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UNITED STATES PATENT OFFICE.

EDWARD D. FALES, OF LA GRANGE, ILLINOIS, ASSIGNOR TO AUTGMATIC ELECTRIC
' COMPANY, OF CHICAGO,,ILLINOIS, A CORPORATION OF ILLINOIS.

I TWO-WIRE AUTOMATIC AND MANUAL TELEPHONE-EXCHANGE TRUNKING SYBTEM.

1,270,277. Specification of Letters Patent. Patented June 25, 1918,
Application filed March 17, 1910, Serial No. 549,816. Renewed Hovember 10, 1917%7. 'Eerial No. 201,397,

Zo all whom it may concern: .

Be it known that I, Epwarp D. FaLEs, a
citizen of the United States of America, and
resident of La Grange, Cook county, 1lli-
nois, have invented a certain new and useful
Improvement in Two-Wire Automatic and
Manual Telephone-Exchange Trunking Sys-
tems, of which the following is a specifica-
tion. |

My invention relates to telephone ex-

change systems in general, but more particu-

larly to automatic or semi-automatic tele-

phone exchange systems of that kind 1n
which automatic switches are used between
calling and called subscribers, and 1in which
provision is made for controlling said
switches over the two sides of the calling
line in seiies, whereby no operating grounds
are necessary at the substations.

Systems of this kind are commonly known
as two-wire systems, as distinguished from
the other kind of system 1n which the auto-
matic switches are controlled by grounding
first one side of the line and then the other
at the calling substation, which latter 1s
commonly known as a three-wire system,
the ground or common return between the
substations and the exchange being re-
garded as a third wire, whereas in a two-
wire system, such as hereinafter described,
the automatic switches at the exchange or
central station are  controlled without
grounding the subscribers’ lines.

In a two-wire system of this kind it often

becomes necessary, especially in large cities

where there are several exchanges, to trans-

mit the call, for at least part of the way,
through the medium of manual apparatus,

and to provide means whereby an auto-
matic subscriber may call a manual sub-

seriber, or a manual subscriber may call an

automatic subscriber, and it i1s always de-
sirable, of course, to make adequate provi-
sion, as far as possible, for all of the differ-
ent kinds of connections that may be found
necessary in a complex system of this kind

in as convenient and efficient a manner as

~ possible, and in a way that will insure good

‘;5

telephone service for all of the subseribers

thereof.
. The object of my invention is, therefore,

the provision of an improved construction

and arrangement whereby certain calling
connections heretofore considered impossi-

ble in a two-wire system are now madeé prac-

- ticable, and whereby each subscribér, not-

withstanding the many different kinds of
apparatus employed, may converse with any
other subscriber of the system, as will here-

inafter more fully appear. 60

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

In the accompanying drawings Figure 1
is a diagrammatic representation of the auto- 68
matic section of a combined manual and
automatic office, in a system embodying the
principles of my invention.

Fig. 2 is a similar view of the manual sec-
tion of the same office. | 70
Fig. 3 1s a similar view of a distant man-

ual office. |

‘The drawings should be read with Fig. 2
to the left of Fig. 1, and with Fig. 3 above .
Fig. 2, this giving an idea of the whole sys- 78
tem.. | ..

Figs. 4 and 5 illustrate diagrammatically
the apparatus by means of which a sub-
scriber of the automatic section of exchange

‘may establish connection with another au- 80

tomatic subscriber of the same section, the
lines of both of which subscribers termi-
nate directly in the same exchange.

Fig. 6 is a diagram of a repeater involved
in said system. - :

Figs. 7 and 8 are similar illustrations. of
apparatus used in connection with an auto-
matic district office, in which district office
the subscribers, in calling each other, do not
monopolize any of the trunk lines running 80
to the main office while maintaining a talk-
ing connection. | ,

Fig. 9 is a similar view of private branch
exchange apparatus associated with the auto-
matic section of the combined manual and 9&
automatic office. - -

Fig. 10 is a similar view of a different
type of private branch exchange connected
with the same automatic section. .

Fig. 11 1s a similar view of a line equip- 100
ment of the said system, said equipment
adapted - for semi-automatic use, together
with a rotary connéctor. |

Fig. 12 is a similar illustration of manual

-

~ and semi-automatic equipment. 105

Fig. 12 is a modification of a portion of
Fig. 12. -
Fig. 13 1s a similar view of a B-cord
equipped with a calling device. S
Fig. 14 is a similar view of subscribers’. ¢ -
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~trol and operate the springs 6,

556

60

65 1906. This line switch C together with

equipment and central office apparatus for
signaling an operator, and by which the
subscribers are called, used in connection
with the district subscribers. (See Fig. 3).
Figs. 15 and 16 are similar illustrations
of automatic apparatus used between A and
B operators.
Fig. 17 1s a similar view of an automatic
switch known as the rotary connector.
Referring more in detail to ¥ig. 1, if the
subscriber A, whose line terminates in the
central office containing the automatic sec-
tion, wishes to call subseriber A’, similarly
situated in the system, and whose number
1t will be assumed 1s 2320, the subscriber A
removes his receiver and thereby operates
his line switch C to establish connection
with an idle first selector D). The first
selector 1s then operated to raise its shaft
two steps and rotate it until connection 1s
made with an idle second selector E 1n the
second thousand. The second selector K is
then operated to raise its shaft three steps
and rotate it until connection is established
with an idle connector F, which connector
1s finally operated in accordance with the
Iast two digits of the desired number, thus
completing the connection if the desired
subscriber is idle. Of course, if the sub-
scriber should be busy the calling subseriber
will be given the busy signal. Tn that case
(and also in the event that connection bas
been made and the calling subscriber is
through), upon hanging up his receiver the
calling subscriber releases all of the ap-
paratus brought into use. To explain still
more in detall this operation of the sub-
scriber A calling the subscriber F#2320,
reference is made to Figs. 4 and 5. It will
be understood that the subscriber A, heing
an automatic subscriber, is provided with a
suttable dial such as that shown in the ar-
ticle appearing in the Western Electvician
of Chicago, Illinois, of January 11, 18 and
25, 1908. As 1s well known, this dial con-
trols a smitable 1impulse wheel 2, which in
turn, through the medium of a set of teeth
3 provided on its periphery, controls and
operates the so-called nnpulse strings 4 and
5. This telephone is, of course, provided
with the usual switch hook and receiver.
The switéhh hpok i1s shown adapted to con-
| !7 and 8. In
addition, the telephone has the usual trans-
mitter 9 and ringer 10 which is con-
nected in series with a condenser 11. The
subscriber A is also, as shown, provided
with the line switch C to which reference
has already been made in connection with

Fig. 1, which line switch is of the general

character described in the publication here-
inabove referred to, and also of {he general
character of similar apparatus shown and
described 1n British Patent No. 26.301 of

1,270,277

other line switches of the same group
(usually one hundred in number) are con-
trolled by the master switch H. The fune-
tion of this master switch is to alwavs main-
tain the line switeh . while idle. opposite
an idle hne whielr may be used by the sub-
seriber A as soon as he removes his receiver
without having to wait for a selector, This

trunk line, of conrse, terminates in n selector

switch such as the selector switeh D, to
which reference has already been made.
The master switch T is also of the general
character as that described in the Westeran
Lilectrician and the British patent hercin-
above referred to. Having decided 1o call
the subscriber #2320, the subseriber A re-
moves his receiver 12, thereby permitting
the switch hook 13 to rise. which in turn
permits the springs 6 and 7 {o separate.
thereby disconnecting the ringer 10 from
the ciremnt, the spring 7 finally engaging the
spring 8, thus closing the two sides of the
lines 14 and 15 (known, respectively, as the
positive and negative sides) through the
transinitter 9 and the impulse springs 4 and
b at the telephone.  The closure of this cir-
cail. causes a flow of current through the
hne winding 16 of the line switeh C. The
path of the current may be traced from
ground (1" through the springs 17 and 18
of the line switeh € to the positive con-
ductor 14, thenee to the springs 7 and §
at the telephone and through the impulse
springs 4 and 5, receiver 12, transmitter 9.
negative conductor 15, springs 19 and 20
and the winding 16 to the battery lead 21,
thence through battery B to ‘ground G.
This flow of current causes the line winding
16 to attract the armature 22 of the line
switch C, with the result that the spring
23 1s pressed onto the spring 17, whereby
an_energizing cirenit is closed through the
pull-in winding 24 and through the aux-
iliary winding 25, thence through conductor
26, contact 27 and armature 28 to the bat-
tery lead 21, thence through battery B to
ground . The pall-in winding 24 heing
thus energized attracts the plunger arma-
ture 29, whieh then causes the plunger o
press the springs 30 and 31, springs 32 and
33, springs 34 and 35 and the springs 36
and 37 mto contact,  Af the same time the
winding 24 pulls the so-called bridge-cut-off
armature 38 down, which in turn acts npon
the springs 18 and 19 to separate them from
the springs 17 and 20, respectively, carrying
the spring 19 into engagement with the
spring 41. Tt will be seen that this action
of the cut-off armature 38 disconnects the
line winding 16 from the line. In order to
insure that the line armature 22 shall not
fall hack too quickly, the auxiliary winding
29 1s provided, which winding is shunted
or short-cirenited by the closure of contaet
between the springs 42 and 43 when the
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armature 29 reaches its operated position.
At this point the armature 22 falls back and
the circuit is broken through the pull-in
winding 24. Tn the meantime, however, a
holding circuit is established through the
bridge-cut-off winding 44 for preventing
the armature 29 from falling back until
the connection is released. The act of the
plunger, which is attached to the plunger
armature 29, of pressing the springs 34 and
35 1nto contact, causes the master switch H
to operate, starting it on its selection of the
next idle trunk to have the same in readiness
for a call. This operation of the master
switch is as follows: The closure of the

sald springs 34 and 35 puts a positive poten-
pring P ] i

tial on the bank contact 45 of the master
switch bank « from ground G2 This con-
tact 45 corresponds to the trunk line which
terminates in the switch D, there being one
bank contact for every trunk line asso-
ciated with the master switch . Assum-
ing that the first selector D was idle at the
time that the subscriber A removed his re-
ceiver, and that the master switch H was
holding the line switch C in readiness to
connect with the switch 1; then tle mas-
ter switch wiper 46 is in the position indi-
cated in Fig. 4 at the instant that the line
switch C operates, and, therefore, the guard-
ing potential established at the bank contact
45 by the said bank springs 34 and 35 causes
a flow of current to pass throngh the mas-
ter switch relay 47 through the said master
switch wiper 46. The relay 47 upon ener-
gizing closes an energizing circuit for the

relay 48, which in turn performs the fol- -

lowing functions: First, it disconnects the
main battery from the conductor 26, and
from all such conductors, thereby rendering

all line switches C of the group inoperative

for starting a call. Second, the spring 49
onto the conductor 26, whereby any
sitbscriber of the group may receive the busy
signal and hang up his receiver should he
attempt to make a call while the master
switch H is in operation. Last, an ener-
gizing cireuit is closed through the operat-
Ing magnet 50. This energizing circuit in-
cludes the interrupter springs 51. It will
be seen that an auxiliary wheel 52 is pro-

vided on the same shaft with the gear wheel
93, both of which are controlled by the op-

erating magnet 50. Normally—that is,
while the master switch H is at rest—the
armature 28 1s in locking engagement with
the wheel 52 ; but when the relay 48 is ener-
wheel is unlocked at the same
time that the energizing circuit for the mag-
net 50 1s closed. The locking mechanism
consists of a series of holes near the periph-

ture 28 adapted to engage any one of these
holes while the magnet 48 is deénergized.
When onee the circuit is

52, and a pin on the arma-

closed through the

S

rotated automatically, advancing the wiper
46, together -with the wheel 52 and the
plungers on the armatures 29 which are in
engagement with the shaft and which are
also controlled by the gear wheel 53. With
the preferred arrangement it takes a number
of steps—that.is, a number of operations of
the magnet 50—to carry the wiper 46 from
the contact 45 and onto the next contact 54,
and the circuit of the reluy 47 is, therefore.
broken before the wiper 46 reaches the con-
tact 94. The circuit of the magnet 48 is,
of course, in turn also broken before the
end of the operation, but the pin 55 on the

hoperating magnet 50, the gear wheel 53 is

70

75

80

end of the armature 28 does not now register -

with any of the openings 56 near the outer
edge of the wheel 52, and for this reason the
circuit of the operating magnet 50 is held
closed mechanically through the medium of
the wheel 52. However, by the time the
wiper 46 has advanced to the proper point,
in engagement with the contact 54, the pin
09 on the armature 28 has arrived opposite
one of the openings 56 and drops thereinto,
with the result that the circuit through the
magnet 50 1s broken and the plunger shaft
of the wheel 52, the gear 53 and the wiper
46 are locked—this, of course, provided the
trunk  corresponding to the contact 54 is
1dle. . If it is not idle it is obvious that the
relay 47 will be reénergized and that the

-magnet 48 will also be reénergized, thus

preventing the pin 55 from falling into any
of the openings 56, as explained, until an
1dle trunk is found. By pressing the
springs 30 and 31 into contact at the same
time the springs 36 and 37 arc pressed into

85

90

95

100

contact, the plunger also causes the line relay

57 of the first selector D to energize. This
selector 1s of the general type of selector
described and shown in United States
Letters Patent No. 815,321, granted March
13, 1906, to Keith, Erickson and Erick-
son, with the circuits modified for two-wire
work. The line relay 57 of this selector, as
stated, energizes as soon as connection is
extended thereto from the line. The cur-
rent in this circuit, it will be seen, flows
from ground G*® through the lower wind-
ing of said coil to the side switch wiper 58,
thence to the positive side of the line,
through the telephone to the negative side
of the line, back over the side switch wiper
59, througfl the upper winding of the relay
57 to the battery lead 21, thence through
battery B to ground G. The line relay 57
upon energizing separates the springs 60
and 61,

closure of contact between the Springs
61 and 62, the slow-acting release relay
63 15 energized by a flow of current from
ground G* through the said springs 61
and 62 and through said relay 63 to the

