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70 oll whom it muy concern:

Be it known;that 1, Arraur B. Seerry,
a citizen of the United States of America,
and resident of Chicago, Cook county, IlH-
nois, have invented a certain new and useful
Improvement in Telephone-Exchange Sys-

tems, of which the following is a specifica-

tion. :

My inventionr rvelates to telephone ex-
change systems of that character in which a
private branch exchange is connected by one
or more trunk-lines with a main exchange,
the brinch exchange being equipped with
manpual switchboards, and the main ex-
change being equipped with auntomatic
switches, such as selectors and counectors,
controlled by the subscribers thereof.

The object of my invention is the pro-
vision of a manual switchboard operator’s
cord civenit that may be used for connecting
together any two "subscribers of the same
private branch exchange, which may be used
‘for extending connection from an automatic
subscriber of the main exchange to any sub-
scriber of the private branch exchange, or
which may be used for extending connection
from an automatic subscriber of the private
branch exchange to a similar subscriber of
the main exchange, there being ample super-
vision of the connection in each case.

Apother object of my invention is the

- provision of a manual switehboard opera-

" tor’s cord circuit that may be used in con-.
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junction or combination with a two-wire au-
tomatic telephone exchange system—that is
to say, an automatic telephone system in
which nooperating groinds are employed at
the substations, and in which the automatic

switches of the exchange are, therefore, con-.

trolled by the subscribers over complete me-
tallic line circuits. . g

It is also an object to provide certain de-
tatls and features of improvement and com-
binations tending to increase -the general
efficiency of a telephone exchange system of
this pacticular character, as will hereinafter
more fully appear. .

To the foregoing and other useful ends,
my invention consists in matters hereinafter
set forth and claimed. ' ’

In the accompanying drawings Figure 1
représents diagrammatically an equipment
for 3 private branch exchange embodying
the principles® of . my invention. A ‘sub-
scriber’s automatic substation is shown at 4,

_suitable or approved type.

and at A' and .\? are two manual substa-
tions. The line conductors of each substa-
tion terminate in the wsual jack, At C is
shown my improved cord circuit by means
of which the operator nuy connect any two
subseribers of the private branch exchange,
or any subscriber of the branch exchange
with any subscriber of the main automatic
éxchange. In the drawings are shown sev-
eral batteries B having thelr positive termi-
nals preferably grounded: there may De,
however, but one battery. Either arrange-

60

ment constifutes a common means for sup- -

plying operating and talking current to the
subseribers’ lines. o

In Fig. 2 there is shown diagrammatieally
a central office equipment in connection with

which I have elected to explain my inven-

tion. The line switeh D is attached to the
trunk-line conductors which terpinate in a
jack at the private branch exchange (Tig,

'1). The master switch I controls the plun-
At ¥ is showp a -

gers of the line switches.
first-selector switch. :

In Fig. 8 a connector switeh is shown at-
H., To the line conductors of substation

A? there is allotted the line switeh D', which
is the same as the line switch D (Fig. 1), A
central office ringer generaior is shown at I,
and at J is represented a busy-signaling de-
vice. A central hattery, having its positive
terminal preferably grounded, is shown
at B’,

As shows in Fig. 1, the substations of the
private branch exchange are of two types,
automatic and manual, '
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The automatic substations may be of any -

, -As shown, it
will be seen that substation A is somewhat
different from the nsual automatic substa-
tion, being arranged and modified to oper-
ate in connection with a two-Wire system—
that is, a system in which no grousnd con-

-nection is used at the subscriber’s substa-

tion. Substation A, for example, comprises
the usual receiver 2, switch-hook 3, the in-

-duction-coil + with the primary winding 5

and the secondary winding 6, transmitter 7,
condenser 8, ringer 9, and impulse wheel 10
which has the nsual impulse teeth 11. - The
impulse wheel 10 is sccured to the shaft 12,
to which shaft there is also secured the dial
{not shown). When he dial is turned the
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impulse teeth 11 are adapted to engage the . =

cam 13 upon the end of the spring 14 and

110



ot

10

20

o3
o

3¢

3

ot

40

=

(i)

g

b6

50

65

o

thereby carry the latter out of engagement
with the spring 15. Upon the switch-hook
5 there is the cam. 16 which, when the
switeh-hoolt 1s up, permits the springs 17
nnd 18 to engage, therehy bridging across
the subsceribers” Iine condretors 19 and 20
the primary civenit including the transiit-
ter 7 in series with the primary winding 5;
but when the switch-hook is” lowered the
spring 17 is carvied ont of engagement with
the spring 18 and into engagement with
spring 18 whereby the ringer 9 in series
with the condenser 8'is bridged across the
Jing conductors 19 and 20 instead.

The manual substations A7 and A2 are of
the usnal standard commion batiery type
with the live conductors terminating in
jacks at the private branch howrd.

The operator’s cord circuit C is an in-
provement upon the usual manual common
battery cord cireuit, since means. are pro-
vided whereby the operator may counect a
manual substation with an automatic sub-
station of the main exchange, and, also, an
automatic substation of the branch ex-
change may be operated to establish connec-
tion with a subscriber’s station of the auto-
matic exchange. The cord circuit ' com-
prises the usual supervisory relays 21 and
22, supervisory ‘lamps 23 and 24, and ring-
ing and listening key K. In addition there
4s provided a key K’ which is operated when
the cord eircuit is used in completing a con-
nection o the main exchange. Also, a
switch M is provided for discannecting the
ground at the tip from the supervisory lamp
23 when desired. At O there is shown an
operator’s set with a calling device. »

The line switch D aund master switch E
are of the general type disclosed in English
Patent No. 26,301 of 1906, and in the I esi-
ern_lilectrician, of January 25, 1908, The
circuit connections are, however, modified
to adapt the switches to operate in connec-
fion with a two-wire system—that is, a’sys-
tem in which there is no ground at the sub-
scriber’s station.

The first-selector switch F is of the gen-
eral type shown in United States Letters
Tatent No. 815,321, granted March 13, 1906,
to Keith, Erickson & Erickson. As shown
in IMig. 2, the bridge-cut-off relay and the
normal conductors have been omitted, and
the civeuits are otherwise changed to oper-
ate in conjunction with the line switch D.

The connector switelh H (I'ig. 3) is of
the general type of connector switely shown
in United States Letters Patent No. 815,176,
granted March 13, 1906, to Keith, Erickson
& Lirickson.  Like the live switch D and the
first-selector F it is arranged to operate in
a system in whicl there is no gror ud con-
nection at the subscriber’y station.

A clearer understanding of the operation
of my improved cord cireuit may he had

1,285,220

From an explanation of its operation when
employed to conneet two lines, As previ-
ously stated, the cord circuit Cis a combina-
tion circuit—that is, it may be used in oa
private branch exchange to complete the
contiection between any two local subscrib-
ers in the nsual manndr, or it inay be nsed
when any subscriber of the hranch exchange
desives u connection with a subseriber of the
main automatic exchange. The branch ex-
change operator, or the ealling subseriher
himself provided he ealls from an anto-
matic substation, way operate the main office
switches to establish the desived connection,
Furthermore, a call coming from the main
antomatic exchange to the hranch exchange
may be extended to any subscriber of the
branch exchange through the mediunm of the
cord C. For example, it will be peinted out
how a subscriber of the private branch ex-
change may be connected with a subscriber
of the main exchange. Suppose that the sub-
seriber at the automatic substation A de-
sires connection with the subscriber at sub-
station A2 (Fig. 3). 1In that event, when
the ealling subscriber removes the receiver
from the switch-hook an energizing cirenit
is closed through the line relay 25 (Fig. 1)
xtending from the, ground G7 through the
jack springs to the line conductor 20
through the substation A to the line con.
duetor 19, jack springs, line relay 95, to the
battery B, thence to ground (. The line
relay energizes and closes a cireuit through

the line Tamp 26, whereupon the operator

inserts the plug p into the jack 4. This
breaks the energizing civenit' for the line
relay 25, which is then restored to normal
position. The operator then throws the Iis-
tening key K to bridge the operator’s set ()
across the line. The subscriber at substation
A s provided with battery current from
ground G through the springs 27 and 28
(the key T’ being in normal position),
through the winding 29 of the supervisory
relay 21, sleeve conductors of the plug »
and jack jto the lire conductor 20, thence
through the substation to the line cond uctor
19, tip conductor of jack j and plug p, wind-
ing 30 of the relay 21, springs 31 and 34,
thence throngh batiery B to ground (5. The

relay 21 energizes and attracts its armatire

33, thus disengaging the ‘contact point 54,
The operator’s set is provided with tallking
battery current from ground through the
winding 85 of the supervisory relay 22,
springs 86 and 37, springs 88 and 39, con-
tacts 40 and 41 of the key K, through the
primary cireuit of the set O, key contacts
42 and 43, springs 44 and 45 and 46 and 47
of the key I, winding 48 of the relay 92,
thence through battery B to ground G, The
velay 22 energizos and attracts its arnatire
49, thus disengaging the coniart 50, The
operator, after learning that a subscriber of
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the main exchangé is desired, inserts the
plug »’ into the trunk-line jack §, and, since

‘the calling subscriber is at the automatic

substation A, the operator throws the key
K’ to the position shown, placing the
springs 28 and. 39 and 31 and 44 in contact,
thereby extending the calling subscriber’s
line conductors 19 and 20 to the trunk-line
conductors 51 and 52. The calling sub-
scriber is then able to establish the desired
connection, independently of the operator.

