish a talking connection thereto.
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line, contrel means in said trunk line accessible to
said control leads, said control means operative
over any one of the control leads responsive to a
station in the related group answering an incom-
ing trunk call on said trunk line, said control
means also operative over two of said control leads
but not over the third control lead when a station
in the related group of stations initiates an out-
going trunk call, means responsive to the opera-
tion of said control means for causing the station

operating said control means to seize said trunk

line, means responsive to the seizing of said trunk
line for preventing further access to said control
means over the control leads from two of said
groups of stations, the remaining control lead
having permanent access to said control means.
26. In g telephone system wherein subscribers’
stations are in more than one group and each sta-
tion terminates in an individual lineswitch, a
trunk line accessible to all said lineswitches, gz
common master switch for controlline said line-
switches, means for permitting the lineswitches of
oneé group of sald stations to connect with said
trunk line when said trunk line is engaged, means
controlled by a calling station for operating said
master switch to cause the lineswitch of said call-
ing station to seize said trunk line, means con-
trolled over said one station and said seized
trunk line for holding said seized trunk line,
means thereafter operated by said one station for
connecting with a desired called station of said
one group, means controlled by said first station
for again operating said master. switch to cause
sald lineswitch of said first station to seize said
held trunk line, the reconnection of said first st~
tion with said held trunk line automatically re-
moving said holding condition, and means con-
trolled by said second station for operating said

‘master switch to cause the lineswiteh of said sec-

ond station to seize said engaged trunk line and
establish a talking connection with said first sta.-

tion and said trunk line in multiple.

27. In a telephone system, a plurality of sub-
scribers’ stations, each of said stations terminat-
ing in g non-numerical switch, a plurality of
Iinks for connecting said stations together, a mas-
ter switch, said master switch controlled by a
calling station for causing the non-numerical
switch of said station to seize one of said links,
sald master switch thereafter controlled by said
station over said link for causing the non-numeri-
cal switch of a desired called station to connect
with said link seized by the non-numerical switch
of said first station.

JOHN H. VOSS.
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