) carrying the latter into engagement.
~with the springs 62. As a result of the

1056
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120
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battery iead. The relay 63 uwpon energiz-
ing presses the springs 64 and 65 and the
springs 06 and 67 into contact, taking
the Intter out of engagement with the
spring 68, The closure of contact be-
tween the springs 64 and 65 completes the
holding cireuit  throngh the brudge cut-
off-winding 44 of the hne switch C for
preventing the switch C from falling back
as soon as the cireunit through the pull-in
winding 24 is broken. This holding cireut,
it. will he seen, extends from ground °
through the springs 65 and 4, conductor 69,
hank springs 33 and 32, bridge-cut-ofl wind-
ine 44 of the line switch C to the battery
lead 21. The connection having been ex-
tended thus far, the subseriber 1 now 1u
readiness to operate his dial in accordance
with the digits 2-—3—-2—0 for first operat-
ing the first selector I in accordance with
ihe digit 2. next the second selector E 1
accordance with the digit 8 and last the con-
nector ¥ (Fig. 5) in accordance with the
digits 2 and 0. When the subscriber oper-
ates lis dial dn accordance with the dagit 2
he separates the impulse springs 4 and § at
the telephone twice through the mediun of
the impulse wheel 2. As a resualt the relay
57 operates twice, thereby causing the spring
G1 to engage the spring 60 twice. Two 1m-
pitdses of eurrent ave, therefore, sent through
the springs 67 and 66 to the private niagnet
relay 70 (which is slow-acting) 1n series
with the vertieal magnet 71, thence through
the side switeh wiper 72 (in first position)
to the battery lead 21, At the first impulse
the slow-acting private magnet relay 70 en-
ergizes and remmins encrgized untit after
the last impulse has been sent.  This relay
TO upon energizing eloses an energizing cir-
ciit through the private magnet 73, wlieh
private magnet alfracts its armature and re-
mains in readiness to release the side switch
to second position after the vertieal magnet
71 has been operated the desired number
of times. In this wnstance the vertical mag-
net 71 s operated twice in accordance with
the impulses delivered through this vertical
magenet by the hine relay 57, as desermbed.
As a result the shaft 74 and wipers 75, 76
and 77 are rmsed to the scecond level of the
bank contacts.  After the last nnpulse has
Leen transnitied the slow-acting relay 70 de-
energizes and, therefore, the private magnet
T3 detnergizes, thereby permmtting the side
switeh to pass to =evond position, carrying the
side switeh wipers 58 and 59 and 72 and 7S to
second position. Ag soon as the side switch
wiper 72 reaches the second position an encr-
gizing cireaf s closed through the rotary
magnet, 79 from ground G* through the in-
tervupter spring of said magnet 79, auxil-
Jary slow-acting relay 80, second-position
side switeh contact point, side switeh wiper
72 to the battery lead 21, By 1ts antomatie
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operation the rotary magnet 79 rotates the
shaft and wipers until an idle trunk is
found. 1If the first trunk 1s idle the shaft
and wipers are rotated one step, and a finger
on the rotary armature 81 trips the side
switch to third position; but if the first
trunk 1s busy the private magnet 73 is en-
ergized, since the side swifch wiper 78 is
also in second position, and remalns ener-
oized until the wipers reach an idle trunk
line. Tt s, of course, nnderstood, that when
a trunk line 1s busy the private bank contact
(here shown as the contact 82, and which is
m mdtiple with other private bank contacts
of the same group) 15 connected with the
positive battery. It 1s this positive battery
that cnergizes the private magnet 73 and
does not pernit the side switch to trip to
third position until after the wipers reach
an 1dle trunk. As soon as tho side switch
trips to third position. in either case, the
line relay 57 18 disconnected from the line
and the ¢t from the calling line 1s ex-
tended directly through to the second se-
lector switech i by way of the «ide switch
wipers 58 and 59 and the shaft wipers 77
and 75, as mdieated by the heavv conduc-
tors. Tt will he seen that the auxiliary relay
80, which energizes in series with the rotary
magunet 79, performs two functions: It main-
tains positive potential on the third-position
contact point of the side switch wiper 78 to
msure a guarding pofential at the private
wiper 76 at the instant the side switch passes
to third position, without having to wait for
the Iime relay 83 of the second selector E
to pull up. After the relay 80 has had time
to deénergize, which, of course, 1s not until
nfter the line relay 83 of the second selector
F. has energized and until guarding poten-
tial has been supphied for the private bank
contact 82, the release velay 63 of the first
selector I 1s connected through to the con-
ductor 81 by way of the third-position con-
tact point of the side switch wiper 78.
whereby the said relay 63 will be inaintained
cnergized after the line relay 57 deénergizes,
as a result of the side switch passing to thivd
position. Tt will he seen that the second se-
lector E is practically the same as the first
selector I, with the exception that there is

provided an extra side switch wiper 85 for

controlling the ground to the spring 86 in-
stead of connecting the spring 86 direct to
ground, as 1s the corresponding spring 65 in
the first selector 1. The object of this ar-
angement 1s to cut off the ground G* at
the side swilch wiper 85 from the trunk
release ciremit when the side switch passes
from second position. Connection having
thus been extended to the second selector,
the subseriber operates the dial for the digit
3. In so doing ]he operates the line relay 8:
in the same manner that the line relay 57 of
the selector D was operated. The vesualt is
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that the vertical magnet 87 is operated to
raise the shaft 88 and wipers 89, 90 and
91 to the third level. It will be understood,
of course, that the private magnet relay 92
operates to control the private magnet 03,
in a manner already explained, to cause the
side switch to trip to second position. After
the side switch passes to second position, 1n
the manner already explained, the rotary
magnet 94 operates to rotate the shaft to the
proper trunk which, in this case, it will be
assumed is the trunk terminating in the
connector F (Fig. 5), the conductors 95, 96

and 97 of which are shown. Of course, the

*auxiliary relay 98 performs the same func-

tion as the relay 80 in the switch D. . When
the idle trunk is found the side switch of
the selector E passes to third position, at
which time the connection between the line
and the connector is completed through the
side switch wipers 99 -and 100, as well as
through the line wipers 89 and 91. Of
course, as soon as the connection 1s extended
to the connector F the line relay 101 of the
connector energizes, separating the springs
102 and 103 and carrying the latter into en-
gagement with the spring
of contact between the springs 103 and 10%
establishes an energizing circuit for the
slow-acting release relay 105 from ground
G7 throug%n the said springs 103 and 104
and through the relay 105 to the battery lead
21. The relay 105 upon energizing sepa-
rates the springs 106 and 107, carrying the
spring 107 into engagement with the spring
108, and at the same time closing the Springs
109 and 110 into contact. The closure of
circuit between the springs 109 and 110 sends
current back over the trunk-release conduc-
tor 97 from ground * for holdin

~elease of these switches. The subscriber is
now in readiness to operate his calling de-
vice according to the last two digits (2 and
0) of the desired number. The calling sub-
scriber now operates his dial for the digit 2,
thereby operating the line relay 101 of the
connector T twice. As a result two im-
pulses are sent through the vertical magnet
112 in series with the slow-acting private
magnet relay 113. As a result the vertical
magnet 112 ra

steps and carries the wipers 115, 116 and 117
opposite the first contact of the second hank
level. The relay 113 being in series with
the magnet 112, and also being slow-acting,

energizes on the first impulse and remrying

encrgized as long as the impulses continue

to come 111. _
separates the springs 118 and 119, carrying
the latter into engagement with the grounded
spring 120. At the same time 1t will be seen
that the sprinf 121 is separated from the
spring 120, Closure of contact between the

}Oﬂl. The closure

the side switch to thir

up the-

release relays 111 of the second selector F .
and 63 of the first selector D to prevent the

raises the switch shaft 114 two

This relay 113 upon energizing

§priﬁgs 119 and 120 establishes an energi’z-' |

ing circuit for the private magnet 122 as
follows: from ground G° through the said
.ﬁsﬁrings and through the said magnet 122 to
the battery lead 21. The private magnet
remains thus energized as long as the private
magnet relay 113 remains energized, and in
readiness to allow the side switch to trip to
second position shortly after the impulses to
the vertical magnet 112 are discontinued.
When the side switch trips to Second POsi-
tion it will be seen that the vertiéal magnet
112 is disconnected from the circuit, and
the rotary magnet 123 is substituted there-
for by the movement of the side switch

70
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80

wiper 124 from first to second position. The

calling subscriber now operates his dial ac-
cording to the last digit 0, thereby sending

ten impulses and operating the line relay

101 ten times. As a result of this operation
the rotary magnet 123 is operated ten times,
and the shaft and shaft wipers are rotated
ten steps into engagement with the normal
bank contacts 125, 126 and 127 of the called
subscriber’s line. It will be seen that the
private magnet relay 113 energizes In this
instance just as it did in connection with
the vertical magnet 112, and for this reason
the private magnet 12¢ is operated in the
same manner, l'emuininf in readiness to trip

position as soon as
the impulses through the votary magnet 123
cease, provided the called lne 1s not busy.
Should the c¢alled line be busy the connector
side switch is locked in second position, as
will be presently described. As soon as the
side switch passes to third position the
talking cireuit is extended from the con-
nector to the called subscriber’s line through

“the meditin of the side switch wipers 128
cand 129,

At the same time the retaining
current for the trunk-release conductor 97

is changed from ground G* to G through

the action of the side switch wiper 130. 1t
will also be seen that when the side switch
wiper 124 passes to third position an ener-
rizing circuit is established for the ringing
relay 131, This cirenit extends from ground
(' through the interrupter 132, baukﬁgridge
relay springs 133 and 134, ringer relay 131,
side switch wiper 124 (in third position),
private magnet relay 113 to battery lead 21.
It should be stated that the ringer.relay 131
is a high resistance coil, while the relay 113

1 up.

is a low resistance coil and does not pu

The relay 131 cnergizes each time that the.

cireuit is closed by the interrupter 132, and
cach timé the relay 131 is energized the call-
ing and called lines are disconnected from
cach other und the ringing current generator

135 1s bridged across the called line to ring
the bell 136.

When the side switch wiper
137 passes to third position a guarding po-
tentia! is provided for the connector private
bank contacts of the called line, and a cir-
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cuit is closed through the cut-off winding
138 of the line switch C’. The guarding po-
tential for the called line extends from
ground G** through the side switch wiper
137, springs 139 and 140 and private wiper
116 to the contact 126, thence to the corre-
sponding contact 1n the banks of all con-
nectors which have access to the line of the
substation A’. From the bank contact 126 a
circuit extends over the conductor 141 and
through the winding 138 to' the battery lead
91. The winding 138, upon energizing, at-
fracts the arniature 142, whereby ‘the springs
143 and 144 are forced out of engagemant
with the springs 145 and 146, respectively,
and the spring 144 is forced 1nto engagement
with the spring 147. DBy this operation of

~these springs the ground G'? and the e
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winding 148 of the switch (° are discon-
nected from the called line, and the con-
ductor 149 which leads from the bank con-
tact 125 is extended to the negative side of
the called line. |
T As soon as the called subscriber hears the
signal of his bell 136 he, of course, removes
his receiver from the hook, with the resitlt
tha! the spring 150 s separated from the
spring 151 and carried mto engagement with
.tLu spring 152, The separation of the
springs 150 and 151 opens the circuit of the
bell 136, while the closure of circnait between
the springs 150 and 12 closes the tatking
circuit.  The closure of the talking cirewt
causes the back-bridge relay 153 of the con-
nector switeh I to energize, which relay
{hereupon separates the springs P33 and 134,
thereby breaking the cnergizing circuit of
(he Finger relay 131 and cutting off 1he ring-
ing current. Tt will be seen that at the same
(e Ehe springs [H4 and 155 are also closed,
but at this time this has no ceffect,

Thad the ealled subseriber’s fine been busy
4 wonhd have been impossible for the sido
switeh of the conneetor € to tup fo third
position. s w matter of fact, the sude
swilehh would have Dheen locked in second
position, giving the calling subseriber the
busy signal. A deseription of {this gperation
19 ne follows: I the ealled subseriber 15
busy the private bank contact 26 (which
v of course, one of a number of private
hank contacts ~conuected multiple) s
arounded. Therefore, when the private mig-
net relay 113 falls back after having heen
cnergizoed in series with the rotary agnet
123, and, of conrse, after the connector has
stopped on the ealled line, an cnergizing
cirenit 1w estabhished
winding of the back-brudge reluy 153, ‘This
ctreuit extends from the grounded private
hank contaets 126 of the busy ealled Bine to
the private wiper L6, through the springs
110 and (39 of the auxiliary relay 196,
{hrongh the lower winding of the relay 153
(o the positive side of the talking circuit,

il | | '

thence

(through  the lower
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through the ringer relay springs 157
and 158 and the side switch wiper 129 (in
second position), thence through the springs
118 and 119 of the private magnet relay 113
(this relay Dbeing now deénergized) and
through the private magnet 122 to the bat-
tery lead 21. The private magnet 122 hav-
ing been energized up fto this point, due to
the contact between the springs 120 and
119 of the private magnet relay 113 while
it was energized, is held energized even after
the relay 113 falls back.
plained that the private magnet
opportunity.to fall back while the
is detnergizing, because the spring 119 en-
gages the spring 118 Lbefore it leaves the
grounded spring 120, and the spring 118 1s,

122 has no

of course, as just described, now connected
with the private wiper 116, which in turn
-« connected with the grounded private bank
contact. The private magnet 129 therefore
continues to hold the springs 159 and 160
in contact, and as a result (as soon as the
back-bridge relay 153 energizes due to the
Qow of cirrent through its lower winding)
the auxiliary relay 156 s energized by cur-
rent Howing from ground GY at the private
magnet relay 113, through the springs 120
and 121 and through saud springs 159 and
160 to the said relay 156, thence through the
back-bridge relay springs 154 and 155 to
the battery lead 21 Thae relay 156 upon
encrgizing shifts the energizing circuit for
the private niagnet 122 and for the back-
hridee relay 153 by moving the spring 139
out of engagement with the spring 140 and
into engagement with the grounded spring
161. During this chahge, however, the cir-
cuit is not interrupted; the only effect 1s

“that the private wiper 116 18 disconnected

from ground, awd, therefore, no matter how
long {he connector 1° stays on the called line
<nid line will not be made busy at this con-
nector.
ceriber from Turther rotating the connector
[© after it has onee slopped on busy line,
the springs 162 and 163 are provided on the
anxiliary! relay 156 for opening the cireut
of the rotary magnet 123,
relay s also provided with the springs 164

and 165 for sending a busy signal current to.

the ealling svbseriber when the copmector
finds n busy line. It will be seen from the
operation deseribed that the relay 4506 sets
ap a locking ciret for the private magnet
122, This locking cirant s nmaintained
antil the ealling subseriber releases. After
(he ealling <ubseriber has established con-
nection with the ealled subseriber, or after
he wets the busy signaly he may release the
apparatis brought into-use by Lt by hang-
ing up his receiver. This act openr "he line
cireuit—that s, 1t separates the posxiave and
negative sides of the line at the telephone,

which opcration initiates the reicase. As-

It should be ex-

relay 113

In order to prevent the calling sub--

This auxtliary.
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suming that the calling and called subscrib-
ers are connected, when the calling sub-
scriber opens up his line circuit, as ex-
glained, the line relay 101 of the connector
deénergizes, The result is that the springs
103 and 104 separate and the release relay

105 dednergizes also. This relay upon de-

10

- said springs 103 and 102, and 107 and 106,
16
- the o

20

energizing permits the springs 106 and 107
to close into normal contact, and since now
the line relay springs 108 and 102 are also
in contact, an energizing circuit is estab-
lished through the release magnet 166. This
circuit extends from ground G* through the

throu'%h the release magnet 166 and through
-normal springs 167 and 168 (which
were closed in contact upon the first vertical
step of the shaft) to the battery lead 21.
The release magmet 166 upon energizing
withdraws the supports from the switch

- shaft which, under the force of a spring, ro-

- 26

30

~into normal position.
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tates out of engagement with the bank con-
tacts and then of its own weight falls to
normal. Upon reaching this point the off-
normal springs 167 and 168 are again sepa-

rated; thereby breaking the energizing cir-

cuit of the release magnet. This release
magnet 166, upon attracting its armaturé,
not only restores the switch shaft as ex-
plained, but also drives the side switch back
This has the effect
of finallv restoring all of the aircuits of the
connector to normal, whether the connector
has established connectioniwith a called hne
or whether the connector I is locked on a
busy Iine. In the event that the connector
is connected with a called line the restora-
tion of the said switch causes the holding
circuit for the bridge-cut-off winding 138
of the line switch C’ of the called line to be
broken, thereby restoring the line switch C’
of the called line to normal condition. If
the connector 1s locked on a busy line, the
act of restoring the sald switch, among other
things, causés the circuit of the auxiliary
relay 156 to be broken, thereby disconnect-
ing the busy signaling apparatus from the
line. The deénergiding action of the relay
105 not only ¢
connector F, with the result described, bnt,
by _separdating-the springs 109 and 110,
causes the restoration of the remaining ap-
paratus. - The separation of these two
springs 109 and 110 breaks the encrgizing
circuits for the release reluys 111 and 63
of the second and first selectors E and D,
,Upon deénergizing, the release relay 111
of the selector E closes the energizing cir-
cult for the release magnet 169. Normally

the circuit of this magnet is open at the off-

normal springs 170 and 171, but these
springs are brought into contact at the first
‘vertical step of the switch shaft 88." The
energizing .circuit for the said release
magnet 169 extends from ground G** through

separating the springs 64 and 65.