- Top call the numbér 220, substation: A3 (Fig.
3), the subscriber at substation A (Fig. 1)
operates the calling device for each digit in
the well-known manner—that. is, when the
substation line conductors 19 and 20 are ex-
tended te the trunk conductors 51 and 52 by

“the throwing of the key K’, a preliminary

‘20

25
. “to establish connection with an idle trunk-

80

40 .

45

1

- BB

impulse provides an energizing circuit for
the trip magnet 53 of the line switch D,
whereby the line switch D is operated to
seize an idle trunk-line leading to a first-
selector switch. The dial is turned for the
first digit and, upon returning to normal
position, operates the first-selector switch

line leading to a connector switch. The im-
pulses delivered by the dial for the last fwo
digits are directed toward the connector H,
which operates to place the shaft wipers in
ceamection with the contacts corresponding to
tho desired number. The preluninery 1m-
prise for ehergizing the trip magne
curs when the substation line conductors are
nded to the trunk-line conductors and
srimary cireait is bridged across the line.

When the primary circuit is tlus bridged

« the line, the encrgizing circuit for the
magnet 53 is completed and extends from
a4 G* {Fig. 3) through the trip magnet

ductor 52, through the slecve of the jack 7
and plug #’, svrings 39 -and 28, winding 29
of the supervisory relay 21, sleeve of the
plug » and jack j to the line conductor 20,
through the springs 17 and 18, impulse
springs 15 and 14, primary winding 5, trans-
mitter 7 to the line conductor 19, tip of the

“jack j and plug p, winding 30 of the relay

21, springs 31 and 44, tip of the plug.p” and
jack 4 to the trunk-line conductor 51 {¥ig.
%), springs 56 and 57, threugh the resistance
coil 58 to the battery lead 59, thence through

bagiery B Lo ground G.  As soon as the trip
magnet 33 energizes, the armature is at-
tractedd and the plunger is liberated and.

thrust into the bank terminal. When the
plunger engsages the bank terminal an ener-

© gizing, eircuit is established through the

60

motdr magnet relay 60, which in turn oper-

ates to close an energizing circult through

_the niotor magnet 61 of the master switch.

E. {The motor magnet then operates to ad-
vance all idle plungers that are in locking
engagement wilth the shatt 62 to a point op-

, thvough the springs 34 and 55, trunk con-.

8

posite the next idle bank terminal similar

to the terminal just engaged. The circuit
through the relay extends from ground G?®

‘through the winding 63 of the relay 60 to the
-common, segment 64, thence through the

wiper 65, through the segment 68, conductor
67, bank terminal springs 68 and 69, through
the winding of the release magnet 70 to the

“battery lead 59, thence through battery B’ to

ground G. Although this circuit includes
the release magnet 70, the said magnet does
not, operatively energize, since the winding

of the relay 60 is of a high resistance, while.

the winding of the release magnet 70 is com-
paratively low. The relay 60, upon energiz-

‘ing, operates to place the springs 72 and 73

into contact, whereby a circuit is completed

through the motor magnet 61 extending’

from ground G* through the springs 72 and
78, motor magnet springs 74 and 71, through
the winding of the motor magnet 61 to the
battery lead 59, thence through battery B’ to
ground G. The motor magnet 61, upon en-
ergizing, attracts its armature 75, whereby
the pawl 76 engages the ratchet wheel 77,

70
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advancing the latter one step. When the

armature 75 is attracted against the magnet
cores the springs 71 and 74 disengage, there-
by breaking the energizing circuit through
the motor magnet 61 and permitting the
armature 75 to return to normal position.
The cam 78, being in engagement with the
pin 79 upon the ratchet wheel 77, is operated
to advance the plunger shaft 62, and conse-
quently all idle plungers that:may be in nor-
mal locked position with the shaft 62, oppo-
site another terminal similar to the terminal

engaged, assuming that the next succeeding
“trunk is idle. Consequently, the wiper arm

65 is carried from the contact peint 66, which

“corresponds to the engaged terminal, to the

contact point 80, which lafter corresponds to
the terminal before which the advanced idle

plangers are now resting.  Suppose that

nine subscribers have called, and that the
master switch h_as_,thus operated nine steps,
carrying the wiper 65 to the last contect

point 81. Now, when the motor magnet ¢1

operates . for the next step, when the tenth

* subscriber calls, the wiper 65 passés back and

drops into engagement- with the contact
point 66.  If the first trunk is still busy the

wiper 65 finds a battery potential on the con-

tact 66, and an energizing circuit is estab-
lished: through the differential relay 60,

100
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110
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120

which in turn operates to close an energizing -

circuit through the motor magnet 61.  The
current through the said relay 60 flows from
the said comtact 66 through the wiper 65 to
the common segment 64, and through the
winding. 63 of the differential relay 60 to
ground G® When this relay energizes it
operates to close the circuit through the
motor magnet 61, and the motor magnet
then operates, as previously explained, to

125
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rotate the ratchet wheel 77 one step, and the
master switch bank wiper 65 one step also
and into engagement with the second seg-
meng 8C. When thns advanced one step the
plunger shaft 62 carries all idle plungers
that are in lochmu engagenent with said
shaft to a posmon opposite the first idle
bunk terminal, as previously explained. If
there should be a guarding potential at the
bank segment 80 “the differential relay 60
will remain energized, wheveby the energiz-
ing cireuit Humwh the motor magnet 61 is
again comp]eted when the motor magnet
springs T+ and T1 again engage, and as a re-
sult the motor magnet 61 is 1gmn operate,
whereby the plunﬂer shatt 62 and tho nas-
tnr switch wiper 65 are advanced another

step. This process continues as long as the
\vlper 65 continues to find .soﬂments with
guarding potentials. As soon as an idle seg-
ment is iound however, the energizing cir-
cuit through the 1'@1‘1\ 60 is br oken. at which
time the s dld relay in turn breaks the ener-
gizing circuit for the motor magnet 61 until
the next subscriber makes ¢ call. At the in-
stant that the plunger enters the bank ter-
minal the following 51)1'1115_{5 are plosb(‘(] into
contact: 68 and 6‘). 82 and 83, 84 and 83, and
86 and 87. The engagement of the springs
84 and 85 closes a (11‘(‘111( through the cut-off
relay 89 extending from 01011nd G* through
the springs 84 <Lll(l 85, 10LW 89 to the battery
lesd 59, thonu, thrmwh battery B’ to ground
(. The said relay, upon energizing. oper-
ates to carry the springs 57 and 56 out of
engagement wuh the springs 57 and 44
When these springs disengage, the resist-
ance coil 58 1s disconnected from the trunk-
line conductor 51, and the trip magnet 33 is
disconnected from the trunk-line conductor
592. The engagement of the bank springs 84
and 85 also establishes a guarding potential
by way of the normal conductor 90 to the
connector private bank contacts correspond-
ing to the trunk-line that terminates in the
line switeh D to prevent any subscriber
Trom. calling the said line after the trunk-
line has been engnged at the private branch
exchange, as explained.  Also, the closure of
connection between the springs 68 aud 69
establishes a guarding potential at the mas-
ter switch bank econtact 66 over the follow-
ing circuit: from battery B’ to the battery
Jend 59, thence. through the winding of the
release magnet 70, tlmmuh the springs 69
and 68, conductor 91 to the said contact
point 66. It will be understood that the en-
gnged bank terminal (being the first bank
terminal of the line switeh bank) corre-
sponds to the first segment 66 of the master
switch bank and, therefore, to the trunk-line
the conductors 92, 93 and 94 of which termi-
nate in the first-selector switch F.o This
cuarding potential protects the seized trunk

1,295,220

conductors 92, 93 and 94 from being seu(\d.

by other pl.mous. as already expluined.
The closure of connection between the
springs 82 and 83 extends the calling sub-
seriber’s line conductor 19 to the trunk cou-
duetor 92 and the side switch \\ iper 95 of the
first-selector switeh If. The closure of con-
tact between the springs 86 and 87, in a
similar manner, extends the subscriber’s Iine

GH

70

conductor 20 to the trunk conductor 93 and -

to the side switch \Vl])(’ r 96 of the selector I¢,
The subseriber has thus established connec-
tion with the selector switch, which is now
operated by the impulses that are delivered
when the dial returns to normal position for
the first digit. When the subscribers’ line
conductors 19 and 20 are thus extended to
the fivst-selector switch F an energizing cir-
cuit is established through the ]1ne lley g7
extending from gxound G® through the
winding 98 to the contact point J‘J side
switch wiper 96, trunk conductor 93 thmlurh
the bank sprmos 87 and 88 to the trunk- line
conductor 32, then through the substation
and to the trunk conductor 51, as 1)1(‘\'101151}
explained, throngh the bank springs 82 and
83, trunk conductor 92 2, side switch wiper 935,

75
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contact point 100, tluough the winding 101 _

to the battery lead 59, thence throngh bat-
tery: B’ to ground G. The relay 97, upon
f_-,nm,mmnw operates to place the spr mg.s 102
and 103 in contact, wherehby an energizing
cirewit is established through the yelease
relay 104 extending from ground G7 through
the springs 102 and 103, relay 104 to the
battery lead 59, thence thmunh battery B3” to
ground (. The release 1(‘1‘1\1 104, npon ener-

gizing, operates to carry Hw spring 105 out
of engagement w ith the spring LO(; “and into
engagenient with the spring 107, This is the
condition of the first-selector switeh I when
the subseriber operates the dial for the first
digit. The first digit being 2, the impulse
spring 14 is twice carried out of engagement
with the impulse spring 15, As a result the
energizing cireult through the line relay 97
is broken twice, and the spring 102 comes

into contact with the spring’ 108 twice.
After the two impulses are thus delivered

the line relay 97 again energizes and earries
the spring 102 into contuct with the spring
103. The relay 104 is a slow-acting relay-—
thut is, slow to deénergize; and when this
energizing cireuit is momentarily broken
<lux'mo the vertical impulses just delivered,
the sdld velay does not deénergize, but re-
mains in aun operated position with the
spring 105 in contact with the spring 107.
Then when the spring 102 engages the
spring 108 two impulses are transmitted
to the vertical magnet 109 from ground

G7 through the gprings 102 and 108,
to the springs 105 and 107, ﬂll‘()UO‘]l
the private magnet relay 110, thy ouﬂh
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“the windiﬁg of the ‘vertical ‘magnet 109,

~ontact point 111, side switch wiper 112 to
the battery lead 59, thence through battery
B’ to ground G. Two impulses being deliv-
ered, the vertical magnet 109 is thereby en-
ergized twice, and the shaft wipers are given
two vertical steps in the well-known manner.
It will be seen that the private magnet relay

- 110 is included in the energizing circuit of

16

15

20

the vertical magnet 109. This relay also en-
ergizes, but being a slow-acting relay it en-
ergizes on the first impulse and remains so
until all the impulses are transmitted. This
relay, upon energizing, operates to close the
springs 113 and 114 in contact, whereby an-
energizing circuit is established through the
private magnet 115. This circuit extends
from ground G7 through the springs 113
and- 114, privaté magnet 115 to the battery
lead 59, thence through battery B’ to ground

G. The private magnet relay 110 deéner- -

gizes after the last vertical impulse, since
this energizing circuit is no longer main-
tained after the. springs =102 and 108 dis-

oagage.  Hence, the said relay deénergizes,

" permitting the springs 113 and 114 to dis-

engage, whereby the energizing -circuit

- through the private magnet 115 1s.in turn

30
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broken, which private magnet now deéner-
gizes and permits the ‘side switch to pass

from first to second position, allowing the .
‘side switch wipers:112 and 116 t6'engage the
-contact points 117 and 118, respectively.’

The closure of contact between -the side
switch wiper 112 and the contact point 117
sets up an energizing circuit for the rotary
magnet 119 from ground G° through the in-
terrupter springs 120, through the winding

-of the rotary magnet 119, contact point 117,

side switch wiper 112 to the battery lead 59,

-and through battery B’ to ground G. The

said rotary magnet then operates to rotate
the shaft wipers 121, 122 and 123 of ‘the se-
lector F into engagement with the first con-
tact of the second level of the selector banks,
from which contact it is assamed - the trunk-
line conductors 124, 125 and 126 lead to the
connector switch H. If the first trunk-line
is busy, however, and the wipers have to pass:
over busy trunk-lines, then as soon as the
private wiper 123 engages the first. private
bank contact, the private magnet 115 again
energizes, locking the side switch in second

“position. The energizing circnit for said

55
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private magnet extends from the grounded.

terminal G of the battery B’ through an oc-

cupying switch (not shown), through the

private wiper 123, thence through the con-
ductor 127 to the side switch wiper 116, con-
tact point, 118, through the winding of the
private. magnet 115 to the battery lead 59,
thence through battery B’ to ground- G.
The private magnet 115, upon thus becom:-
ing energized, locks-the side switch-wiper:
112'in engagement® with sthe contact *poi

oint

o

117, whereby the rotary magnet 119 will be
energized step by step until the wipers are
carried beyond the last busy trunk-line. At
the instant the private wiper leaves the last
busy - contact point the energizing circuit
through the private magnet 115 is destroyed,

-and as a result the selector side switch passes

to third position. If, however, there are no
busy trunk-lines, the private magnet 115 re-
leases the side switch to third position as
soon as the wipers are carried into engage-
ment with the first trunk-line.- As soon as

the side switeh passeq to third position, as

70
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stated, the subscribers) line conductors 19 =

and 20 are extended to the conductors 124
and 125 which, in this case, it is assumed lead
to the connector switch F. The extending of
the line occurs; of course, as soon as the side

80

switch wipers 95 and 96 engage the contact -

points 128 and 129, respectively.. When the
subseribers’ lines are thus extended to the

85 -

connector switch H, an energizing circuit is

established through the line relay 130 in
the same manner in which the energizing cir--
cuit .was established through the line relay
97 of the selector F'. when the subscribers’
line conductors 19 and 20 were extended

90 -

through the line switch bank to the trunk

conductors 92 and 93. The energizing cir-
cuit through the line relay 180 extends from

ground G* through the winding 181, trunk’
:conductors 125, 93 and 52 to the line conduc-

tor- 20 thence through the substation to the
line conductor 19, trunk conductors 51, 92

"and 124, thence through the winding 182 to

the battery lead 59, and through battery B’
to.ground G. The line relay 130, upon en-
ergizing, operates to shift the spring 133
from the spring 134 to the spring 185, where-
by an energizing circuit' is established

95
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through the release relay 136 extending from |

ground G® through the springs 183 and 135,
relay 136 to the battery lead /59, thence
through battery B’ to ground G. When the
relay 136 energizes, the spring 187 is shifted
out of contact with the spring 138 and into

110

contact with the spring 189, and the spring _

140 "is shifted into engagement with the
spring 141. This primary operation of the
connector relays 130" and 1386 occurs at the
instant that the side switch wipers of the se-

115

lector F.pass to third position and «<xtend

the subscribers’ line conductors to the “con-
nector H. The engagement of ‘the springs
141 and 140 establishes a guarding potential

120

for protecting the trunk-line conductors 124,

125 and 126 against seizure by :another line

,and first-selector. - This potential extends
from ground G'°"to ‘the side switch wiper’

142, springs 140 and 141, ‘tonductor 126 to
the private bank contact engaged by the
shaft wiper 123. Furthermore, when the

125

side switch of the first-selector ' passes to

third pokition a .new energizing ‘circuit is
established through the release relay 104, said