Using,

causes, the restoration of the

7

through the release relay springs 174 and

175 to the release magnet 169, thence through

sald magnet and through the off-normal
springs 170 and 171 to the battery lead 21.
The release magnet 169 upon energizing
causes the release of the switch shaft of the
selector 1n. the same manner as the switch
shaft of the connector was released, at the
same time restoring the side switch to nor-
mal position. Of course, when the. switch

- shaft reaches normal the energizing ctreuit

for the release magnet 169 i1s broken by the
separation of the springs 170 and 171. In
the same manner, the release relay 63 of the
first selector D causes the release of said
switch at the instant that the release relay
springs 67 and 68 come into contact. The
circuit, of course, in this instance, extends
from ground G* through the line relay

the line relay .springs 172 and 173, and
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springs 61 and 60 and through said release

relay springs 67 and 68, release magnet 176

and off-normal springs 177 and 178 to the

battery lead 21. It will be seen that, upon
detnergzing, the release velay 63 breaks the
retaining civcuit for the hine switch C by
The re-
sult 1s, of course, that the armature 29 of
the line switch 1s restored and the bank
springs 30 and 31 are disconnected, as well
as the bank springs 32 and 33, the springs
3+ and 35 and the springs 36 and 37. 1t
should be understood that the plunger arma-
ture 29 of the line switch C does not retarn
mto engagement with the plunger shatt con-
trolled by the master switch H until the
master switch H advances to a position
where the master switch wiper 46 engages
the bank contact 15 corvresponding to the
trunk which the line switch O has been
r. It 13 not until atter this occurs that
the plunger attached to the plunger arma-
ture 29 1s advanced from the trank termi-
nating in the selector D (g, 4}, This ad-

vanceuntent oecurs when the master switeh Ho

moves upon the mitiation of a call by some
other subscriber of the same group. 1If the
subscriber A should make a ¢all before the
master switeh has reached such a pomnt, the
armature 29 will cause the plunger to again

close the same set of bank springs 30, 31,

ete., thereby extending connection to the
same first selector D agnin, |

It should be stated that the release mecha-
nism of the selectors Koand D, as well as of
all the other selectors shown herein, 1s so
arranged that the shaft and sule switeh ave
restored 1o normal position tntsdiately
upon the encergization of the release magnet,
rather  than by -its  detnergizadon,  as
shown 1 =suad selector Patent No. 815321,
This type of release mechanisin 1s the sanke
as 15 cmployed on the connector switches
shown herein and as disclosed 1 said Patent
No, 815,176.
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. Referying again to Fig. 1,1f the subscriber

A desires to establish connection with the .
subscriber A% of the second hundred 1n
the second thousand, whose line terminates

in a district office, the operation is as fol-
lows: Upon removing his receiver the sub-
seriber A operates his line switch C, whieh
places subseriber A in connection with a hrst

selector, first selector D, for example. ‘The

subscriber A then operates his dial, sending
in two impulses in order to reach the sec-
ond thousand. In so doing, the shatt of the
first selector is raised to the second level, to
which are connected the second selectors,
from which latter the connectois ot the sec-
ond thousand are uaccessible, among these
the connectors of the second hundred group,
where the desired subseribe: s located. The
selector 1) then automatically 1otates and es-
tablishes connection with an idle second se-
lector, second selector 12, for example. The
subseriber A again operates his dial and
semtls in two impulses, thereby raising the

Cswitel shaft of the second selector B to the

25

80

secomndd hundred Jeved In this lever the
switeh automatically rotates and picks ont
+ Unk line running to the two-hundred
Jdistrict station, which trank contains a re-
peater T (Fig. 6). This trunk, will be as-
sumeil. terminates in a conuector 7, the

same in all respects as the connector It (IN1g..

5) but for the onission of the springs 109

35

40

45

and 110 and the side switeh wiper 130, The
subseriber now operates his dial for the last
two digits of the ealled subseriber’s number,
which, it will be assumed, is 22200 In that
cvent the dial s now again operated, first to
send ju two impulses and then to send i ten
anpitlses,  Referring to Figs. 4, 5 and 6,1t
will be seen that the extension of the call
to the repeater 1 (IFig, 6) by way of the line
switeh O, first selector D and seeond selector
12 is the same as the extension of the call to
the connector I, where subseriber #2320
was ealled, with this exception: that in this
instance the second selector 16 is rased to

the sccond level, in which level 1t s as-

Csimed ihat the wipers 89, 90 and 91 stop

50

65

(0

1)

on the contaets of the trunk conduetors 179,

180 and 181, in connection with the repeater
I (Fig. ), in which event it establishes con-
neefion with the conneetor 70 1t wall be
seen that in this conneetion the repeater T
has (o supply ihe holding or retaining cir-

et for |:11-rmf!ing the release. relays 111

and 63 of the selectors | and D from deeén-
ereizing, This holding cireuit is established
just as soon as the second selector 1 exiends
connection 1o the repeater T, 1t will be seen

that this repeater ©is provided with a line
relay 82, which line relay energizes in the

some manner as the Hine relay 101 of the con-
nector 10 that 15, this relay 182 having one
<ide connected to ground and the other side
to non-grounded battery, an energizing cir-

be
f
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“cuit is therefore established through the tele-

phone as usunl. Upon energizing, this relay
182 shifts the springs 183 and 184 into en-
oagement with the springs 185 and 186. The
closure of contact Letween the springs 183
and  1¥5  sets up an  energizing cirent
for the slow-ncting relay 187, which m
turn, by pressing the springs 188 and 189

into contact, closes the holding cireuit for

the release relays 111 and 63 referred to.
It will be understood that the conductors
190 and 191 (to the right of the condensers
192 and 193) terminate in the connector I,
as already explained. In describing this
connection the connector It will be substi-
tutedd for the connector K7, since, with the
exception noted, the two are alike, and tele-
plione A* is substituted for the telephone
A’ beeause these two are also alike. . |

With this understanding, then, it will be
seen that the conductor 190 will be connected
to the conductor 95, and that the conductor
191 will be connected to the conductor 96
but, as already stated, the conduetor 97 s
omitted when the connector F acts us the
connector I, TU will be seen. therefore, that

as soon as the line relay 182 of the repeater.

[ presses the springs 184 and 186 into con-

tact, the line velay 101 will bhe energized.

shifting the spring 103 onto the spring 101
and energizing the refay 105, The operation
of this relay 105 has already been explained,
it being seen that in-the present conneetion
the springs 109 and 1O are to be ignored.
Having extended hisconnection tothe conhec-
tor I7, the subseriber A is now ready to oper-
ate his dial in accordance with the last two
digits of the number desired, namely the
digits 2 and 0. In response to the two un-
pulses corresponding to the digit 2 the relay
182 of {he repeater 1 responds twice, which
in turn, by operating the springs 184 m
186, operates the hne relay 100 of the con-
nector.  The connector, of course; responds
to raise the shaft two steps. "The subseriber

now operates his dial, sending o the Tast im-

pulses (fen in nuniber) and causing the hine
relay 182 of the repeater {o respond, which
relay in turn operates the line rvelay 101 of
the connector in a simtlar manner. The re-
stilt is that the connector 1s rotaded and ear-
ried into engagement with the desived Tine.
It the called line is idle the subseriber there-
of will he signaded, and when he answers
the signaling current will be cutoff, as al-
ready explained. M the ealled subseriber
should be husy the relay 156 wil operate (o

Jock the side switeh in second position and
“to send 2 l-}tmy-' Hl,ﬁ'ml-l current to t_h.u .ufulling

subscrtber. It will be seen (1n the operation
of the repeater 1) that the relay 187, being
4 slow-ncting relay, does not permit s ar-
matnre to fall back while the impulses are
being transmitted.  However; when a call-

ing subscriber,hungs up his receiver {o-re-
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lease, he opens his line circuit and thereby
permits the line relay 182 of the repeater to
fall buck which remains deénergized for a
sufficient length of time to permit the rﬁla}

187 to also deénergize. When the line relay
182 separates the springs 184 and 186, the

line relay 101 of the connector also detner-
gizes, causing the release of the connector
switch in a manner already explained. Of
course, the relay 187, by separating the
SPrings 188 and 189, breaks the energizing
circuit for the release relays 111 and 63 of
the selectors EE and D, thereby causing the
release of these switches and of the line
switch C in a manner already explained.

Referring again to Fig. 1, if the subscriber
A wishes to call the subscr iber A® in the
3200 district office he does it 1n exactly the
same manner as he calls the subscriber No.
2220—that is, the subscriber A operates his
line switch C, establishes connection with a
first selector D the first selector 1) then op-
erates to raise the switch shaft to the third
level for reaching the third thousand, es-
tablishing connection with a2 second selector
| he second selector E is then operated
to raise the wipers to the second or two-hun-
dred level, in which level connection is
made with a connector F* in the 3200 dis-
trict office.  This connector 18 operated
through the repeater 1’ to establish connec-
tion with the desired subscriber A® It will
be seen that 1m this 3200 district two sepa-
rate groups of connectors have access to the
subscribers. The reason for this difference
is that local subscribers, as will be later de-
scribed, establhish their connections loeally—
that is, they do not have to operate the se-
H, however,
the subseribers in this distriet wish to eall
sithscribers anywhere else the switches at the
central othee must be operated.

If the subseriber A wishes to establish
connection with the auntomatie subseribers of
or the manual subscribers IX 1 the private
branch board L of the 2100 group he must
do so through an operator’s board. This
board 1s indieated by a square divided 1into
two sections.  In the upper section are
shown two groups of circles indicating the
stubseribers’ multiples on the rnight, and
trunk jacks to the mam e.xc.h:mmf- on the
In the lower section are shown two
groups of civeles, the group on the right m-
{Iu ating the subseribers’ line sltrmlmml }.:wl-u
and on the left line signals dl‘l(] jucks of in-
coming trunks. If the subseribor A wishes
to cal] the mltnnmh( sttbsceriber A of the an-
tomatic group in the private branch ex-
change he operates his line switeh (', estab-
lishes connection with a selector D, w hich lat-
ter 18 operated to raise the w;pe:s to the sec-
ond level, by way of which level connection
is made with a second selector in the second
thousand, second selector E, for example.

| ]H"('T()l to thie destred level.

The second selector E i1s then raised to the
firstMevel and rotated to establish connec-
tion with an idle rotary connector in the
first hundred, rotary connector M (Fig. 17),
for example.
ralsed to the second level and rotated over
a group of trunks running to the private

branch exchange board L (#2121), each
trunk of which oroup terminates in a Jack

This rotary connector is then

70

75

¢ (Fig. 9). W’he the rotary connector
finds an idle one of these trunks, the operator
at the district board 1. i1s signaled. The op-

erator may then connect the calling sub-
seriber with any one of the :':,ubscrlberq of
this board, whether manual or automadtic,
and if the subsecriber A wants the subseriber
A* the operator simply connects the sub-
scriber A* with the trunk over which she
has been signaled through the cord N, there-
by c&mpletuw the connection. Referrmg to

Figs. 4, 5, 9 and 17, a more detailed de-
se rlphon of the connection is as follows:

The operation of the line switch C, first se-

lector D and the second selector E, “throu oh

avhich conmecetion is established wﬂ:h the ro-

tary connector M, 1s already understood,
having already been described, and no fur-
ther deseription need be made up to this
poinf. From this point on the operation 1s
as follows: dhe second selector E (Fig. 4)
having been raised to the first level and hav-
ing been rotated into connection with the
trunk conduetors 194, 195 and 196, and the
connection having thus been extended to the
rotary connector (Fig. 17), the line relay
197 1s energized through the telephone A in
the sanie manner as the line relay 101 of the
connector I (I1g. 5) was energized. This
relay, upon cnergizing, operates like the line
wlav of the connector F to separate the
springs 198 and 199, carrying the latter into
engagement with the spring 200, The effect

is to energize the slow-act ing release relay 201,

which 1e]¢w 18 similar to the relay 105 of t]m

connector I'.  Thig relay 201 upon energiz-
mg separates the springs 202 and 203, car-
rying the latter into engagement with the
spring 204, and at the smne time pressire
the springs 205 and 206 into contact. .oy
coming mto contact, the springs 205 and 206
close the holding cirenit thmugh the trunk-
release conductor 195 for the 1elease relays
111 and 63 of the selectors E and D to pre-
vent themr mle ase.  The subseriber i1s now

3

B85

90

95

100

105

of placing the springs 199 and 200 in contact

110

11)

120

ready to send in the first set of impulses for

rawsing the switeh shaft of the rotary con-

the number of nupulses will be two, sinve it
will be assumed that the number of the quh-
scriber at the private branch board 1. 1

2121, These impulses operate the line re-
lay 197 twice, which relay, operating hike
the line relay of the connector F (Fig. 5),
sends two tmpulses to the vertical magnet

In this Instance

12d
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207.  Of course, the slow-acting relay 201
does not deénergize duri ng the transmission
of these two impulses. It will be seen that
the slow-acting private magnet relay 208
1s 1n nultiple with the vertical magnet 207,
Therefore, at the first impulse through the
magnet 207 the relay 208 also energizes and,
being slow-acting, remains energized until
after the impulses have been  delivered
through the magnet 207. The relay 208
upon energizing presses the springs 209 and
210 into contact, thercby closing an energiz-
mg circuit for the private n agnet 211. This
private magnet'remains energized as long as
the relay 208 remains energized, but de-
energizes when all of the impulses to the
vertical magnet 207 have been sent in, for
the purpose of permitting the side switels
to trip to second positicn. The switch shaft
having been raised to the secon level, the
subscriber is now ready to operate his dinl
in accordance with the last digit 1. When
he does so the line relay 197 falls back once,
thereby sending an impulse from ground
G** through the line relay springs 199 and
198, and through the release relay springs
203 and 204 to the private Inagnet springs
212 and 213, through the rotary magnet 214,
through the side switch wiper 215, thence to
the battery lead 21 and to battery 3. At the
same tine the impulse passes through the
slow-acting relay 208 over another branch,

- causing this relay to energize and remain en.