130
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cirenit extending from ground G*° at the

connector switeh to the conductor 126,

through the shaft wiper 123, side switch

wiper 116, conductor 143, 'ln‘fmgh the re-

lease lehv 104 to the battery lead 3¢, thence

through battmy B’ to ground 4.
L

The eperation of thu diad for the last two
digits affects the connector switch, and when

the dial is operated fm the second digit 2 tis
impulse spring 1+ s twice carried out of en-
gagement with the spring 15, 1'11@101)_‘,' mo-
menmmly deénergizing the line reluy 130
twice, W heveby the spring 183 twice engages
the spring 134, thus sending two impulses to
the vertical magnet 144 from ground G
through the springs 133 and 134, springs 187
and 1389, through the vertical n’l:z,gnct, 144,
contact point 145, side switeh wiper 146, pri-
vate magnet re l(w 147 to the batier Y lead 59,
thence through battery B’ to ground G. The
private magnet relay 147 “neuzl”m when the
first nnpuluc is delivered, and since the said
10]&} is slow-acting it remains in an operated
position until all the vertical impulses have
been sent.- The vertical nwagnet, upon being
energized, operates one stop ab 2 tioe fo
carry the shaft wipers ©48, 146 and 150 twe
steps to a 1)(nnt opposite the second level.
}he relay 147, upon energizing, shifts the
spring 154 out of engugement with the
spring 152 and into o‘mdoonwnt with the
spring 153: also, the spring 154 ig shifted
of engagement with the spring 158
When the springs 151 and 153 engage, an
energizing civeutt is established ﬂnmrgh the
private magnet 155 from ground G4
through the springs 153 and 151, private
magnet 165 to the Batter vy Jead ,> thenee
through battery B3 to gronnd G. The relny
147 being a slow-ncting velay 1‘(*111:1%115;: in an
operated position \"hilo the vertical impuises
are being seot, but afrer all the impmr%
have been delivered, and the lue re 150
veturns to its operated position, the cireuit
hrongli the relay 147 I)W«)ﬂﬂfH ’m'n)i‘:«‘n, this
permitting the springs 151

H

1

[
Y

in

turn to normial position. nl
151 and 133 disengage, the circuit { {hroug sl
the private maguet 155 ‘.)w:umw bml\en,

whereby the sa
mitting (he wde switeh to p
to second position. The eallin
now operates the ealling devier
digit 0, therchy tfransmitting ten
and operating the line vefuy 180 ¢
Fael: tiwe that the line reby
and 134
tublished through the rotavy
from ground ¥ through the
135 and 134 and through the s 157 and
139, locking relay springs 157 and 158,
through the rolury magnet 1)() to the con-
tact i)o'ni 159, thenee *m‘o‘wh the side switch
wiper 146, throu gh the private nagnet re-
lay 147 the batuz v Jead 89, thence

4

i magnet defnergizes,

er-

for

mpithses
fimes.
springs 133
fengage, an enevgizing cireilit Is es-

[

magnet 156
s Springs

O

to

through battery B’ to ground -G Again
the private magnet velay enexgizes, as
in the previous case, rvemaining so until

all the impulses are transmitted, hm'om' T

taining the private magnet energized also. 70
The votury magnet 156 then opern ates o 1o-
tate the shaft wipers inte en ment with
the desived line #2200 If this Jine is husy
at the thue, the econnector side switeh will
be Jocked in seeond position. It will be as- 78

sumed, however, that the desired hue is net
busy and that the eonnection s established,
As soon ax the Jine relay 130 ceases fo

erate for the last digit the pyivate mnag
relay 147 downouriv,u;. as  herctofor 30
plained, in this instance permitting the side
switch to trip to thivd 1)(»1(1(;:1. The result
is that the side switch wipers respectively
engage their third-position contact points.
When the side switeh w iper 160 engages the 83
contact point 161 & puurding potentinl is
completed af the P dvate wiper 150 for pro-
tecting the wl/m: line ‘vn» outside inter-
ference while the connection i estuhlished.
This Unv“dm potential m.uml.» Frow g0
;::‘mmfi (1% to the contac ]m-m 161, thenee
by way of the side switeh wiper H;\L foclsin
relay spl'ings 162 and 1638 to the privat
wiper 160, Not ondy dees this guurding po-
tentinl pu‘\'e}*f' other corvectors from eall- 95
ing in on mv same line over multiples of the
normal conductors 164, 165 aud 166, but it
also provides mweans for cnerg :cmw H)o eut-
oif J.(lP" 167 of the | e switeh D7 whereby
the switeh D s pm\r*u‘m» frow }pu'mi_m;; 160
waen the called subseriber removes his ve-

iy
Wwhad

ceiver 1065 from the switeh- imm' IXSHN
also be seen that when the
to thivd position the
ductor
lector

fe gy 1{141 PRSSes

5

fru
196 that bot
xmi the connector i
;-m,(-:m,i;zi E"n,um VL

Tl

llll\wl“h
ffnv T 1]1&‘
‘w.\’uﬂ( Jie
i pc,;;i;mn a

126 15w 'i%'

runk
scde \‘,‘\ *Mn
O(E 'E‘
prov m"d {mm
side awitch wi
this ig that the pungd
jw‘ml”d (391s Azm‘*-gm» oy

RN npu;an’w and 1in"v i 5
cp seleetor sumilar to the selector T
the same brund-tine, Afterthe
to thived m,nmm;,, however,
ver, and the potential is
Y through the line re-
lay sprin : Of wm'se, when the
side switch wipevs 170 and 17 engage thetr
third- pommn‘ contact points ] 72 and 173 the
ealling subsciil w"; line is placed in connee-
”mn\wﬂ the called subser 1ber’ line over the
heavy conductors shown. passing through
the ringer relay spr m;ﬁ 174 and 175 on one
side, ,md 176 "and 177 on the -other side.
oot as the connection is thus established,

s e 11’[:1_\' 115

sibility of

(3

prm id
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the ringer relay 178 is energized over the cir-

. cuit established when the side switch wiper
146 engages the contact point 183, the en-
ergizing current flowin,

5 through the interrupter \17 9, through the
back-bridge relay springs 180 and 181,
ringer relay 178, conductor 182, contact point
183, side switch wiper 146, private magnet
relay 147 to the battery lead 59,  thence

10 through battery B’ to ground G. ‘It will he
seen that as the interrupter 179 revolves, the
energizing circuit of the ringer relay 178
will be broken periodically so as not to ring
the called subscriber continuously. Further-

15 more, it will be seén that each time that the

’ ringér. relay is energized the springs 174
and 176 ‘are separated from the ringer re-

. Jay -springs 175 and 177, thereby breaking
~“connection between the calling line and the
.20 called line, and pressing the springs 174
-and 176 onto the springs 184 and 185 which.

. are-the terminals of the ringer generator I.

- As a result ringing current is sent over the

..~ ' called line for energizing the bell 186 while
'25.the springs 187 and 188 are in contact.
However, as soon as the called subscriber

- apswers, the back-bridge relay 189 is ener-
gized by a flow of current from ground G2,
.~ contact. point 161, side switch wiper 160,

80 winding 190 of the back-bridge relay 189,

~ ringer relay springs 177 and 176, side switch
wiper 171, contact point 178, ‘rotaryline
‘wiper 149, normal conductor 165, line con-
ductor 191, switch-hook springs 188 and 192,

85 impulse springs 193 and 194, transmitter 195,
line conductor 196, normal conductor 164,
shaft wiper 148, contact point 172, side
switch wiper ‘170,-ringer relay springs 174

. ‘and 175, winding 197 of the back-bridge relay
40 189, thence to .the battery lead 59, and
through battery B’ to ground G. Once the
back-bridge relay 189 is energized, however,
the energizing circuit for the ringer relay 178

is interrupted at a point between the springs
45180 and 181, thus making: it impossible for
the ringer relay to energize as long as the
called -subscriber is: on the line. v’fhe sub-
scribers being thus connected they may lcom-
~ municate over the main talking conduftors

- . 50 indicated by the heavy lines.in Figsi1, 2
’ inicluding on ‘one side ‘the con-
the conneetor H, and on'the.

" and’ 3,.and
denser 200
other side the“condenser 201.

+.“After the subscribers are through talking, :

6§ if the cfil_ling .subseriber- hangs: up -his Te-.
" ceiver-he bpens’up the liné éircuit at a point

* between the springs 17 ‘and 18; thereby ini- -

iating the release of all of the switches.
This releasé is brought about as follows:
80 At the instant that the circuit is broken be-
*. tween the said §prings 17 and 18, the-double-
‘wound <line relay. 130 and the relcase relay

136 of the connectay:H deénergize. - At the

. instlint that the slow:acting relay-136 and
85 the line relay 130 deénergize, the energizing

from ground G**.

“the connector is also restored.

7

circuit for the release magnet 202 is closed
at a point between the springs 187 and 138
and at another point between the springs 133
and 134. A flow of current is, therefore, set up
from ground G through the springs 133 and
134, through the springs 137 and 138 to the re-
lease magnet 202, thence through said mag-
net and to the off-normal spring 204, to the
contaet point 203 and to the battery lead 59,
thence through battery B’ to ground G. 7
The release magnet instantly releases the
connector switch shaft and side switch,
thereby breaking -the energizing circuit
through the back-bridge relay 189 if the
called subscriber has not in the meantime
restored his receiver, and also the energiz-
ing circuit through the bridge-cut-off relay
167 of the called line switch D’. As soon
as the connector switch shaft reaches its
lowest, position it breaks the circuit for the
release magnet 202 by separating the off-
normal’ spring 204 from the countact point
203, at which instant the release magnet of
The oper-
ation of the line relay 130 and of the slow-
acting relay 136 not only causes the release
of the connector, as described, but also the
release of the preceding switches, because
the ground connection from ground G° to
the trunk-release conductor 126 is inter-
Tupted by both of these relays. Since the
release relay 104 is dependent upon this
ground for its energized condition, as al-
ready explained, it follows that they will
fall back, with the following results: As
soon as the release relay 104 of the selector
I deénergizes, the springs 105 and 106 are
brought into contact, and as a result the en-
ergizing circuit for the release magnet 205
is_closed. The energizing current for this:
release magnet 205 then flows from ground
G' through the springs 102 and 108, and
through the said springs 105 and 186 to
the release' magnet 205, thence through said
magnet to the contact point 206, off-normal
spring 207 te the battery lead 59, thence
through battery B’ to\ ground G. The
release magnet, upon energizing, then re-
stores” the first-selector, side switch and
switch “shaft, which switch shaft, upon

70 -

80

85

90

95

100

105

i10

‘reaching’ its lowést position, opens the en-
‘ergizing circuit for the selease magnet-205
-at-a'point between the off-normal spring 207

and the contact point 206. Furthermore,
when the release magnet 205 energizes and
closes .the springs 208 and 209 in contact
an energizing circuit is esta‘blish?d through
the release magnet 70 of the line switch %
This circuit extends from ground G
through the springs 208 and 209 -onductor
94 to the bank springs 68 and 69, thence

120

125

_through the release magnet 70 of the line

switch, D to the battery lead 59, and through
battery B” to ground G. It will he seen

that the release magnet will then energize 130
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from the substation A

£

and attract its armature, remaining in readi-
wess to vestore the switch. As the release
magnet 203 deénergizes and separates the
springs 208 and 209, the release civenit is
hrok o, ~which polmlts the release magnet
70 of the line switeh D to deénergize, thele-
by withdrawing the planger from the bank
torminal, As a 1'@»\111 the bank springs 68
and 69, ax well as the other bank springs of
the line switch D, ave separated, thus pre-
venting any otlier action from thc trunk,
After the switches ave thus restored, of
coutrse, the calling subscriber can then pro-
ceed to make another cadl,

Furthermore, when the subscriber at sub-
wintion & vestores his receiver, the energiz-
ing cirenit threugh the wnmmgs & aml 30
of the supervisory relay 21 (Fig. 1‘) ecommes
broken, and the relay armature 33 returns
to normal position in contuct with the point
34, thereby closing a cireuit through the su-
pmwon Jamp 23. The 010\\*111“ of this
mmp indicates to the oporltor that the sub-
seriber wf stubstation A has vestored his re-
ceiver and no longer desives th\, trunk-line
connection, The plu'rs g and p” are removed
from the jacks j aad 77 and the key I is
restored to normal.

ad the subseriber at the manual substa-
tion Al desired connection with the auto-

wmatic station A%, the connection would have
been made by the vper ator. The plug g) s
inserted in the jack / and the plug p’
the trugk-line jack 7. The key K’ 18 opex—
ated toeplace the springs 40 and 40, and 47
and 210 in contact, thereby bridging the op-
eator’s set and calling device O across the
trunk-line conductors 51 and 52, The op-
erator then operates the calling device once,
in the usnal manner, for each digit of the
desired number to wmplete the connection.,
After the desived connection is established
the key K’ is thrown in the opposite direc-
tion, and the line conductors of the substa-
fion. A are extended to the trunk condue-
fors 51 and 52, When the sabscriber at sub-
station Al restores his receiver ou the ter-
mination of the connection, the civeuit
through the connector line relay is m()l(n
ag mp](xmed in connection with substatic
A, and the central office switehing lq)p(nm

tus iy restoved in fhe usual manner, Also,
\\]wn this oc cars the ¢ ircuit through the su-

pervisery vefay 21 is brolken and the opera-
for is given a disconnect signal. Tt-should
also be pointed out that the Substation A. by
wennis of the cord ), may hecome a ey gular
substation of the main attomatic exc hange,
This is sometimes desivable, as &t night
For instance, the trunk-line may be piugpyd
in and ‘111 i

en the substation A
wmils are received at th

>!\<)
mn lw niade
when the

to the main exchange:

DUPEL,

“reluy
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line is nmot in use the supervisory relay 21
would be in n dednergized position, and the
signal lamp 23 would glow continuously,
but to meet this condition the night switch
M is provided, whereby the cround at the
jack may be cut off from the SUPErIVEoLY
armature 33, When a eall comes in
over the trunk-line for a subscriber at the
branch exchange an energizing circuib is

closed through “the trunk line 101(1”\ 2i2 -
clnding in series the ringing current gener-

ator of the calling ()Mlmi(u‘ The Tine re-

Ty 212, upon energizing, closes a clrenit
through the signal lnmp 213, Tne operator
vesponds hy inserting the plug p into the
i’ amde-line jack ,". and opon Iounnm that
substation A%, for example, 1f wanted in-

se;ts the plug » into the Jack 7 7 and throws
the key K7 to the position shown. This op-
eration extends the trunk-line conductors 51
and 52 to the line conductors of the substa-

tion A2 The substation A?* then receives
vinging current direct from the conuector

of the automatic exchange. When the sub-
seriber at substation A? answers, the back-
biidge 1'0]‘1\' of the connector energizes and
breaks the energizing circuit for the ringer
relay in the same manner as when an ito-
matic substation is called.

The cord cirenit C may also be used to com-
plote connection Letween the lines of two
joenl private branch exchange subscribers.
Suvpose that a loeal subseriber A desires
conmnection with another local subscriber at
substation A% The p]no p is inserted in the
jack 72 and the p]ug o’ 1n the jack 7. The
keys K and I lLlll‘l'ID in nmnml position
hnmo conver satlon; the substation A*is pro-
ndorl with talling l)m"w current through
the windings of the supervisory relay 21, and
through the winding of the supervisory. re-
fay 29 the substation A* receives similar cur-
rent. These two relays energize and attract
their respective armatures, but when either
subseriber restores his receiver the corre-
sponding supervisory relay deénergizes and
perinils 1tx armature to engmv its contact
point, thereby closing a crenit through the
:-<l.||)m'\"|sm'y lamp.  This civenit extends
from ground at the juek over the third con-

ductor to the relay arnature and contact
point, throuel the supervisory lamyp to the
!nm'x\ B and to ground G, The operator

sconnect =ignal and

eiven the dis
the plugs from the

renioves

is thereby
acceordingly
Jaeks, ’

fn the foregoing it has been shown how
my improved cord eirenit may he used in
extending a connection from an antomatic
substation and from a manuad substation of
the private hraneh exchange to a sibseriber
of the main automatic exchange: wlso how
i stbseriber of the antomatic exehange may
eall and receive connection with a subseriber
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of the branch exchange. Furthermore, any
two subscribers’ stations of the branch ex
change may be connected by the cord O in
the ustal way. -When the cord i 15 used in w
trunk-line connection the trunk key K i
thrown to the position indicated, ana the
relay 21 controls the cirenit of the super-

visory lamp 23, ‘he supervisovy relay 22
being dlsconnectad from the ecircuit v’mg
‘*he ke\f K’ is thus thrown, The key ¥ is

i<
3ie

sed only when the cord is nsed in a t
connectlon the key X being the usual ring-
ing and listent ing key., Thus it will be seen
that the cord cirenit € is not limited to
service in one class of mmnect:(mj but is a
combination cord, and admits of use both
in local commections and in trunk connec-
tions, which latier may, moregver, be either
incoming or cutgoing.

The cord cireuit € is, therefore, of wmi-
versal utility, being adapted for use in
trunking elthﬂr ’crom or to the main ex-
change, “and being also adaptcd for conne

ing any two subscribers of the branch ex-
chdnoe. There 18 ample supu"'mm\ at alt
. ilmes regardless of the character of the con-

=3
[~

i
<o

s
[

58

&5

Yne—that 1s to say,

'uec ion over the fr n’ Jine in one di

nection. The supervision is double in
local connections—that is to say, there is
both front and back super visipn—while
Lalis from the main to the branch exchange,
or from the branch to the ma in exch
theye is smvle sui,ervmon only.