35
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- In allowing the impulse

45
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56
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1. As in the previous

ergized as long as the unpulses are coming

208 again energizes the private magnet 211
by pressing the springs 209 and 210 into
contact, which private magnet 211 remains
In readiness to trip the side switch to third
position. This impulse, of course, also en-
ergizes the rotary magnet 214. The object
thut energizes the
rétary magnet to pass first through the
private magnet springs 212 and 213 15 to
insure a long enough impulse to the rotary
magnet, which would not be long enough if
it had to wait until the relay 208 cnergized.
It is assumed there are nine contacls run-
ning from the second level of the rotary
connector M to the private branch board
L. Upon rotating the shaft, the rotary
magnet 214 advances the private wj per 216
into engagement with the first private bank
contact of the second level. 1 {he first.
trunk running to the private braneh is busy,
the private wiper 216 will strike ground:
and since the side switch is in second posi-

- tion the auxiliary private magnet relay 217

s energized through the side switch wiper
218. The relay 21’?11]}011 CNergizZing presses
the springs 219 and 220 into contact, there-
by closing a new ¢nergizing circuit for the
private magnet 211 from ground
through said springs 219 and 290, As long
as the private wiper 216 continues to find

instance, this relay -

and substituting the coil 244 jp

'GIE |
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a busy trunk the relay 217 will continue fo
remain. energized ; and, therefore, the pri-
vate magnet 211 will continue to remmin
energize(% and thus maintain elosed the of-
ergizing circeuit for the rotary magnet 214,
which advances the line wipers 221 and 994
from ftrunk to, trunk nndil an idle one is
found. Ay svon as snch a trunk is found the
energizing cirenit of the relay 217 is broken,
and the private magnet 211 will permit the
side switeh to pass to third position, there-
by extending connection from the calling
subscriber to the operdtor at the branch
board L. Referring to the slow-acting re-
lay 208, it will be seen that the energizing
cireuit for the magnet 214 (through the
medium of which the shaft ang wipers are
propelled in their search for an idle trunk)
comprises the interrupter springs 223, pri-
vate magnet springs 224 and 9225 and the
springs 226 and 227 of the slow-acting re-
lay 208 Further, it will be seen that the
priary or prelimmary CHergIZIing cireuit
for the rotary magnet 214 ufter the private
magnet 211 15 cnergized, is maintained

through the springs 927 and 288 of the same.

relay 208. Connection ha ving been extended
to the operator at, the private branch board
I, this operator is signaled by current sent
out over the selected trunk, the conductors
229 and 230 of which are shown in Figs.
IT and 9. The current for signaling  this
operator flows from ground G5 through the
side: switeh wiper 218 (m third position),
through the lower winding of the coil 231,
through the ringer reluy springs 232 and
233, through the side switch wiper 234 (in

third position), line: wiper 222 to the trunk

conductor 230 (positive stde), springs 235
and 236, signal relyy 237, '
and 239, trunk - conducior 229 (négafive
side), line wiper 221, through the side
switch wiper 237, ringer relay springs 24()
and 241, back over the upper winding of the
relay 231 to the battery Tead 21, As u resylf
of establishing this ¢iveuit 4l e double-woumnd
back bridge relay 251 of the rotary connector
M energizes in series with the Jine signal re-
lay 237 at the operator’s bosayd. The result
of energizing the
ringer relay 242, which
would have been established If an ordinary
subscriber’s Tine had  hoen called, is pre-
vented from being estaldished. OF course,
the result of energizing the
15 that the operator is signaled by the glow-
mg .of the lamp 243, Upon receiving the
signal the operator inserts the plug & into
the juck ¢, thereby cutting off the relay 247

for the coil 237, thus Inamtaining the enoer-
gizing cirenit of the double-wound relay
231 in the rotary connector M. Tt should
be stated that the battery I3 in Fig. 17 is of

70
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jack springy 238195

110

. _ relay 231 is that the ener- 115
- gizmg crreiit forr the

signal relay 237 120

the cord N 125

higher voltuge than the battery B’; there- 130
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tore, tuove will be o flow of current th rough

the voner winding of the relay 231 at the

connectoir M and through the upper wind-
g of the relay 244 at the cord cireuit N
sufficient to energize both of these relays.
Of course, when the relay 244 energizes it
attracts its armature and opens the circuit
of the front supervisory lamp 245. After
plug;iing in, the (}Eemtm- throws the key &,
thereby bridging the talking set ¢ across the
line, and asks the calling subscriber the de-
sired number. It will be seen that the talk-

Ing circuit extends over the heavily marked

conductors and includes the condensers 246
and 247 in the cord circuit N, as well as

the condensers 248 and 249 in the connector
M. The calling subscriber ‘may then call

for the subscriber A* (Fig."9), giving the
name of the party desired or the loeal num-
ber, as, for example, #22 which number it
1s assumed is the local mumnmber of subscriber
At The operator thercupon restores the
key & and inserts the plug 2’ into the jack
¢’ and, after doing so, presses the ringing
key d’, thereby signaling the subscriber A4
Upon restoring the ringing key d’ the call-
g and called lines will be left connected,
and when the called subscriber A* removes
his receiver he will be in readiness to answer
the calling subscriber. It will be seen that
a8 soon as the plug 3" is inserted in the
Jack ¢” a circuit is established for the relay
252* from ground G to the sleeve 251,
thence to the sleeve 252 of the plug 4" and
through the relay 252s to battery. The re-
lay 252°, upon energizing, operates to com-
plete a circuit from ground (*? through its
armature, contacts of the back supervisory
relay 253, through the lump 250 to the bat-
tery B".  As soon as the called subscribor
removes his receiver, however, the rela y 253
energizes and causes the lamp 250 to bo put
out, thereby giving the signal to the Oper-
ator that the called subscriber has answered.
After the subscribers are through talking
the subscriber A may hang up the receiver,
thereby causing the line relay 197 of the

rotary connector M to detnergize. As a
result. thereof the slow-acting release relay

201 also deéncrgizes, thereby pPermitting the
springs 202 and 203 to fall into contact and
at the same time separating the springs 205
and 206. Since at the first vertical move-
ment of the switch shaft of the connector

M the off-normal springs 254 and 255 were

brought into c¢ontact and the energizing cir-
cuit for the release magnet 256 was partially
closed, it follows that the closure of con-
tact between the springs 202 and 208 now
causes the said release magnet 256 to ener-
gize. This release nagnet energizes in the
manner described in connection with the
connector K (Fig. 5), there being no differ-
ence 1n the general principles of operation
between the switches M and I, thus restor-

-1t should be explained that had the rotary

same.

11

Ing the switch shaft and side switeh of the
connector M. Of course, the separation of
the springs 205 and 206 of the velay 201
causes the release relays 111 and 63 of the
second selector E and of the first selector
D, respectively, to deénergize, thereby bring-
Ing ubout the restoration of both of those
switches, as well as of the line switch C, as
already explained. When the connector M
disconnects from the trunk conductors 299
and 230, the relay 244 at the cord N deén-
ergizes and permits the lamp 245 to ener-
gize, thereby giving the operator the dis-
connect signal. Likewise, when the sub-
scriber A* hangs up his receiver the relay
203 deénergizes and the lamp 250 lights,
giving the operator the back disconnect sig-
nal. Upon receiving these signale the op-
erator withdraws the plugs from their Jacks.

70

75

80

85
connector M found all of the trunks to the
board L busy, the switch would have ro-
tated beyond all of these trimks and would
have stopped with the wiper 221 on the bank
contact 257.  Upon stopping, the side switch
would have passed to third position and an
energizing circuit would have been set up
for the busy relay 258. The flow of current
it this circuit would be fron ground (7
through the said relay 258, bank contact
201 and wiper 221, through the side switch
wiper 237%, ringer relay springs 240 and
241, upper winding of the relay 231 to the
battery lead. The relay 258 upon encrgiz-
ing will press the springs 259 and 260 into 100
contact, thereby connecting the busy signal-
mg apparatus £ with the calling line through
the condenser 249 on the positive side of the
line, and giving the calling subscriber the
busy signal. The ealling subscriber, of 108
course, upon receiving the busy signal, will
release the connector in the manner already
explained. It is obvious that had the cali.
g subscriber A desired to connect with
either of the subseribers A® or AV at the 110
branch exchange T, (I1g. 9), the operator
would have connected with the line called
for instead of with the line of subseriber
A% The operation would lhave bLeen the
| | - 1158
Had the subscriber A desired to connect
with the office O) or with the office P in the
2100 group, the lines running to whicly (as
shown in Ifig. 1) terminate directly in the
bank contacts of the rotary connector M, and 120
of the other rotary contacts in the samo
group, the only difference between this con-.
nection and the connection when the oper-
ator at the branch exchange I, was enlled
would be that the rotary connector would 125
have been raised to some other levol corre-
sponding to the office O, or to the level cor-
responding to the office P; and that the
called subscriber would have been automati.
cally rung. Tt is to be understood that each 180

90

96
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1

of the offices O and P i« provided with ,
number of tranks, Just as the office I wag
provided with a number of trunks.  Assnm-

mg that the subseriler A desires to call the

office 1%, the numboeyp: allotted to which, it
wil} he assumed, js 2131, the rotary connee-
tor M, after heing raised to the third level
and started rotating, will continue to rotate

until an idle line is found, for example, the.

line ferminuting in the telephone A7, Upon
finding an idle line the connector M stops

rotating, as already described, and its side
switch passes to third position. ‘The tele-
Phone of the subsceriber A7 15, of course, the
same as the telephone of the subscriber A’
(1g. 5) and, therefore, as soon as the COR -
hector stops on this line the energizing ciy-
cuit. for the ringer relay 242 s sef wp.  This
CHErgIng cirenit is, ag shown, an intermit-
lent one, under the control of the interrup-

ter 261, Each tine that the ringer relay 249

energizes, the ringer generator 262 is thrown
across the line of (he called sithscreiber A7
and, therefore, the bel] at that sta
rung.  As soon as the called subscriber un-
swers, the line cirenit 18, of course, closed,
as already expluined, and as a result the
back-bridge relay 281 energizes, culting off
the ringing current. A, Soon as the sub-
seribers are through talking the call g sul-
scriber, by hanging 1 p-his receiver, will pe-
lease the apparatus in & manner already ex-
planed.  "The  subseriber A* (group 0)
would be called by raising the counector M
(o the first Jevel mstead of Lo the third, as-
sttmmg the number of the oflice O is 2111,

H the subscriber A had decided 10 eul)
any one of the subseribers in the 3100 dis-
trict. oflice, subseribep A, for example, he
would establish his eall i mich the sume
manner as with the subscriber Az Assum-
Ing that the number of the subscriber A® ig

3120, the subscriber A would remove iy pe<
votters operate lus line switch O an estab-

lish comieetion with the first seleciop D, for
example. (See Iig. 1). The selector D will
then be raised to the third level, thereby cx-
tending the connection to the second selec-
tor 147, for example. The sccond selectoy T/
15 In turn operated and raised to the first
level, thereby obtaining connection with one
of the connectors in the 8100 district. office,
onnector I, for example. 7
I is in turn operated and raised to the

second level, being then rotated into engage-
-nient with the tentl contact, which 15 the

terminal of the line #3120. In the 3100dis.
trict office there are both automatic and
manual subscribers, ag indicated by the lot-

tersJ and K, and the connection might just as

easily have been made with one of the man-
ual subscribers as with one of the automatjc
subscribers, since both classes of subscribers
have their lineg terminating in the connec-
tors indicated, among which is the connec-

station 1s

Passing to the cord: circuit N’
13 o oov nection is made with
The conigector < s

scriber

1,270,277

; +
tor % already referred to. Connection hav-
Ing heen established, the release is the sane
25 1n the case when the subscriber A? wis
called. Tt will be scen that the connection

with the subseriber #3120 is made through 7¢

a repeater I, indicated by the trunks run-
ning to the 3100 drstrict exchange, just as
the connection to the subscriber "A? was
made through the repeater 7,

If the subscriber A
connection with g subscriber in the 3311
private branch exchange I/ ( Fig. 1), sub-
scriber A1°, #3311—n, for example, the op-

eration is as follows: He removes his re-

ceiver and thereby operates I e switch 8o

.

C to establish connection with a fiyst selector,
selector D, for example.  The first selectop
D) is then operated and raised to e third
level, therely extending the connection to

@ group of second selectors in the 3000 divi- 85

ston, the sccond selector 1 for example.

Having established connection with the sec-

ond selector 10’ this switely iy operated to
ruse its shaft and wWipers to the third level,
thereby extend; nge the
tary connector in {he So00 fevel, rotary con-
nector M, i,y example. 1t will be nnder.
stoud that (hiy rotary connector M is in qll
respects like the rotary comnector M shown
m Fig. 17, This rotary |
operated to raise ity wj pers to the first level,
from whiel level, as indicated, a numberp of
trunk hines run to the operator’s board in
the 8311 branel cxchange.  Ag indicated,

these trunks terminate in cords of the char- 160

acter shown in T 1. 16, Ay soon s the
rotary connector M’ stops on one of these
cords, cord N7, {or example, the disconnect
sienal coil 264 CLCUZIZes in series with the

back-bridge double-wound coil of the rotary 105

connector.  Since (e rotary connectors M

and M are identical, in wrder to save space

reference will be mul. to the rotary con-
nector M (Fig. 17) in this connection in-
Stead of connector M.
back-bridge cojl of the rotary connector (see
coil 231, Tig. 17), upon
ready eXplained, opens the energizing eirp-
cuit of the ringer relay (see relay 242),

desires to establishh 75

connection to 1 ro- 90

conncctor s then 96

energizing, as gal-

n
r

This double-wound 110

thereby preventing YINgIng  current from 1135

wlien con-
such a cord. At the

same time the signal relay 265 at the cord

circuit N’ energizes and attracts its arma- -

ture, closing g signaling circuit through the 12¢

signal lamp 266 frony the
the said lamp 266 and
268 to the lamp and
ground G,

battery, through
contact 269 and to

conductors 267 and |

Upon seemg the signal the

operator throws the key q* and bridges her 126

The operator then

talking set on the line,
the

Inquires the number desireq of calling

‘subscriber, whereupon the calling subseriber

gives the name of the local subscriber, sub-

A #3311—n, for example. The 1¢p
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substation A is the same as the substation
A (g, 11), with the exception that the
contacts 641, 642 and 630 are omitted.  Upon
learning th(, number desired the operator
inserts the plug H% mto the juck ¢ Fig, 1,
(see juck 3, Fig, i1) of the snlmnlw A
(Flfr 11), therel)y completing the connec-
tion. U'pon lifting the plug the operator
pernntg the springs 271 and 272 to separate,
thus putting out the Jamp 266 When she
plugs into the jack ¢*, Fig. 1, (sce ¢, Fig
11},r the amfrle wound relay 314 and the
The ener-
gizing cireult for these two relays mav be
tra(-ed from ground (3** through the springs
(32 and 631, throngh the rvl,n 314, through
the sleeve 313 of the jack ¢ thence through
the sleeve of the phl r &2 and through the
left-hand winding of the relay 275 to bat-
tery. The relay 314 upon energizing shifts
the spring 315 away from the spr ng 633
anid 1mto engagement with the ;rl.f)lmdml
spring 316, The separation of the springs
315 and 633 breaks the energizing circult
of the relay 628 in order to prevent this
relay from energizing under any conditions
while the relay 314 ig energized. The press-
ing into contact of the springs 315 and 316
clme an energizing circuit through the
bridge-cut-off winding 818 of the line switch
C? - When e relay 275 pulls up it attracts
its armature and puts ground on the c¢on-
ductor for the purpose of cnergizing the
relay 6092 and lhighting the lanp 609, When
the called subscriber answers, the relay 608
energizes in the usual manner, thereby bridg-
Ing the npper winding of the relay GOR®
across the trunk conductors 603 and 606 in
The relay
608, upon energizing, conneclts its lower
winding in multiple with the lamp 600,
thereby forming a locking circuit for itsel
antd shunting the lanp %nlhcwmh to cause
it to cease to alow. After the subseribers
are through talking the calling subscriber
may release all of the antomatic apparatus
brought into use by hanging up his reeceiver
in the manner already described, «  rveby
giving the operator the disconnect signal
through the nedium of the lamp 610, Uipon
receiving the disconnect signal the operator
withdraws the plu;: bt from the jack, re-
storing the cirenit of the line A and then,
hy permitting the plug 4% to assine s nor-
mal position, presses the springs 271 and
972 together. Thusg far it has been shown
how - the subsertber A of Figo 1 omay eall
any other subseribor in the same aitgrure. It
will now he shown how the suybseriber A
may call any of the subseribers of I[hg. 2.
The subsertber A may desire to eall any of
{he subseribers, ssthseriber AL for example,
connected with the toliboard 1.2 i Fig, 2,
three groups of sueh «athseribers hemg shown

and 1ndicated by the letter K.

wi .