P
it will be seen that this cord

adapted to operate in con]mmwx with n
two-wire telephone systemn—thal 1s to say. a

system of the kind shown in whieh no op-
erating grounds. are €*npl(,W at the sub-

Tn

suahona. and in which the antumatic switches
of the exchunge are, therefore, controlle:
the suba(‘ dbers over complete mevallic
cirenits. Again, it will be seew me
trunk-Hue exteading between ,
and main exchanges 1S a fw)—um
one adapted

1

i etther divectiom. The cord ¢
plained, is ada ted fo serve noconjt
with m two-way i:un"—nna Tm mtmumsg

cmimﬂ connectio
What T elain: as s
1. Tnon teleph :
line. o spring i
line, an
4)1110 for by

oone end r.>'f s:zi{i b
v provided

ot

an aut <)mux‘ 8 sw'.{(-n
end of said !ﬂh‘r—'i ne fo extend connection
over Uw ame in the opposite

means 1n said covd civenit for supervising
connertions, :th\l anuthier  aufe )h‘:l{z«.f
switeh controlled over the two sides of said
cord clrenit in series f Ve connes-
tion from one enid

9, Ina telent

Liope
line. a spring

the

ack for one end of

&

an eperator’s cord prov ided with a plog
ertion in smd iack to extend connec-
tion over the frunk-fine m one direetion, an
automatic switch seizing tho other end
of sald fr ml\ ne to “\nmd connection over
spxe in the opp : direction, another
atie switeh for ext fending connection
1 onie end of said fnmh ling, and means
which a eal ubscriber may control
1:5 BTG auntomatic switch after
the said plug has been inserted in said jack.
lephone s

O

—

5. In a te ey, telephones, a
two-conductor line nuhvlc‘q 2] to each tele-
phone, a  wo trunk - Hine, a mnon-
ntimerical tru witeh for extending

1 of said {‘.1‘1‘111».—}1113,
tion fo or from
the other om{ ui snid trimk-line, and means
by which a ealling subscriber controls said

swriteh over two sides of the line cirenit in

connertion fro
,Y!;)A;{\O 1()1' x)_‘

SeTIeS.
4. In a telephone nystem, 'L\!o‘pho.'ms', 8
two-conduetor line individual to each tele-

41‘1“1‘ ine

,u‘\)

plione, a two-w an automatic
switeh allotted to oue (‘hd said trunk-line
for ex Leuldhw connection mﬂm'f"\,nu means
by which a cal L viber controls said
swihxh over o sides of the line cireuit 1n
i - extending connection
1of mm trunk-line.
tews, telephoues, a
,L.‘ﬂ ’ro .:nch tele-
Mmm a two-wny feunk-line, an automatie
switch for : and thereby extending =
eall aver said tr nnk-line in one diveetion. an-
other ant: tie switeh for ex
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st

the tromi-ine m ihe oppos direc-
i dich enlling subseribers
¢ switches over two

cuitg in series

fna if\’mi 0TI HYE “.n, suhscnu'nrk’ line

civenits including a pair of talking condue-
fwo-way ik line, antomatic

hes, wenns by which calling sithseribers
snid switches ever said .,a]l:ing con-

wiors I series te fl calle over said
ank line ticopposite dir ctions, and a 1woy
vocowd elrenlt adapied for use in ealling

i lrunk line.
ten, s gubgeribers’ 1
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Gyer
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for
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line, a jack for the other end of said trunk-
line, subseribers’ lines, and a two-strand cord
cirenit for extending connection from a sub-
seriber’s line to said trunk-line, or vice versa,
depending upon the dirvection of the call,
one of said switches controlled over the two
sides of said cord civeuit in series. :

9. In a telephone system, a two-way
trunk-line, automatic devices for extending
connection to or from one end of said trunk-
line, a spring jack for the other end of said
trunk-line, subscribers’ lines, a cord cireuit
adapted for connecting together any two of
said subscribers’ lines; means for adapting
the said cord circuit for use in connecting
a subscriber’s line with the said trunk-line,
and a supervisory signal for the cord circuit
controlled by the calling subscriber.

10. In a telephone system, a two-way
trunk-line, an automatic switch for extend-
ing connection from one end of said trunk-

‘line, another automatic switch for extending
connection to the same end of said trunk- -
line, a spring jack for the other end of said -

trunk-line, a line signal associated with said
spring jack, subscribers’ lines terminating at
a manual switchboard, an impulse sender or
calling device for the substation of at least

one of said subscribers’ lines; an operator’s’

cord circuit for connecting together any two
of said subscribers’ lines, means by which
the operator adapts the said cord eircuit for

uge in extending connection from: the line

having the calling device to the trunk-line,
said cord circuit being two-way to extend
connection either to or from the trunk-line,
and means whereby both front and back
supervision is given the operator at the said
cord circuit. ’ )

11. In a telephone system, a subscriber’s
Iine including a pair of talking conductors,
an operator’s cord cireuit, an automatic
switch, means for connecting said cord cir-
cenit with said switch, and mean% by which
a calling subscriber controls the said auto-
matic switch over said talking conductors
and the two talking strands of said cord
circuit in series.

12. Tn a telephone system, a subscriber’s
line civeuit including a pair of talking con-
ductors, a teunk line extending from-one. ex-
change to another, means for establishing a
connection between said line cireuit and said
trunk line, an automatic switch at one end
of said trunk line, and means by which a
alling subscriber controls said switeh over
o cirenit including the two talking conduc-
tors of both the subscriber’s line and saild
trunk lne in series.

13, In a teleplone system, a metallic line
hange to another, means for establishing a

tion Letween said Hne cireait and said
trvmde-ling, wn auntomatic switch at one end

eivetit, o trunk-line extending from one ex-
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of said trunk-line, and means for controlling

‘said switch over the metallic circuit includ-

ing the two sides of said trunk-line in series.

14. In a telephone system, a metallic line
circuit, an automatic switch, a manual
switchboard operator’s cord cireuit provided
with two parallel talking strands, and means
for controlling said automatic switch over
the metallic cireutt including said talking
strands in series. °

15. In a telephone system, a line circuit
having two individual talking conductors,
a trunk-line; another trunk-line, a non-nu-
merical trunking switch for automatically
connecting one trunk-line with the other,
and means comprising a relay individual to
the switch for controlling said switch over
the talking conductors'in series.

16. In a telephone system, line cireuits

each Including & pair of talking conductors,
a trunk-line, an -automatic switch for seiz-
ing said trunk-line, another trunk-line, a
non-numerical ‘tranking switch for auto-
matically- connecting the first trunk-line
with the second trunk-line, and means for
controlling said switches over line circuits
each including a pair of said talking con-

~ductors in geries.

17. The combination, in a semi-automatic
telephone exchange trunking system, of se-
lectors and connectors responsive to a call-
ing subscriber, and means by which an op-
erator connects a selector with the line of
the calling subscriber-before the call can be
extended in the direction of the called sub-
scriber, a line relay for each selector and
connector, each line’relay being energized
over two sides of the calling line in series.

18. The -combination, in a telephone ex-
change system, of a plurality of subscriber’s
lines, a number of first selector switches less
than the number of subscribers’ lines, a
trunk, means manually controlled for con-
necting said trunk to any of said selectors
and to any calling line, whereby such said
first selector switch is brought into connec-
tion with any calling line, together with
means whereby the said selector switch may

then be contrelled by the subscribers to select
the line wanted whereby a talking circuit
"may be set up between the calling and the

wanted lines, said talking circait in¢luding

conductors in both sides of the calling line,

and to restore the switches after use, and

signal devices connected with the manual.

portion of the apparatus to indicate to the
operators the necessity for connection and
disconnection, each selector having a line
relay energized over said talking conductors
in said both sides of the calling line in series,
substantially as described.

19. The combination, in a telephone ex-
change syster, of a plurality of subscriliors’
lines, & number of first selector switches less
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than the number of subscribers’ lines, means
including operators’ cord cireuits for con-
necting said first selector switches with the
calling lines, each of said cord circuits com-
mon to said selectors for connecting any line
with any selector together with sending. de-

. vices at the substations, and responsive de-
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vices at the central station whereby the said
selector switches may then be controlled by
the subscribers. to select the lines wanted to
establish a talking circuit that includes a
conductor in each side of the calling line,
and to restors the switches after use, line-
annunciators and clearing-out arnunciators
connected with the lines and cords, respec-
tively, to indicate to the operators the desirve
of the respective subscribers for connection
and disconnection, each selector having a line
relay energized over said talking conductors
in said both sides of the cailing line in series,
substantially as described.

20. In » telephone system, an automatic
switch for finding the called line, means in-
cluding operator controlled connections for
connecting said switch, and a.line relay for
said switch energized over the two sides of
the calling line in series to control the opera-

‘tion of said switch to set up a talking circuit

over said two sides, said operator’s connee-
tion normally disconnected from said relay.

91. In & telephone system, trunks divided
into groups, a switch for antomatically se-
lecting an idle trunk
group, means whereby an operator connects
the said switch with a calling line, and a Iine
relay individual to each switch whereby the
calling subscriber. then controls the said
switeh, said relay energized over said two
sides of the calling line in series, said line
relay normally disconnected from said opera-
tor’s means.