In calling

18

any one of these subscribers the subscriber
A (1n the snme manner as already explained
in the call between subseribers A and A1)
establishes connection with any one of the
rotiry connectors in the 3300 group, the ro-
Ltn, connector M’, for ex 1mple This ro-
tary connector is then operated to raise the
shaft wipers to the third level, assumings
that the number of the tollhoard is 3331.
The rotary connector M’ automatically ro-
tates to establish connection with any one
of the tronks running to the tollboard 3331
which may be idle.
termimmates in a jack ¢* (Fig. 12). Upon
recelving the signal the operator inserts the
answering plug 6 of the cord N* (Fig. 12)
mnto the ]ac]{ ¢, andl then throws the key /3
to talking position and inquires the number
desired. Upon learning the niunmber of the
subscriber dE&h]led the opemtm' Inserts the
calling plug #* into the multiple juck ¢* of
the subseriber A, #3331-—n_and rings the
subscriber desired. It will be understoml
that the back-bridee coil of the rotary con-
nector (see hack- lmdﬂ'e coil 231, Fig. 17)
pulls up through the coils 2762 and 276 of
the cord cltcmt After the snbseribers are
through talking the calling subseriber, by
hqngmg up his receiver, releases the auto-
matic apparatus and gives the operator the
front disconnect smml at the cord N2, and
the back disconnect Si;_rrml is given when the
called subseriber hangs up. These signals
are given through the Tnedinm of the w]ftw
277 and 278. RGfEIIIrlﬂ ter the toltboard in
Fig. 2, it will be scen that four horizontal
kec‘tmnﬂ. are mdicated. sections 1., By A and
M.
the subserihers’ Tine signals:
is intended to indicate the Tine stenals coni-
ing from an A-aperator. in whieh case the
operator at the tolthoard 15 acting as a B-
operator: the seetton A s the section of
multiple jacks, the trunks leading from
which terminate in antomatic h‘ﬁ'lt(,h{‘.ﬁ: the
section M 15 o mulfiple seetion, there being
indicated the maltiple jacks of subseribers.
This arrangment is carried out on
boards shown. |

[f the subseether A wishes to obtain con-
nection with any of the subseribers con-
nected to the hoard 13 subseriber A (Ifigs,
‘) 'ltnl 129), for example, be removes his re-
cerver, operates his hie switeh (0 operates
the fiest selector D fo the fourth Tevel and
cxtends connection (o a seeond selector 162
{ i, 1), assannnge that dhe subsceribers con-
nected with the boawed I2 are in the 4000
oroup.: from which. second selector connee-
fion 1s extended to a connector having aceess
to the group of subscribers of the board
A among which is the one desired. The
hormals of all the subserthers of the board
FXX1 is asstned, are confained in the eables
280+, Tt will be understood that 1f the sub-

Icach one of these trunks

The division T. 1s mtt-ndvd to tndie: ltv'_
ithe diivision D
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scribers connected with the board L* are not
nore than one hundred in number they may
be taken care of with one group of connec-
tors; but if the number of subscribers is
5 gr eatm, wdditional groups of connectors are
required, which groups are reached from
separate levels of the second selectors, such
as selector K2 Assuming that the number
of the subscriber desired by the subscriber

10 A in this particular instance is 4120, the

first selector D 1s raised to the fourth ]m'el
from which level connection is established
to a second selector K. The second selector
1s then raised to the first level and connec-

16 tion extended to a connector. connector F?,

for example. This connector, it will be
understood. 1s 1n all respects the same as the
connector ¥ (Fig. 5). The connector K
1s then operated to raise its wipers to the

20 second level, after which it 1s rotated to es-

tablish connection with the last line in that
level, thereby completing connection with
the line #4120. When the connector IF*
connects with this line #4120 its shaft

25 wipers (see wipers 115,116 and 117) will stop

I engagement with \*h(} bank contacts 280,
281 and 282. The negative line wiper 115
(talking the connector K for the connector
F*) will therefore be in engagement with

80 the normal contact 280, the positive wiper

117 with the contact 281 and the private
wiper 116 with the contact 282, Through
the medium of the private wiper 116 the
- connector switch grounds the private bank

85 contact 282, with the result that the relay

284 is energized. [Jpon attracting its arma-
ture this relay presses the springs 285 and
286 1nto contact. The closure of contact
between the springs 285 and 286 closes an

40 energizing cirenit thmnfzh the cut-off relay

287 of the subscriber’s line. Upon energiz-
ing, the cut-off relay 287 attracts its arma-
tures 288 and 289, disconnecting these arma-
tures from the line conductors 290 and 291,
18 carried into
-engagement with the contaet 292, which is of
no significance at this time. As soon as the
connection is thus made with the desired
telephone the connector F sends ringing

60 current out to the called telephone line from

the ringer geénerator 135 edch tinmie that the
ringer reLw 131 is energized, as a result of
the action of the interrupter 132. This ring-
ing current, of course, reaches the called

85 line fhr(mg‘h the line wipers 115 and 117

and through the bank contacts 280 and 281,
thence to the line conductors 290 and 291.
The ealled subseriber, in answering, closes
his line circuit through the transmitter 203,

60 thereby causing the back-bridge coil 153 to

energize and cut off the ringing current.

After the subscribers are through talking.

the calling subscriber will. by hanging up
his receiver, release all of the automatic

65 switches and break the connection; and as
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soon as the connector switch leaves the bank

contacts 280, 281 and 282 the line equipment
of the subscriber A'? is restored to normal,
By referring to the line equipment shown
in Fig, 12, it will be seen that the auxiliary
relay b*f-ﬂ by pressing the springs 285 and
286 1nto contact, as explained, not only

causes the energization of the relay 287, but
also provides a gnarding potential at the
<leeves 205, It will be seen that the relay
284 connects with the non-grounded battery
through the jack springs 298, 299, 300 and
301, The object. in providing these springs
15 to disconnect the relay 284 from battery

whenever a plng is inserted in a jack, n
order to prevent the relay 284 from energiz-
mg. This may also be done by adding two

normally closed springs to the relay 287.
and connecting the relay 284 to hattet

through them instead of through the springs
208, 290‘ 300 and 301 (see Fig. 12=). With
this arrangement the relay 284 energizes
onlv when an automatic switch grounds the
private bank contact 282. By referring to
Fig. 14, one of the line circuits A3 of the
suhscrll)erq K (whose line terminates 1n line
switches such as the line switeh C2, g, 2)
will be seen.
the subseriber A3, #4320, (Fig. 1
example, instead of the subscriber A” ( Fig.
12}, the wipers of the connector F?* would
have stopped on the normal bank contacts
302, 303 and 304 corresponding, respectively,
to the bank contacts 280, 281 and 282. By
grounding the private bank contact 304 the
connector switch will cause the energization
of the bridge-cut-off winding 805 of the line
switch (C%, wherebv the brldge cut-off arma-
ture 306 is attracted. separating the springs
307 and 308 from the springs "309 and 310
and pressing the spring 307 into engagement
with the spring 311. By this operation the
line. switch is rendered inoperative for the
time being and connection i1s extended to
the called subscriber’s line. The subscriber
A 15 signaled just as the subscriber A?2
was signaled, zmd when he responds by re-
moving his receiver the closure of the line
cireuit cuts off the ringing current, as al-

ready explained. After the subscribers are

through talking the calling subscriber, by
hﬂ,n,r_rmg up his receiver, restores all of the
automatic switches and therefore breaks the
connection.. As soon as the connector switch

1s disconnected from the bank contacts 302,
";03 and 304 (Fig. 14) the line switech C*

is restored to normal position.
If the subscriber A desires to establish
connection with any one of the manunal toll

subseribers whose lines terminate in the toll-

board I.* (Fig.
ample, whose mtmbt"r it will be assumed is
3321-—n., the operation is as follows: As-
suming the number of the subscriber desired

in the board L* to be 3321, by removing his

Had the subseriber 'A called

for-
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receiver the subscriber A operates his line
switch C and establishes connection with the
first selector ID. He then operates his dial,
ralsing the wipers to the third level and
establishes connection’ with the second selec-
tor IS, The dial is again operated to raise
the wipers of the selector E’ to the third
level, establishing connection with a rotary
connector M”. The dial is now again oper-
ated twice, first to raise the shaft to the sec-
ond level and then to rotate it one step to
switech the wipers into this level. In this
level the rotary connector picks out an idle
trunk terminating in the tollboard L*. This
lrunk terminates at the board I* in a jack ¢®

exactly like the jack ¢ (Ifig. 12). " Upon
receiving the signal the tollboard operator

answers in the usual manner (ax when the
plug 6% was inservted in the jack ) through
the cord cirenit N+, which cord cireuit is ox-
actly the same as the cord eivenit N2 (Fg.
12). It will be understood that sinee the
cords N2 and N* are identical, the reference
charvacters used for cord N2 will be used as

reference characters for the cord N4, Upon:

ascertamming the number desived, thd opera-
tor then completes the eall as usual by plng-

gmg nto the multiple jack of the desired

Ime, just oy the plug 4* of the cord N was
inserted in the jack o* of the line A', The
stitbseriber A s then signaded and the sub-
seribers left to communieate wich ench other.
When the subseribers are throush talking
the calling subseriber, by hanging ip  his
recerver, refeases all the automatic switehes
and thereby gives the operator at (he cord
N* the disconnect signal.
g up his recetver the ealled subseribor
wives  the operator the disconnect sigrnal,
wherenpon  the operntor takes down the
cord.  If the subseriber A desires connec-
Lon with ane of the subscribers in the pri-
vate branch exchange 175 (g 3}, as. for
example, with subseriber A™, connection is
established with e tollboard operator I
by enlling the number 3321, ax in the previ-
ous mstance.  Upon receiving the <ignal the

operator ascertiuns the number  desived.
Upon learning  that  (he  subseriber AP,

#3321 -0 of the private branch exchange
FF s desired, <hie extends connection to a
cord N* at the board 15, which cord (s ex-
aetly Tike the cord N* (Ifie 13). As usual.
this cord is assighed over (he order wire
(Ies. 12 and 13), and connection is ex-
tended by inserting the plug 4% in the juek
et s dast operntor then completes the
connection with snbseribor A% by iserting
the plug 4% 10 the jack % of (he desired sih-
secther. “Phe telephone and line equipment
of the sabseribers A and A" are also the
~stes - When the operator plugs into the
Jack < non-grounded battery s sapplied at
the sleeve 310 which attery eanses the pe-
v 211 o caergize,. This relay upon ener-

Also, upon hang-.

1.G

gizing presses the springs 315 and 316 into
contact, thereby supplying ground to tl »
private nornml conduector 317 for making
the line A% busy to all other local subserib-
ers.  This ground connection to the conduc-
tor 317 causes the bridge-cut-off winding
318 of the line switch C? to energize, where
upon the bridge-cut-off armature 319 is at-

tracted, rendering the line switeh (* in-

operative for the time being, After the sub-

scribers are through talking, if the calling
subseriber hangs np lis receiver he releases
the automatic apparatus and therefore
breaks the connection to the tollboard I.4.
The operator thereupon receives the discon-
nect stgnal on the calling side of the cord
circutt N* (see lamp 320 at the cord N, |NTES
12).  When the called subscriber hangs up
he m turn gives the A-operator at the board
L4 a disconnect signal in the usual manner
by lighting the lamp 321 (IFig. 12) at the
A-cord N* through the B-cord N* at the
branch exchange 1.5, When the operator
sees both signals she tukes down the cord
N*, thereby giving the operator N° at the

exchange 1.5 the disconnect signal in the

usital manner through the mp 329, Upon
receiving this signal the B-operator takes
down the cord N5 1f the subscriber A
wishes to call one of the subseribers ot the
mannal boavd 1L* (1. 3) whose lines tormi-
nate directly in the board 1.8, he ealls the
toll operator L as before.  Upon recerving
the signal the toll operator answoers througeh
the cord N7, for example, and upon ascer-
tamning  the subseriber  desived.  subseriber
AT HBR2 - nl for example. she plugs into
the nimltiple jack ¢ (exactly like the jack
') at the tollboard Lt It wi]l also he
tnderstood that the equipment of the sub-
serther A g the same as the equipment of
the subseriber A'™ shown in Fig. 12, and it
will alse be understood that this stthseriber,
as well as all other subseribers of the same
kKind. have multiples not only in the bonrd
A but also in the board Lo, ax indieated in
Fig. 3. .. |

If the subseriber A wishes to establish
connection with one of the mannal sub-
serthers i e, 3 associated with the board
LA the Dines of vhich terminate in line
switches in district apparatus, the subseriber
AT FESS2L n, for example, he establishes
connectton with the tollboard 1.% as hefore.
Upon receiving the signal at the jaek ¢
(19¢. 12) (he operator answers the enll
(hrongh the cord N*_ for example, and upon
ascertirning that the subseriber A7 is de-
stred she extends the call {hroueh the Jaelk
' o the secondary swateh O (Fies 16) il
(o the cord N5 The rvesuli is (he SHETITCRSTE
when the plug 24 of the cord N# e ihserted
i the jack o' which i as follows: Upon s
serlingr the plag A into the fack < (e 15)
Lhe sceondary line switeh €' is operalad Lo
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establish connection with a trunk running to
the board L7 (Fig. 3). The line switch C*
1s operated by the energization of the pull-
In magnet 323. The encrgizing circuit may
be traced from ground G¥ (Fig. 12)
through the coil 324, conductor 325, sleeve
326 of the plug 2%, sleeve 327 of the jack ¢'°,
conductor 328, through the magnet 323,
springs 3829 and 330, through the springs
331 and 332 to the battery lead 21, thence
through battery to ground G2. The pull-
m magnet 323 upon energizing forces the
bank springs 333 and 334, springs 335 and
336, springs 337 and 338 and springs 839
and 340 into contact. At the same time the

‘relay 328 shifts the spring 329 which it con-

trols from the spring 330 and into engage-
ment with the spring 341. Tt will be seen
that by this operation of the spring 329 the
energizing circuit of the magnet 323 1s
shifted, so that the connection from the
spring 329, instead of going directly to bat-
tery, passes through the resistance coil 342
before reaching battery. The object in
throwing this resistance 342 is to cut down
the amount of current through the coil 323
after it has once pulled up. It should be
stated that the springs 330, 329 and 341 are
so adjusted that the spring 329 engages the
spring 341 before it leaves the spring 330.
The energizing circuit for the magnet 323,
as shown, includes the relay 324. This re-
lay energizes in series with the magnet 323
(:fy the secondary line switch C* and, upon
energizing, presses the springs 343 and 344
into contact for lighting the back supervi-
sory lamp 321. It is to be understood also
that the switch C* as well as all other simi-

" lar switches in the same group (see group ¢,

Fig. 3) are controlled by the same master
switch H” (not shown in Fig. 3). The
master switch H’, of course, maintains the
switch C* opposite an idle trunk line while
the switch C* is not in use. In this par-
ticular instance it is assumed that the par-
ticular trunk line held for the line switch
C* at the time it is operated, as described,
was the trunk line the conductors 345 and
346 of which are shown in Fig. 15_and it is
also assumed that at the time the switch
C* operated, the master switch wiper was
resting on the contact 347 of the master
switch bank, which contact corresponds to
the trunk line last referred to. Under
these conditions it will be seen that when
the bank springs 337 and 838 are pressed
mnto contact an energizing circuit is closed
through the relay 348 from ground G2

~through the springs 338 and 337, through

the contact 347, master switch wiper 349
and segment 350 to the relay 348, thence to
battery. The relay 348 upon energizing in
turn closes an energizing circuit for the re-
lay 351, which relay upon energizing un-
locks the plunger chaft, as a].gr-laady ex-

1,270,277

plained in connection with the master switch
H shown in Fig. 4, and closes the ener-
gizing circuit for the motor magnet 35,
In this manner the master switch H” is oper-
ated and contmues to operate until it finds
another 1dle trunk line in the sane group.
Like the hanks of the other line switches 1n
this system the bank of the Iine switch O+
15 provided with ten sets of bunk springs
sanilar to the set 533—340, as indicated at
Rin Ifig. 15, As indicated at R, the spring
333 of the set shown (333—340) is con-
nected with a spring in the adjoining set,
sinilar to the spring 336 of the set shown,
sald spring being indieated by the number
903 ; likewise, the spring in this second set,
indicated by the number 3354 and corre-
sponding to the spring 335 of the set shown,
and so on. In the last set the spring 356
corresponding to the spring 335 of the set
shown 1s connected to ground. With this
arrangement, therefore, 1t will be seen that
when all of the trunks are in use the spring
336 ot the set shown will be grounded, and
the relay 357 will, therefore, become ener-
xized. Upon energizing, this relay presses
the springs 358 and 359 into contact, as «
result lighting all of the lamps 360. Tt
should be explained that one of these lamps
15 provided at the board of every operator
who has access to the trunks of the group ¢
(Fig. 3), and will indicate to this operator

70
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that she should not plug into the jack cor-

responding to this group. Tt is obvious that
as soon as at least one of the ten trunks is
cleared, all of the lamps 360 will go out
again. By the closure -6f connection be-
tween the springs 333 and 334 on one side,
and the springs 339 and 340 on the other,
the talking circuit is extended from the

line switch C* to the B-board circuit N 8

which 1s the same as the cord N’ (Fig. 16)
with the exception that in this case the con-
ductors 605, 606 and 607 of the cord N’
terminate in the springs 333, 339 and 38387
(Fig. 15), respectively. As soon as the
springs 337 and 338 close, the relay 265 (Fig.
16) 1s energized and the operator signaled,
as already explained. Upon receiving the
signal the operator inquires for the number
desired and completes the connection with
the desired subscriber as follows: She in-
serts the plug of the cord N¢ (see the plug 52
of the cord N’, Fig. 16) into a jack ¢
(Figs. 3 and 14). A line runs from this
Jack to a connector F?. This connector is
in all respects the same as the connector F
(Fig. 5). The operator then throws the
key . d° (Fig. 16), thereby connecting her
calling device with the connector F°®. The
operator then, by operating her calling de-
vice, completes the connection with the de-
sired subscriber A", the number of which
subscriber may be any number of two digits.
When the conversation is completed the call-
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up his receiver,
causes the switches C, D, I&” and M’ to be re-
leased. The release of the connector M’ de-
stroys the energizing circuit of the calling
supervisory relay (relay 277, Fig. 12) of
the cord N* at the manual board L¢ The
relay 277, upon deénergizing, removes the
shunt from the lamp 320, causing it to glow
and -thereby give the operator a disconnect
signal. The operato. thereupon removes
the plugs 4* and 5*. The removal of the

plug b* releases the switch C* and causes
the calling supervisory relay of the cord N°
(relay 264, Fig. 16) to deénergize. The re-

lay 264, upon deénergizitig, removes the
shunt from the lamp 610, which thereupon
gives the B-operator a disconnect signal.
The renioval of the plug 22 restores the cord
N?® and permits the connector F® to release.

If the subscriber A? (Fig. 1) desires to
call the subscriber A (see Fig. 1) he re-
moves his receiver and operates his line
switch C®, thereby establishing connection
with a first selector D’.  Assuming that the
number of the subscriber A 1s 1320, the
first selector D’ 1s raised to the first level,
thereby establishing connection with the sec-
ond selector 3. The second selector is then
raised to the third level, establishing con-

nection with the connector F°, which con-

nector 1s then operated to reach the desired

lne #1320, After extending connection to
one of the switches in the central office, such
as the first selector D’, the subscriber A?
may set up a connection with any of the
other subscribers in exactly the same man-

ner as connection was completed between
subseriber A and the other subscribers.

It the subscriber A? desires connection
with the subseriber A the operation is a little
different. Referring to Figs. 1, 7 and 8,
when the subseriber A® (Ifig. 7) removes his
receiver he operates the line switch C¢ the
saume as nsual, but 1nstead of -establishing
connection directly with the first selector, as
heretofore, commetim‘_ 15 establhished with a
trunk having associated with it a special con-
nector switch F* (g, 8) and a seeondary
line switeh C7. It will be seen that in the
district exchange, where the hine of sub-

seriber A? termnates, the line switech C° is

located 1n one gronp, while the secondary
Iine switch C7 18 & member of a separate
group. Further, 1t will be seen that the
master switches controlling these two groups,
namely the master switches H? and H? (not
shown i Fig. 1 but shown in Ifigs. 7 and
8), are associated in a particular manner,
as will more fully appear. - When the line
switch C® gperates, the springs 505 and 506
are pressed into contact, as well as the

. springs 507 and 508, the springs 509 and

6o

510 and the springs 511 and 512. The clo-

sure of contact between the springs 509 and
510 performs the usual function of driving

for the purpose of bridging the coil 522

-operating the secondary line switch

4.7

the master switch H? on, and in this case
supphies ground to the conductor 513 which
leads to the connector F?. The closure of
contact between the springs 507 and 508 con-
nects the bridge-cut-off winding 514 of the
line switch C® with the conductor 515, also
running to the connector F7. The closure of
contact between the springs 505 and 506 on
one side, and the springs 511 and 512 on
the other side, of the talking circuit operates
to energize the line relay 516 of the con-
nector I, This line relay is much the same
as the line relays of the connectors already
described. Upon energizing, this relay op-
erates to shift the spring 517 from the spring
618 and 1nto engagement with the spring
019, and at the same time presses the springs
620 and 521 into contact. The closure of
contact between the springs 520 and 521 is
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85
across the conductors 523 and 524 leading to
the secondary switch C?, whereby when the
secondary switch C? operates and extends
conntection through the conductors’ 525 and
526 to a switch at the main exchange, such,
for example, as the first selector D} (see the
first selector D, Fig. 4), the switch at the
end of the trunk line at the main exchange
may be prevented from releasing after it has
been operated. Furthermore, thesé springs
are for the purpose of operating the said
first selector and any of the switches with
which connection may be established through
the conductors 523 and 524. In other words,
the line relay 516 at the connector F7 is in
the natureof aline relayin a repeater, and the
springs 520 and 521 aretothe repeating appa-
ratus what the springs 4 and 5 are to the
telephone A (Fig. 4), The closure of con-
tact between the springs 517 and 519 per-
forms the function ¢f energizing the: slow-
acting relay 527, which relay in turn per-
formns the double function of maintaining
the bridge-cut-off winding 514 of the, line
switch (C° energized for holding the line
switch C° 1n connection with the trunk con-
ductors 528 and 529, and of tripping or
_ . The
energizing circuit for the relay 527 is as fol-
lows: Starting from ground 22 at the line
switch C° (Fig. T) the current flows.through
the dank springs 509 and 510 to the con-
ductor 513, thence through the line relay.
springs 517 and 519 vo and through’the slow- .
acting relay 527, thénce through the springs 120
531 and 530 of the relay 532 to the conductor
533, thence through the springs 534 and 535
of the master swytch H?* to the battery lead
21. 'The relay 527, upon energizing, presses*
the springs 536 and 537 into contact, thereby
closing a circuit. by way of the conductor
515 througl. the bridge-cut-off winding 514
of the bne switch C° already referred to.
At the same time an impulse is sent through
the conductor 538 from ground G2*+for en- 130
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lay of the first selector Do,

through the springs 552

18

ergizing the operating magnet 539 of the
secondary switch (7, After leaving the con-
ductor 538 this ground Impulse passes
through the springs 541 and 540 of the relay
232, thence through the conductor 549 and
through the springs 548 and 244 of the line
switch C7, and through the magnet 539 to
battery. When the magnet 539 operates, the
spring 544 is separated from the spring 543,
which in turn leaves the spring 545. This
spring 544 is then carried into engageinent
with the spring 546. The object in sepa-
rating the springs 543 and 545 when the sec-
ondary switch C? gperates is to prevent the
release relay 547 of the connector F7 from
energizing, which relay, by remnaining de-

circuit of the vertical magnet 548 open. The

object of this arrangement is to prevent the

connector switch 7 from operating while
the line relay 516 is acting as a repeater,
and operating the apparatus with which the
secondary switch C' has made con’ ection.
The connector F7 is for the purpose of estab-
lishing local connections, and when a local
connection is to be made the secondary
switch C7 automatically releases, in a marn.
ner to be explained. It will be seen that,
upon energizing, the secondary switch (7
extends the talking circuit from the con-
ductors 523 and 524 to the conductors 525
and 526 by carrying the springs 549 and
900 1nto engagement on one stde, and the
springs 551 and 552 on the other side,
the same time the springs 553 and 554 are
carried into engagement, as well as the
springs 555" and 556. The closure of con-
tact between the springs 555 and 556 has the
effect of advancing the master switch HB3,
Just as explained in connection with the line
switch C°. As soon as the eircyit 1S ex-
tended from the conductors 523 and 594 to
the trunk conductors
relay of the first selector switch in which
these trunk conductors terminate pulls up,
and at the same time the relay 522 at the
connector F* pulls up in series therewith.
Assuming that connection has been extended
to a first selector D5 (see Fig. 1), the relay
022  will energize in series with the line re-
In order to sim-
plify the drawings, reference will be made
to the first selector D (Fig. 4) whenever any
detailed description of the se ector D" is nec-
essary. Furthermore, the numerals already
applied to the selector D will be usod. With
this understanding, then, it will be seen that
the springs 550 and 552 of the secondary
switch C* (Fig. 8) will coincide with the
springs 31 and 37 in I'ig. 4. The energizing
circuit, therefore, to which reference Was
last made may be traced as follows: from
ground througlh one winding

G* (Fig. 4)
of relay 57 to the conductor 500 (Fig. 8),
and 551, conductors

-of the slow-acting

energizing

At

525 and 526, the line

lne relay 516,

- 572 and
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524 and 557, springs 520 and 521 of the re.
lny 5186, conductor 558, coil 522 to the con-
ductor 528, springs 549 and 550, conductor
025 (Fig. 8) to the coil 57 (Fig. 4), thence to
battery.” As soon as his cireuit is established
the relay 529 energizes and shifts the spring
999 from the spring 560 and into engage-
ment with the spring 561. By separating the
springs 559 and 560 the energlzing circuit
relay 562 just to the left
of the relay 522 is opened for the time being,
while.the closure of circuit between tho
springs 559 and 581 energizes the coil 532
and locks the pull-in magnet 539 of the sec-
ondary switch (7 in an energized circuit,
holding it there, Upon thus energizing, the
relay 532 shifts the spring 531 into engage-
ment with the spring 563, thereby shifting the
energizing circuit for the slow-acting relay
527 from the control of the master switch H?
by way of the conductor 033, thus making it
impossible for the master switch to inter-
fere with the action of this relay 527 as
long as the relay 532 is energized. By shift.
ing the sprin]% 541 1nto engagement with the
Spring 564, the relay 582 provides a locking
circuit for itself under the control of tha.
relay 527. The calline subscriber 1S NOW
ready to operate his dial to call the suly-
scriber A, whose number is 1320, At the
first operation of the dial one mpulse is
transmitted, and the line relay 516 of the
connector F7 operates once. In operating,
the springs 520 and 521 are operated once,
with the result that the relay 522 of the con-
nector I'" operates ence in synchronism with
the line relay 57 of the first selector. The
first selector
step, and then automatically
tablish connection witl, the
second selector E* (Fig. 1), for example.
When the relay 522 at the connector F7 op-
erates 1n this instance, it energizes the slow-
acting relay 562 by sending a flow of cur.
rent from ground G2z ( IF1g, 7) at the line
switch C¢, thence through the conductor 513
and through the springs 517 and D18 of the
through the springs 559 and
200 of the relay 522, to and through the
slow-acting relay 562 tq battery thro-oh the
bank springs 553 and 554 of the sie ndary
switch C?. This relay 562 upon energizing
opens the circuits of {he condénsers 565 and
506, and at the same time short-circuits one
of the windings of the relay 522 thereby re-
ducing the resistance in the operating circgit
of the first sclector. The former operation
I regard to the condensers js performed
through the medium of the springs 568, 569,
570 and 571. The second operation is per-
formed through the medium of the springs
573. The subscriber is now ready
to operate his dial for the second time for

rotated to es-
second selector,

‘the digit 3, operating the apparatus gt the

connector K just as in the ast 1nstance—
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that 1s, for the digit 1—the only diffemnc"e

being that now the second selector is oper-
ated 1nstead of the first selector, and in the
same way, after connection is extended to
the desired connector, the remaining im-
pulses are transmitted. It will be under-
stood that after each series of impulses the
relay 562 of the connector F7?
falls back. It is obvious that the operation
of extending a connection to any other sub-
seriber in the system is the same as the op-
eration described in connection with the sub-
scriber A, after the connection has been ex-
tended .to the first selector. It will be seen
that while the impulses are being transmit-
ted, the secondary switch C” is held in aqper-
ated condition by the see-saw action of the
line relay 516 and the relay
while these relays are deénergized the pull-
in magnet 539 is held by the ground G2z at
the line switch C® (Fig. 7), and while they
are energized the magnet 539 is held by the
ground G*.  After the subscribers are
through talking, if the calling subscriber
hangs up his receiver the line relay 516 of
the connector F7 deénergizes, and as one
result the spring 517 separates from the
spring 519 and returns to normal. By thus
separating, these springs break the energiz-
ing circutt of the slow-acting relay 527.
This relay, upon deénergizing, permits the
springs 536 and 537 to separate, thereby re-
moving ground from the trunk conductor
015 and permitting the line switch C* to be
restored. As soon as the bank springs 509
and 510 disengage at the said switch C° the
ground 1s removed from the trunk conductor
013, and as a result the magnet 539 of the
switch C7 deénergizes, together with the
relay 512. Upon falling back the line relay
016 at the same time separates the springs
020 and 521, thereby causing the release of
the first selector and of any other switches
to which connection may have been extended

therefrom., Obviously, then, when the call:

ing subscriber hangs up his receiver all of
the apparatus is restored to normal. Al-
though the subscriber A% may eall another
subscriber In the same group by going
through the main exchange, the connector
F" and other such vconnectors associated
therewith are provided, whereby the sub-
seriber A® may call another subscriber in the
same group. subscriber A% (Ifig, 1), for ex-
ample, by a direct connection as follows:
It should now be explained that the sub-
scribers in the group to which the subscriber
A® belongs must have two numbers. They
must be known by one number to all sub-
scribers not in that group, while these sub-
scribers must know each other by a different
number—that 18, the subscriber A® cannot
call the subscriber A%t by the direct connec-
tion indicated if he calls the same number
that the subscriber A would call to get sub-

that purpose,

522—that is,

the same group with the first selector 1)*

explained.

19

scriber A%, To the subscriber A, and to all
other subscribers not in the sume group with
the subscriber A3, these last subscribers are
i the 3200 group; but for the purpose of

direct connection these subscribers are known

among themselves by riumbers in the 500
group, for example—that is, this number
500 1s arbitrarily selected in this instance for
ssuming, therefore, that the
local number for the subscriber A2¢ is 520,

the operation is as follows: In making the

call the calling subscriber A® removes the
receiver gnd operates his line switch C® and
obtains connection finally with the first selec-
tor D° (Fig. 1) through the secondary
switch C?. The subscriber is then ready to

operate his dial for the digit 5, raising the
shaft and wipers of the first selector D® to

the fifth level. It should now be explained
that all of the contacts on the fifth level of

the first selectors in this group—that is, in

are open; and when. the first selector D? is
raised and rotated into this level, this first
selector I)X* as well as the secondary switch
(" automatically release as follows: As soon
as the side switch of the first selector D
passes to third position the relay 522 in the
connector I7 deénergizes for the reason that
the trunk {:{mglucturs 525 and 520 now ter-
minate in an open circuit. As a result this
relay permits the spring 539 to disengage
from the spring 561, thereby breaking the
encrgizing circutt of the pull-in magnet 539
of the secondary switch 7. The result is
that the switeh C7 is restored. The calling

subscriber is now ready to operate his dial

for the second digit 2. In doing so he oper-
afes the lme relay 516 twice, thereby send-
1ng two 1mpulses through the vertical mag-

net 548 as follows: from ground (G?2 at the

line switch C¢, conductor 513, springs 517
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and 518, conductor 574, springs 575 and 576 -

(which are now in contact, since the relay
547 is now energized), slow-acting private

magnet relay 577, vertical magnet 548, side

switch wiper 578 to battery. It will be
understood that the relay 547 becomes eper-
gized as soon as the pull-in magnet 539 of
the switch C7 deénergizes and permits the
springs 544 and 545 to engage, as previously
The magnet 539 is not opera-
tively energized in series with the relay 547

on account of the comparatively high re-
sistance of said relay.