22, In 4 telephone system, subscribers’
lines divided into groups, an automatic
switeh for epabling a calling subscriber to
find any certain line in any predetermined
aroup, means including operator-controlled
connections for extending connections from
the calling line to said switch, and « line re-
lay individual to said switch to set up a talk-
ing civenit over two sides of the calling line
whereby said calling subscriber controls the
said switeh, said velay energized over the two
sides of the ealling line in series, said line
relay normally disconnected from said opera-
tor's controlled connection.

23, Tn a telephone systém, an automatic
switch for finding the calied line. means in-
cIuding operator-controlled connections for
extending connections from the calling line
to said switeh, a line relay individual to said
switch whereby the calling subseriber then
controls the said switeh to set up a talking
cirenit over two sides of the ealling line,

in

i

a predetermined

said relay energized over said two sides of
the calling line in series, and means where-
by the calling subscriber signals the operator
for disconnection, said line relay normally
disconnected from said operator’s controlled
connection.

24, In a teléphone system, trunks divided
into groups, a switch for automatically se-
lecting an idle trunk in a predetermined
group, a line leading to said switch, means
whereby an operator connects the said line
with a calling line, means whereby the call-
ing subscriber then controls the said switch
over the two sides of said first line in series
to set up a talking circuit over the said two
sides of the calling line, said relay normally
disconnected from said operator’s means, and
means whereby the calling subscriber signals
the operator for disconnection.

95. In a telephone system, subscribers’
lines divided inte groups, an automatic
switch for enabling a calling subscriber to
find any certain line in any predetermined
group, means including operator-controlled
connections for extending connections from
the calling line to said switch, a line velay
whereby the calling subscriber controls the
said switch to set up a talking circuit over
two sides of the zalling line, said relay ener-
gized over the said two sides of the calling
line in series, said relay being normally dis-
connected from said operator-controlled con-
nections, and means whereby the calling sub-
seriber signals the operator for’ disconnec-
tion. . .

26, In 2 telephone system, an automatic
switch for finding the called line, ineans in-
cluding operator-controlled connections for

extending connections from the calling line’

tc said switch, means whereby the calling
subscriber then controls the said switch over
the two sides of the calling line in series, and
supervisory relay mechanism whereby the
called subscriber -signals the operator for
disconnection. .

97. In a telephone system, trunks divided

into groups, a switch for automatically se-
Jecting an idle trunk in a predetermined

group, means whereby an operator connects
the said switeh with a calling line, means
whereby the calling subscriber then controls
the said switch over the two sides of the call-
ing line in series, and - ipervisory relay
mechanism whereby the called -subseriber
signals the operator for disconnection.

28. In a telephone sysie;m, subsecribers’

lines divided into groups, an automatic !

switch for enabling a calling subscriber to
find any certain line in afty predetermined
group, means including operator-controlled
connections for extending connections from
the ealling line to said switch, means where-
by the calling subscriber c‘r)ntrols the said
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,sm‘ch over the two sides of the ealling line .

in series, and supervisory relay miee Tanisn
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whereby the called subseriber siginals the
operator for disconnection,

29, Tn a telephone system, a plurality of
first selectors, each adapted to operate in
accordance with the first digit of the called
number, a switeh for automatically selecting
idle first selectors, a manual switchbonrd
whereby an operator connects the said
switch and the automutically selected idle
first selector with the line of the calling
subseriber, and means whereby the 1]lm0
subscriber controly rhe said selector over the
two sides of the calling line in series.

30. In a teleplhone system, an operator’s
cord cirenit, an automatie switch, a line relay
normally disconuected from said cord civeuit
individual to said switel for controlling the
switch whereby a talking circuit may be set
up therethrough and over conductors in the
two sides of the cord circuif and an encr-
@izing cirenit for said relay which includes
the said two sides of a cord cireuit in series.

31. In a telephone system, a main ex-
change and a branch exchange, a cord cirenit
at said branch exchange ior use in extending
a connection between subseribers of said
branch exchange, or between sald branch
exchange and said main n\chfmfre front and
back supervisory signals for s.nd cord, and
means for renderm;{ said back supervisory
signal inoperative when a call goes in from
the br wnch excliinge to the main exchange.

32. In a telephone system, a main ex-

change and a branch exchange, a ecord circuit--

ab said branch exchange for use in extend-
ing connection between subscribers of said
branéh exchange, or between said branch
(l\change and said main exchange, means for
giving double supuvmon of calls when said
cord is used for (‘H\dl)ll\hll\“’ 4 connection
between subsceribers of said branch exchange,
or for extending counection from said main
exchange to said branch exchange, and
EICRIY 101 giving single supervision when
said cord is used for oxtcn(hng a connection
from said branch exchuange to said muin ex-
change.

33. In a telephone gystem, a main ex-
change and a branch exchange, a cord civeuit
for use in establishing a connection between
subscribers of said branch exchange, or for
xtending a connection between said branch
exchange and said main exchange, front and
back supervisory signals for snid cord cir-
cait, an 1mpulse transmitting device, anto-
matic switches at the central office controlled
thereby, an operator’s key, and. means con-
trolled by said key for connecting the oper-
ator’s impulse-transmitting device with said
cord, and for disconnecting one of said su-
pervisory signals from said cord.

“line eivenit in series, and means for

34 In a telephone systeny, a branch ex-
change and a main exchange, a cord cireuit 65
at said braneh exchange, a supervisory relay -
normally bridged aeross suid cord, a super-
visory signal “controlled by said 1'@1‘1\, an
operator’s key, an impulse- tuumwttmﬂ de-
viee, hleans contm]]od by said key for dis- 70
connecting said relay from said cord and for
connecting sald impulse-transmitting device
with said “eord to transmit nnpulsos. and an
antomatic switehh controlled by said im-
philses. . - 75

I a telephone system, a calling and
a called subscriber’s Hne, means including
an operator’s cord circuit and an automatic
switch for extending a connection between
sald lines. means for connecting one end of 80
said cord with said calling subseriber’s line
and the other end with said automatic
switch, a pair of condensers in tl . two sides
of said cord, theleby preventing direct con-
nection between said subscribers’ lines and 85
said automatic switch, a kev for short-ecir-
cuiting said condensers so as to establish a
direct connection between said subseriber’s
line and said switch. a supvr\'ison relay,
and means controlled by said kev switch 90
for rendering said supervisory 101.15' inoper-
ative.

36. In a telephone system, telephones, a
two-conductor line individual to each tele-
phone, a two-way truank-line, an automatic 95
switeh allotted to one end of said trunk line
for extending connection therefrom compris-
ing a central battery common to the lines,
means by which a calling subseriber initially
controls said switch over two sides of the 100

ing connection to or from the_other end of
said trunk line.

37 Tn a telephone system, tclephnr*w a
two-conductor line individual to each tele- 105
phone, a two-way trunk line. an autonutic
switch allotted to oue end of said trunk line
forr extending connection thereirom com-
pris sing a central battery common to thé
lines, means by whun ac d!mg subscriber 119
m}tnlh controls smd i over two sides
of the line cireuit in series, and means for
extending connection to or from the other
end of said trunk hind, said gswitch respon-
sive to the elosure of a bridge circuit across 115
ﬂw trunk. Jine. .

38. In a ‘telephone sytem, a trunk line
tmmmatmv at one "nd i & manual con-
neetive terminal and provided at the other
end with {wo br .m(:{xes, wer'minating, re- 120
spectively, in fixed and movable contacts in
numerical  and  non-numerical automatic
trunking  switches, means including said
terniial and the said non-numerical switch
for extending calls over said trunk line in 125
one direction, and means including said
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numerical switch and said termiuval for ex-

tending calls over said frunk line in the op-

posite direction.