The 1impulses thus
transmitted to the vertical magnet 548 oper-
ate to raise the shaft and wipers to the sec-
ond level 1n the usual manner; and as soon
as the last nnpulse is transimitted the private

magnet relny 577 deénergizes, permitting the
side switch to pass to second position.

It
will be seen that at the instant the relay 577
18 energized, the springs 579 and 580 close
an c¢nergizing circuit’ through the private

magnet 581. The private magnet, of course,
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draws upeand remains in readiness to trip
the sule switeh ta second position as soon
as the relay 6577 releases it, The subscriber
15 now ready to operate his dial for the
fast digit 0, at-which tinie be sends in ten
impulses.  These impulses, of conrse, op-
erate the line relay. 316, which in turn
operates the rotary mnagnet %2, The ro-
tary rngnet 582 is energized in series witl,
the privade magnet velay 577 just as the

~verticnl maghet 548 is energized, and it fol-

lows that the private nugmet 581 1s again en-
ergized as soon as the impulses begin to come
in,  After all of the (impulses have come
in the velay 577 deénerdizes and the private
magmet H81 permits the side switch to pass
to thivd position. As soon as the side switch
sses to third position the ringer relay 5§83
{Jegins to operate under the action of the in-
tarrupt&r'584_. As ‘a result the called sub-
scriber is automatically rung, periodically,
by the ringer generator 585. When the
called subseriber answers, the double-wound
back-bridge coil 586 energizes, one of its
functions being to separate the springs 587
and 588, thereby removing a short-cirenit
Trom across the relay 589, which thereupon
energlzes and opens the energizing circuit
of the ringer relay 583. The ehergizing cir-
cuit of this relay 589 is the same cireiit,
which maintains the coil 547 energized. In
other words, these two coils ara energized in
series as a result of the line relay 516 being
energized—that is, as a result of the SPrings
218 and 519 being in contact, and also as a
result of the pull-in magnet 539 of the line
switch 7 being (eénergized. 1t the called
subscriber had been busy the connector
wonld have been locked on a busy line with
the side switch in second position, just as was
described in connection with the connector
I (Fig, 5), giving the calling subscriber the
busy signal.

I1 the subscriber A* should desire to estab-
hish connection with the subscriber A the
operation is as follows: He removes his re-
cetver and signals the operator by energiz-
g the relay 590 (I'ig. 9) and lighting the
lamp 791, The operator responds by insert-
mg the plte b into the jack ¢’ and ascer-
taining the number desired. Upon being
given the number of some subseriber with
whom connection must be made throuch the
main exchange, the operator throws the key
@° and inserts the plug &’ into a suitable jack
¢'t (see Fig. 1), the trunk runnmng from
which terminates in the line switch C8 in all
respects sunilar to the line switch C (Fig.
4). The line switch C® is operated and con-
nection is extended to

tion a first selector D3,
which is operated in the usual manner, The
Jack ¢'! is, of course,

a simple two-conductor
The line switch is automatically
tripped, of course, as soon as the Jack is in-
serted, as described above, since the act of

1,270,277
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throwing the key ¢° has thrown the tele-
phone
The subscriber then proceeds to make his
own call antomatically, the eondensers 246
of the cord N (Ifig. 9) having been shoyt-
cirenited by the operator upon throwing the
key d°.  The subscriber may then complete
his call in the same manner as above ex-
plained for the other subseribers.  After the

sithseribers are through talking the calling
sibsceriber A4 habngs up hLis receiver. e

gives the operator the disconnect sternal
through the Tamp 243, at the same tine re-
leasing the connection. I the subseriber A
desires to obtain connection with another
subseriber through the main exchange, the
operation would be almost the sune, with the
exception that the operator would have
thrown the key @ in the reverse direction,
thus leaving the condensers 216 in (ho Clr-
cutt, and bridgine he alling  device ¢
across the me.  The operator then procecds
to estublish the connection herself.  When
the subscriber answers, the key o 1s restored,
leaving the subscribers connected. A fter the

subseribers are throngh talliimg the operator

will receive the disconnect stenal when the
relay 244 detnergizes. 11 all the substations
al. the board 1 are manual, the cord N2 (1%1e,
12) can be used instead of the cord N with
corresponding line-signaling apparatus,

H the subscribor A® l]:t{r{le*&-sirwl CONNEC-
tron with the local subseriber AS (I1es, 1
and 9) the connection would, of coulse, have
been  completed by  the local operator
through the medinm of any smtable cord
cireuit, the cord circuit N7, for instance.

11 the subscriber A® (Fig. 1) wishes to
niake a call the operation is Just the same as
when the subscriber A is calling.

If the subscriber A® (F 1g. 10} wishes to
make a call through the main exchange he
removes his receiver and signals the O]Pera-
tor through. the medinm of the relay 592 and
the lamp 593. The operator inserts {ho cord
N*® and ascertains the number desired. Had
the number desired Leen that of a Jocal sub.
scriber, such as the subscribers A® o As,
for example, the connection would huave been
completed with the cord N*®: but since the
call 1s for some other subseriber the operator
inserts the plug ° of the cord N® into the
jack ¢ As soon as this is done the relay

994 pulls up, and by clogsing the contacts 595

and 596G, and at the same fime tlo contacts
597 and 598, the calling subscriber A? ig
given a through connection, whereby lie
may complete his own call. After the con-
nectron is completed the callmg subscriber
hangs up his receiver and hreaks the ener-
gizing cireuit of the relay 599. Upon fall-
Ing back, this relay closes an energizing cir-
cuit- through the lamp 600 from ground (x?°
(Just above the relay 594) through the ar-
mature 601 and armature 602 to the lamp

of the subscriber A* across the I Ine.
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600 and to battery. Upon receliving the sig-

nal the operator withdraws the cord. It is
understood that the act of hanging up by
the calling subscriber also releases the cen-
tral office apparatus. It will be seen that

with the equipment provided at the branch

exchange (Fig., 10) contamning the sub-
seribers A? and A% those subscribers pro-
vided with manual equipment cannot make
calls, to the central office. Even should the

operator attempt to establish such a connec-

tion she will find 1t 1mpossible to do so, for
the reason that the relay 594 cannot be ener-
aized when inserted into the jack of the
subscriber A,

If the subscriber A (IFig. 1) wishes to
make a call he removes his receiver and op-
erates the line switch C® This line switch
C? is in all respects like the line switch C3
(Fig. 11). Also, it may be stated that the
telephone and line equipments of the sub-
seriber A" (Fig. 1) are the same as those
of subscriber A (Fig. 11}, with the excep-
tion that the bank contacts 641, 642 and 630
may be omitted; and in desarlbmg the op-
eration of the fe]ephf)ne A reference will
be. made to TFig. 11. The line switch C°,

“-npon operating, extends connection to a fir 5t
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selector D* (Fig. 1), in all respects like
the selector D (Fig. 4). From thence on,
the operation 1n establishing counnection

1th any other subscriber is the same as that
d scribed in connection with the calling sub-
scriber A. .

eferring to Fig. d if the subseriber A
wishes to call any of ‘the subscribers whose
lines terminate directly in the boards 1.2 ard
I* (subscriber A'), for example, the corn-
nection is set up by the operator at thi
bourd I.* over the normals indicated by the

cable 603, If the subsceriber A'* had dwu'{l _

to cstablish connection with another sub-
geriber whose line terminates only in the
‘board 14, subscriber A*°, for example, the
connection would be made over the normals
indicated by the cable 604, Had the sub-
scriber A'™ desired to GSfﬂ,}]l]‘wh conneceion
with the subscriber AY, hig operator would
signal the operator at the evchange L° over

50 an ovder unu Q (indicated in g, 15 but
st shown in Fig. 8) 5 and after havmrr been

55

60

65

assighed a lrlml{ the connection 1s o\:t(=nd~
ed Lo llm exchange IS thrbugh cords simi-
lar wo L Sords Nt and N’ (I*I""-: 12 and 13),
whercupon the operator ui thé-exchange L°
will complete the conneetion, In a manner
already explained, through the medivm of
the cord N°. Had the subseriber A desired
(o establish connection with the subsceriber

A the operator at the board LA after being

signaled, w mlld exh md the sulm Q2 1her’s Ilne

lhmugh the juck ¢ (Figs. 3 and 13), for
vmmple thr mwh 4 sccondary switch C'ion

cord N (l* 1. ), for example, similar (o the

cord N, In a manner aluady explancd.

The operator at the board L7 then completes
the connection to the subscriber A" in the
same way as when subscriber A called sub-

seriber A, If the subscriber Af* desives to
establish connection with one of the sub-

seribers whose lines terminate in the hoard
1%, he removes his recetver, signals the op-
erator at the board L* and the operator,
through the medium of a cord N* similar to
the cord N? (Fig, 12), ascertains the num-
ber desired. After learning that the sub-
seriber A destres connection with the sub-
seriber A% the operator at the board 1.t 1n-
serts the plug &* into the jack ¢ (Kig. 3),
stmilar 1n all respceets to the jack ¢ the

line running from which terminates in a

secondary switch (' of the group g2 This
secondary switch C' 1s in all respects the
same as the secondary switch C* of the
group g, and when it operates 1t extends
connection through one of the trunks in the
cable 611 to a B-cord N at the board LA
This cord N is in all respects the same as
the cord N’ (Ifig. 16). Upon recetving the

signal, by the operation of the relay 265 and

ltghting of the lamp 266 of the cord, the op-

erator completes the connection with the de-
sired subscriber A (Ifig. 12) in the usual
manner. When the conversation is completed,
the called subscriber, by hanging up his re-
ceiver, breaks the circuit of the relay 608,
which latter falls back and lights the A-op er-
ator’s lamp 821 (Wig. 12), giving the discon-
nect sienal. Of course, when the A-operator
withdraws the cord cireuit N* from the

trunk the secondary switch C* is released,
and the relay 264 at the cord circuit N’
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(FFig. 16) decnergizes, thercby removing the

shunt from around the lamp 610 and per-
milting this Inmnp to Light. As soon as the
B-operator recetves the signal she also with-
draws the plug % and restores the cord cir-
cutt. In a similar manner connection might
have been made with the sub«ac,rlher At at
tha board I Tt is obvious that in both
cases the act of inserting the plug of the B-
cord into the desired line will operate to
energize the cut-off winding (see the wind-
ing 287 and the winding 3805 shown in Mg,

14) of the line switch €% If the subscriber

A" wishes to call one of the subscribers at
the tollloard 12 (IFig. 2), saubscriber Al
for example, the operation 1s as follows:
Upon removig his receiver the subscriber
A osignads the operator at the board LA,
This operator plugs in with a cord N*, for
(“'{anl(‘, e ‘he alling lie and aswr-
{ains the number destred, wal as i the last
instance where sibseriber A ealled sub-
seribers A MH] A The operator then
plugs into the juck o and thereby extends
connection (o Lht* cord N of the board L2
{hrough One of Ih" secondury switehes of

tli'[l ”']1]”'] 4’7 (li 1”" } S IYL UH{LIIY H‘Vlt{}l (_"II'I' |

for example. Upun ascertaining that the stib-
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scriber desired is at the tollboard L2, the op-
erator at the board L3 inserts the plug of
the cord N** (see plug &%, Fig. 16), which 1s
identical with the cords N° and N’, into the
The jack ¢*, 1t
should be explained, is identical with the
jack ¢** (Fig. 15) and, upon inserting the
plug & (Fig. 16) into the jack ¢*® a second-
ary switch C'* of the group g° is operated
to extend connection to a second B-cord N*2,
in all respects similar to the cords N°® and N°
Figs. 8 and 13). The operator at the board

, upon receiving the signal, ascertains the
number desired and finally plugs into the
line of the desired subscriber A/, The re-
lease here is the same as in the previous 1n-
stance. If the subscriber A% desires to es-
tablish connection with any one of the sub-
scribers in the automatic exchange (Fig. 1),
the ‘operation is as follows: He signals the
operator at the board L¢ who answers
through the medium of a cord circuit N*,
for example; and upon learning that an au-
tomatic subscriber in Fig. 1 is desired she
inserts the calling end of the cord N* into

the jack ¢*%, for example. By doing so con-

nection is extended by way of one of the con-

30

ductors in the cable 612 to one of the line

switches in the 4300 group, the line switch

C2, for example. This line switch, upon
operating, extends connection fo the first se-

~ lector D4, for example. From this point on

the operator at the board L* may extend the

. connection to any subscriber desired by op-

40

erating her calling device after throwing
her calling key. %See key d*°, Fig. 12).
When the calling subscriber hangs up he
signals the operator I, who restores her
cord and automatically restores all the ap-
paratus. | -

If the subscriber A (Fig. 2) at the toll-

board L2 wishes to call another subseriber of

 the same tollboard, subscriber A? for ex-
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‘ample, the operation is the same as when
the subscriber A!* calls the subscriber A2

at the tollboard L* (Fig. 3). If the sub-
scriber A!' wishes to call any subscriber at

the board L#, subscriber A%, for example,
gnals the

the operation is as follows: He si
operator at the tollboard L#, which operator
answers throngh the medium of the cord N*
(Fig. 12). The operator then inserts the
other end b* of the cord into the multiple
¢'% of the desired subscriber, which multiple
is contained in the cable 280*. Had the sub-

scriber A'* been called the operation would

have been the same.

¥

If the subscriber A wishes 'to establish

 connection with one of the subscribers at

the board L#, the line of which subscriber
terminates directly in this board, subscriber
A for example, the operation is as follows:
The subseriber A removes the receiver, sig-

nals the operator at the board L? who an-

swers through the medium of the cord N2

1,270,277

Upon learning the number desired the oper-
ator inserts the plug b* of the cord N? into
the jack ¢'¢, which 1s in all respects the same
as the jack ¢° (Fig. 15.) As a result one of
the secondary .switches, switch C'*, for ex-
ample, of-the group ¢* is operated, extendin

connection through one of the conductors o

the cable 613 to a B-cord, cord N'¢, for ex-
ample, at the board L& This cord N 18
in all respects similar to the cords N°® and
N’. Upon learning that the subscriber A
is desired the operator completes the connec-

tion by plugging into the jack ¢'* of the de-’

sired subscriber (see Ifig. 12). When the
snbsecribers are through talking the A-oper-
ator is given the disconnect signal in the
usual manner, which operator then takes

“down her cord, thereby giving the operator

at the board Le¢ the disconnect signal. This
second operator, upon taking down her cord,
restores the remaining apparatus. - Had the
subscriber A!'! desired connection with one
of the subscribers associated with the board
L* (Fig. 8), the line of which terminates 1n
one of the district stations L, such as sub-
scriber A7, the operation is as follows: The
operator at the board L? is signaled and she
responds by again plugging into a jack, such
as the jack ¢*%. A secondary switch, such as
the secondary switch C%, is operated, there-
by extending connection to the board L°
and to the cord N*%, for example.

inserts the plug of the B-cord N** into a jack
1%, extending connection to and operating
a second secondary switch, secondary switeh
C4, for example, of the group g, which 1n