39, In a telephone system, a trunk line
terminating at one end in & spring jack,
means including said jack and an avtomatic
switch at the other end of said trunk line
controllable thereover for extending calls
over said trun' line in one direction, and
means including a second automatic switelh
operable to seize said trunk line at one end
and the said jack at the other end of suid
trunk line for extending calls theveover in
the opposite direction, other autematic
switches associated with said first automatic
switch in o group, trunk lines acc ible to
said group of switches, and a master switeh
common to the switehes of said group tor se-
lecting an idle trunk for calis 1n said firsi
direction. :

40. In .a

telephone system, a truak line

" terminating at one end 1n & spring jack and
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for extending calls over said trunk Boeinone
“direction, means including

provided at the other end with two branches,
terminating, respectively, in fixed and maov-
able contacts in numerical and non-nimeri-
eal automatic trunking switches, means -
cluding said jack and the said non-nuwerical
switch for extending eulls over said trunk
line in one direction, and mieans including
said numerical switeh and sdid jack for ex-
tending calls over saic
posite direction. : :

41, Ty a telephone system, a trunk line
terminating at one end in's mantal connec-
tive terminal and provided at the other end
with two branches, terminating, respec-
tively, in fixed and mo rable contacts in
numerical and non-numerieal automatic
trunking switches, mbeans including said
terminal and the said nou-numerical switch

entd mmerieal

switeh and said terminal forextending calls
over said trunk line in the opposite divection,
and a cirenit for making said trupk lne
busy to said mumerical switels whenever the
caid non-numerical switeh is operated. =
49, In o telephone system, w trunke line
terminating at one end in & mantal connec:
five terminal and provided at the other eud
with two branches, terminating, respe
in fixed and movable contacts o nw
and non-numerical automatic o
switches, means including said terminal atiel
the said non-nummerical switeh for extending
calls over said trunk line in one divection,
means including said numerical switch and
said terminal for extending calls over said
tyunk line in the opposite direction, anc
means ncluding a velay for rendering said
non-numerical switch inoperative whenever
said trunk line is seized by said nwmerieal
gwitelh. : '
43, In o telephone system, & frunk

fine

! trunk line in the op-.

terminating at one end in & spring jack,
means including said jack and an automatic
switch at the other end of said trunk line
controlluble thereover for extending calls
over said frunk line in one direction, means
ineluding a second automatic switeh to seize
said trunk lne at one end and the said jack
ab the other end of said trunk line for ex-
tending ealis thereover in the opposite direc-
tion, and a cirenit for making said trunk line
busy to said second switch whenaver the said

first switch is operated, other automatic
switches associated with said fivst automatic

switch in a group, trunk lines accessible to
said group of switches, and a master switch
common to the switches of said group for
selecting an idle trunk for calls n said first
divection. '

44, In = telephone system, a trunk line
svminating at one end in a spring jack, means
intluding said jack and an automatic switeh
i

%

e g

v the other end of said trunk line con-

s

4

ollable thereover for extending calls over
said trunk line in one direction, means in-
cluding a second automatic switch operable
to seize said trunk line at one end and the
said jack at the other end of said trunk line
for extending calls thereover in the opposite
divection, and means for-rendering said frst
switeh inoperative whenever said trunk line
is seized by said second switeh, other auto-
matic switches associated with said first
sulomatie switch in a group, trunk lines
accessible to said group of switches and a
waster switeh common to the switches of
said group for selecting an idle trunk for
callg in said first dirvection. o

45. In a telephone system, a trunk line
terminating at one end in a spring jack and
provided at the other end with two branches,
{erminating, respectively, in fixed and mov-
able contacts in mumerical and non-numeri-

-

eal automatic {runking switches; means n-
IV ]
ling

clu caid jack and the said non-numerical

‘or extending calls over said trunk
Tine in one direction, means including said
nunierical switeh and said juck for extend-
ing enlls over said frunk Ime in the oppo-
site divection, and a civenit for making said
trunk line busy to said numerical switch
whewever the said non-numerical switch is
operated.

46. ¥Tn a telephone system, 2 tronk  line
terminating atb one end in a spring jack and
provided at the other end with two branches,
terminating, respectively, in fixed and mov-
able contacts in numerical and non-numeri-
«a] automatic trunking switches, means in-
cluding said jack and the said non-numeri-
eal switeh for extending calls over said
srunk lne in one direction, means including
snid nmmnerical switch and said jack for
ealls over said trunk line in the
irection, and means including &
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relay for rendering said non-numerical
switch inoperative whenever said trunk line
is seized by said numerical switch.

47. In a telephone system, a line circuit,
a link circuit to connect therewith, a pair
of condensers in said link circuit, a relay
having a winding bridged around each of
said condensers, a supervisory signal, means
for displaying said signal when said link
and line circuits are connected, and means
for rendering said signal inoperative when
said relay is energized.

48. In a telephone system, a trunk line,
an operator’s call signal at one end thereof,
means. at the other end of said trunk for
supplying ringing current, means whereby
said signal 1s responsive to the flow of
tTinging current over the trunk, and elec-
trically controlled means for ealling and
releasing automatically over cireuits cach of
which meludes a portion of one side of the
trunk Iine i series with a portion of the
other side thereof,

In a telephone system, lines, nwmeri-
eal trunk selecting switches, impulse send-
ing means for said lines, and an operator’s
trunk civeuit in combination with non-nu-
merieal trunk selecting switching means for
connecting any one of said lines with any
one of said numerical trunk selectorvs,
whereby the connected selector may be oper-
ated from the connected line.

50. Inm a telephone system, lines, numeri-
cal trunk selécting switches. an operator’s
trunk cireuit in combination with non-na-
merical {rank selecting switching means for
connecting any one of said lines. with any
one of said numerical trunk selectors, and
means controlled from the line for releasing
the numerical switeh after 1t has been oper-
ated.

51. In a telephone system, lines, numeri-
cal trunk selecting switches, nnpulso send-
ing means for said lines, an 01)01 ator’s frunk
cireuit in combination with fon-munerical
trunk selecting switching means for con-
necting any one of said lines with any one
of suid numerical trunk selectors, whereby
the connected selector may be oper ated from
the connected tines, and means controlled
from the line for releasing the numerical
switel 4‘“01 1t has been oper rated.

52. In a telephone system, lines, numeri-
al trunk selecting switches, impulse send-
ing means for said lines, an operator’s trunk
civetit in combination with non-numerical
trunk selecting switching means for connect-
ing any one of said hms with any one of

said nomerical trunk selectors, whereby the
connected selector may be operated from the
connected line, and signal devices connected
with the manual portion of the apparatus to
indicate to an operator the necessity for con-
nection and disconnection.
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53. In a telephone system, lines, nuneri-

cal trunk selecting switches. an operator’s
trunk civeuit in combination with non-nu-
merical trunk selecting switching means for
connecting any one of said lines with any
one of said numerical trunk selectors. nieaus
controlled from the line for releasing the
numerical switch after it has been operated,
and signal devices connected with the man-
ual portion of the apparatus to indicate to
an operator the necessity for connection and
disconnection,

G4 In a telephone system, lines, numeri-
cal trunk selecting switches, im] mlsv send -
ing means for sid lines, an oper mn s trunk
¢ireuit in combination with non-nmnerical
trunk selecting switehing means for connect-
ing any one of said lines with any oue of
said numerical trank selectors, wheveby the
connected selector may he operated from the
connected line, means controlled from the
Hine for 1(\1(-<1smu the numerieal switeh after
it has been operated, and siotialing devices
connected with the manual portion of the
apparatus to indicate to an operatoi the ne-
cessity for connection and disconnection.

55. In a telephone system, lines, m‘mm!-
cal trunk selecting switches, 1mpnl\c send-
ing means for said lines, and an operator’s
trunk circuit in combination with non-nu-
merical trunk selecting switching means for
connecting any one of said lines with any
one of said numerical trunk selectors, where-
by the connected selector may be opomted
h‘om the connected line to establish a talk-
ing cireuit from the counected line to an-
other hine.

5G. In .a tdephom system, lines, numeri-

cal trunk seleeting switches, mlpn]se sending

means for said lnles, an operator’s trunk cir-
cuit in combination with non - numerical
trunk selecting switching means for con-
necting any one of said ]mos with. any one
of said numerieal trunk selectors, wherehy
the connected selector may be operated from
the connected line to establish n talking cip-
cuit from the connected line 1o another line,
and means controlled from the counceted
line for releasing the numerical switeh aftor
it has been *opemted '

57 In a telephone systemn. lines, numert-
cal trunk selecting switches, impulse send-
ing means for said lines, an operator’s v unk
(‘nuut in combination with non-numerical
trunk selecting switching means for con-
necting any one of said lines with any one
of said numerical trunk selectors, wher eby
the connected selector may be operated from
the connected line to establish a talking cir-
cuit from the connected. line to ﬂnother line,
the connected selector being controlled 0\’er
two sides of the talking cireuit in' series.

53. In a telephone system, lines, numeri-
cal trunk selecting switches, mmpnlse send-
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ing means for said lines, an operator’s trunk
circuit in combination with non-numerieal
trunk selecting switching means for connect.
ing any one of said lines with any one, of
sald numeriesl trunk selectors, whereby the
connected selector may be operated from the
connected line to establish 5 talking circuit
from the connected line to another line, and
means controlled from the connected line for

10 releasing the numerical switch after it has

13

been operated, the connected selector being
controlled over the two sides of the talking
circuit in series.

Signed by me at Chicago, Cook
IHlinois, this 20 day of J uly, 1908,

ARTHUR B. SPERRY.

county,

Witnesses:
Erner, A, Epcrrr,
Epwarp D. Farws.