Upon
Jearning the number desired the operator
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turn operates to extend the connection to the

cord circuit N¢ at the board I”. On receiv-
ing the signal the operator inquires the num-
ber desired and completes connection the
same as when subscriber A called subsoriber
A", When the calling subscriber hangs u

his receiver he gives the operator at the toll-
board L2 the disconnect signal. Upon tak-
ing down the connection this operator gives
the operator at the board L® the disconnect
signal, who in turn gives the operator at the
board L7 the disconnect signal. Upon tak-
ing down the connection the operator at the
board L7 automatically releases the connec-
tor F°., If the subscriber A!! desires to es-
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tablish connection with a subscriber at the -

tollboard L#, subseriber A'*, for example,

‘the operation is as follows: He obtains con-

nection with the cord N** at the board L#,
just as in the previous instance, through the
cord N2 Upon ascertaining that the sub-

seriber at the tollboard Lt is desired the

operator at the board L.® inserts the plug of
the cord N** into a jack ¢*°, thergby extend-

switch C'* of the group ¢° This jack ¢*
is, of course, the same as the jack ¢'?, and
the line switch C'* 1s the same as the line
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" ing connection to:and Gpﬁr&tiﬁ% a secondary
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switch (1, The line switch C'*, upon operat-
Ing, extends connection to a B-cord N5, at
the same time giving the operator at the
board 1.4 a signal.  The cord N'® is, of
cotrse, the same as the cords N® and N’.
Upon receiving the signal the operator eoni-
pletes the connection with the subscriber
A as desired.  If the subseriber A wishes
to establish connection with one of the sub-
scribers at the private branch exchange 1.7
(I1g. 3) the operation 18 as follows: The

~subseriber mitiates the eall and the opera-
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tor at the board 1.2 extends the connection to
the hoard L through the cord circuit N2,
the jack ' and the secondary switch €3 to
the cord N'™, for examiple. The operator at
the board 1.4 then connects the cord Ni#
with the juck ', for example, thereby ex-
tending connection to the cord N® at the
private branch exchange 1.5, UUpon learning
what number at the exchange A is desired

the operator at the exchange 1.5 plugs into

the jack * of the desired subseriber and
completes the connection.  (See Fig. 11).
After the subscribers are throngh talking the
disconnect signal is given in the usual man-
ner, as heretofore deseribed.  If the sub-
seriber A wishes to establish connection
with any one of the automatic subsecribers
shown in Fig. 1 the operation is as follows:
The subseriber signals the operator at the
tollboard 1.2 who, through the medium of
the cord N2 conneets the subsceriber A with
the jack e, for exanple.  As soon as the
operator estabhishes connection with this jack
one of the hoe switches in the 1300 aronp
(Fig. 1), the Line switch C%, for example, 1s
operated.  ‘This Tine switeh extends connee-
Lion to a first seetor, selector DS, for example.
IFrom this point on the connection is com-
pleted by the operator through the medium
of hercallingdeviee, ina manner alpeady ex.
plamed, for ealls fo the automatic exchange

Srom the hoard 1 (19, 3), H the subseriber

A (e 2) wishes to eall subserthor A3
(same higire) the connection is completed by
an operator at the board LA 0 the nsual man-
ner through the medium of the ordinary
cord. such as the cord N2 Tf the subscribor
A2 desires to establish connection with sub-
seriber AY (Fig, 2) at the tollboard 1.2 he
removes his recetver and signals the opera-
tor at the board L2 who, through the me-liunm
of a corid similar to the cord N2, asecrtains

the number desired and plogs into a jack,

such as the jack ¢#5, thereby extending con-
nection to and operating a seeondary switeh,
stich as the secondary switeh O, in the
group % Conunection 1s therehy extended
{ora B-cord, such as the cord N at the toll-
Lhoard 12, and the operator sienaled.
operiitor completes the connections in the
ustal manaer, ax already explaimed. When

Fhe subseribers are through talking the oper-

Ths

20

signal. If the subscriber A!'? wishes to es-
tablish connection with one of the subscrib-
ers 1n IFig. 3 whose lines terminate in the
board I.° subscriber A%, for example, the

operation is the same as the operation in |

alling the subscriber A, with the exception
that the operator at the board L3, instead of
plugging into the jack ¢*%, plugs into the
Jack %, for example, thereby extending con-
nection through the board L* by way of one
of the line switches of the secondary group
#*, sunilar 1n all respects to the line switch
("5, In this manner the operator at the
board L& is signaled at the cord N4, for ex-
ample. The aperator at the board L# then
completes the connection. When the sub-
scribers are through talking the operator
at the board I receives the disconnect sig-
nal. If the subscriber A2 desires to estuh-
lish connection with one of the subscribers
of the board 1.7 (Iig. 3), connection is cx
tended n the same manner to the board 1.,
and from the board I.* connection is ex-
tencled to the board I.7 by way of a secondary

hne switch of the group . for example.

The operator at the board 1.7, upon receiv-

ing the signal, inguires the number desired
and completes the connection automatically
in a manner already explained. When the
calhing subscriber hangs up. the operator at
the bourd L2 receives the disconnect signal,
and she i turn gives the disconnect signal
to the operator at the board 1.8, the operator
at the board L% m turn giving the discon-
neet signal Lo the operator at the board 1.7
By taking down the cord antomatically the
operator at the board 1.7 restores the con-
nector switch I¥? at the district exchange. 1f
the subsceriber A2 desires to establish con-
nection with one of the subsceribers of the
toliboard I.* (Fig. 3), conneetion is extended
from the bowrd 1.2 to the board L% in the
salne anner as when the subsceriber A
‘alled the subseriber A through the see-
oncdary switches-of the group ¢t in Fig. 2
and ¢7 m Fig 3, for example. Upon receiv-
e a signal at the cord N, for example,
the operator at the board T4 completes the
connection.  The act of disconuecting is ne-
comphshed 1n o manner similar to that al-
ready deseribed.  Tf the subsertber A2 de-
sires (o establish conneetion with the sl
seriber A" at the private branch exchange
1A (Fig. 3). conneetion is extended to the
bowed B in the smme manner as in the pre-
vions ealloand at the boavd 16 the operator
cstabhishes connection with a cord N3, for ex-
tiple, at the exchange 12 by pligeing into
a o pnek. sueh as the jacks-'. The operator at
the hoard L& completes the connection i the
vsual manner. TF the subseritber A7 desires
to establish conueetion with the aulomatic
exchange i Firg. | the operation s us Tol-
lows: Conneetion 1= extended from the hogrd

or at the hoard 15 ecewves the disconnect 12 to the hoard 12 through an A-cord at the
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board L7, and the B-cord at the board L2
(with which connection is made) 1s then
plugged into a jack, such as the jack ¢*,
thereby extending connection to a line switch
in the 4300 group (Fig. 1), such as the line
switch C**, This line switch operates to ex-
tend connection to a first selector D?, and
fron. this point on the connection is com-
pleted automatically by the B-operator at
tlye board L2. Upon hanging up his receiver

~ the calling subscriber gives the operator at

16

20

25

30

35

410

the board L the disconnect signal. This
operator then signals the operator at the
board L2, who in turn, by taking down her
corc, automatically releases the apparatus
shown in Fig. 1.

When the subscriber A (Fig. 2) calls, the
method of operation is exactly the same us
when the subscriber A was calling after
signaling the-operator at the board L2, The
only difference is in signaling the operator
at the board L3 This operation 15 accom-
plished as follows, reference being made to
Fig. 14. When the subscriber A removes
his receiver he operates the fine switeh C* 1n
the usual manner. This line switch, upon
operating, extends conneition from the sub-

scriber to the trunk conductors 614 and 615,

thereby -establishing an energizing circuit
for the relay 616 from ground G2° on one

side and through the lower winding of the

relay 616, conductor 615, springs 620 and.

619, through the telephone A'® to the other
side, thence through the springs 618 and 617
to the conductor 614, then through the upper
winding of the relay 616 and signal relay
620 to battery. The relay 620* upon ener-
oizing in turnencrgizes the relay 621, which
signals the operator. The relay 616 upon
energizing presses the springs 622 and 6223
into contact, thereby setting up the holding

" circuit for the winding 305 of the line switch

45

o0

Do

80

(2] The operator, upon answering, inserts
the plug »* (Fig. 12) into the jack ¢**. As
soon as this is done the relay 623 energizes,
drawing up the armatures 624 and 624%, thus
leaving the trunk between the subscriber and
the cord clear. From this point on the proc-
ess of calling is the same as when the sub-
scriber A'? is calling. . _
If the subscriber A (Fig. 3) wishes to
establish connection with a local subscriber,
subscriber A%, for example, the operation i1s

as follows: He removes his receiver and
operates his line switch C? (see Fig. 11).

By this operation connection 1s extended to
a rotary connector M2 This rotary con-

nector is only rotary on one level, the tenth

level, for example: On all other levels it 1s

a simple two-wire connector, just as the con-

nector I (Fig. 5). Connection having thus
been extended through the line switch (7,
which is in all respects the same as the line

switeh C, the subscriber is ready to complete

the vertical m

1,870,277

the connection by operating the. dial twice
to connect with the desired subscriber A®".
Assuming that the number of the subscriber
A2 iy 22, the shaft of the connector M* 1s
raised two steps and then rotated two steps.
The operation of this connector is controlled

by the line relay 625. This line relay, as In

the connector I, upon energizing, energizes

the slow-acting release relay 626. This re-

lay 626 puts ground on the trunk-release con-
cductor 627 and on the private normal con-
ductor 317. Grounding this private normal

65

70

76

conductor energizes the auxiliary relay 628

which, upon energizing, puts a non-grounded
battery potential on the ring 318 by pressing

the springs 629 and 629° into.contact. * This

guarding potential at the ring 313 is for the
usual purpose of giving an operatqr the busy
sighal, At the same time the relay 628
breaks the energizing circuit of the nuxihary
relay 814 to prevent any ‘possible energiza-
tion of said relay as long as there 1s ground
on the conductor 317. ~Maintaining ground
on the conductor 317 also maintains u guard-

ing potential at the multiple connector banlk

contact 630 for making the line busy to any
connector switch, such as another connector
switch in the same group with the connector
Mz, and of the same character. It may be
well to state here that the line A may be
made busy if an operator inserts a4 plug of a

cord circuit, such as the cord circuits N’

N2 or N2, into the jack ¢®. By so doing the
relay 314 is energized by a flow of current
from the non-grounded battery at the cord
through the relay 314, through the springs
631 and 632 to ground. This relay 314, upon
energizing, separates the spring 315 from the
spring 633, thereby breaking the energizing
circuit of the relay 628 to prevent this coil
from energizing. At the same time the
spring 315 ls carried into engngement with
the grounded spring 316 for putting u

uarding potential on the connector private
gank contact 360, and for energizing the
bridge-cut-off winding 318 of the line switch
(3. The subscriber A'® having extended his

“connection to the connector M?, as explained,

by operating the line relay 025 after the
slow-acting relay 626 is energized, operates
agnet 634 just as the vertical
magnet 112 of the connector F was operated,
&n(i; during this operation energizing the
slow-acting private magnet relay 635. This
relay 635, of course, energizes the private
magnet 636, which remains ready to put the

side switch in second position as soon as the.
relay 635 deénergizes.
635 und 636 are, of course, duplicates of the
‘magnets 113 and 122 of the connector K.

These two magnets

After the side switch passes to second posi-
tion the subscriber operates his dial for the

second digit, again operating the line relay

625, which now operates the rotary magnet
o .
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637 1n series with the rvelay 635. 'The rotary
magnet 637, being operated twice, advances
the wipers 638, 639 and 640 of the connector
into engagement with the multiple contacts
of the desired subscriber 22, which con-
tacts are the same as the contacts 641, 642
and 630 shown at the left of the line switeh
(3. If the called subscriber should be busy
the connector side switeh is locked in second
position just as the connector I (Fig. 5),
giving the calling subscriber the busy signal.
When the subsceriber A hangs up his re-
ceiver he opens the line cireait and thereby
causes the detnergization of the line relay
625, This in turn permits the relay 626 to
deénergize, thereby causing the energization
of the release magnet 642 and the deéner-
gization of the winding 318 of the line switch

(3. This, of conrse, causes the release of the
apparatus. If the subscriber A?® desives to

establish connection with a subscriber in
some other part of the system he must oper-
ate his dial to raise the connector shaft to
the tenth level by sending in ten 1mpulses,
and after the sude switeh trips to second
position he must transmit ene additional 1mn-
pulse for rotating the wipers 1nto engage-
ment. with the first contacts of the tenth
level, contacts 643, 644 and 615, for example.
1f the private contact 644 should be busy 1t
would be found grounded. This grounded
potential will serve to maintain the nter-
rupter relay 646 and the private magnet 636
energized, for the reason that the switeh
shaft has closed the springs G647 and G648 1n
contact. and because the side swireh is 1In
second position. As soon as the relay 646
energizes, the springs 649 and G630 are
pressed info contact, thercby connecting the
mterrupter 651 with the rotary magnet 637
This nterrupter continues to operate the
rotary magnet 637 as long as the private
wiper 639 continues to meet grounded pri-
vate bank contacts, such as the contact 644,
As soon as an 1dle trunk 13 found, however,
the relay 646 and the magnet 636 deénergize,
with the result that the connector is stopped
and the side switch i1s passed to third posi-
tion. This connector M? now acts hke the
rotary conmector M (I, 17). It will be
secn, therefore, that the deuble-wound back-
bridge coil 632 and the colls 653 and 6354
have their corresponding parts in the coils
231, 242 and 258 of the connector M. The
trink line on which the rotary conneetor M?
stops terminates tn a juek, such as the jack
A (101g, 12) desceribed in connection with the
votary connector M. As soon as the rotary
connecicr M? stops on this trunk the oper-
ator ot the board IS s signaled.  She an-
swers by ingerting the answering plug of a
card, such as the cord N% anto the jack &
and then inserts the calling plug of the cord
into a jack, thus signaling the operator at

25‘

the board L* From this point on connec-

tion to any other subseriber in the system 1s’

completed in the manner described 1n con-
nection with the calls by subscriber A,

[f the subscriber A® wishes to make a call
the operation is as follows: If, for example,
another subscriber whose line terminates in
the same board, subscriber A2, for example,
1s wanted, the operation is the same as when
two manual subscribers, whose lines termi-
nate in the same board, are calling each
other. For this purpose any one of the well-
known cord circuits may be used, for ex-
ample, cord circuit N? (Fig. 12). If the
subscriber A wishes to call the subseriber
A7, for example, the operator at the board
L¢ 1s signaled, who then completes the con-
nection to the board L7 by way of one of the
secondary switches, such as the secondary
switch C* of the group ¢ (Fig. 3). From
this point on the operator at the board 1./
completes the connection in the manner ex-
nlained. There is no difference in the proe-

ess of establishing connection between sub-

scribers A and A" and subscribers A** and
A If the subscriber A*® wishes to call the
sibscriber A'* (Fig. 3) he signals the op-
erator at the board Lf, who answers with an
A-cord N2 (TFig. 12). The operator at the
board L& then plugs into a jack ¢*® and ex-
tends connection to the board L' by operat-
ing a secondary switch C*, through which
connection is extended over one of the trunk
conductors in the cable 625 to a B-cord at
the board L4, B-cord N8, for example, 1n all
vespects similar to the cord N” (Fig. 16).
The operator then completes the connection
bv plugging into the line of the desired
«<ithseriber. When the subscribers are
through talking the operator at the board L¢
receives the disconnect signal, and when she
takes down the cord she gives the operator
at the hoard I.* the disconnect signal. If the
subseriber A wishes to establish connection
with the subscriber A* (Fig. 3) he signals
the operator at board 1.%, who, afler answer-
ing, extends the connection to the board L®
by plugging into a jack, jack ¢*, for ex-
ample. By 1his operation the connection 1s
extended to the B-cord N° for example,
from which »oint the connection 1s com-
pleted by plugring into the jack of the de-
sired line.

(Fig. 2) he signals his operator, who ex-
tends connection to the board 1.2 through a
secondary switch in the group ¢* (Fig. 3).
The secondary switeh 1s in all respects the
same as the secondary switch C*°. This 1s
done by the operator at the board L plug-
aging into a jack, such as the jack ¢*. Con-
nection is in this manner extended by way
of the {runks in the cable 611 to a cord m
the board L7, the cord N9, for example. At

I{ the subseriber A desires to
establish conneetion with the subseriber A??
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this board the connection is completed by

lugging into the jack of the desired line.

onnection with the subscriber A would be
established in exactly the same manner. If
subscriber A* wishes to establish connection
with the subscriber A*' he signals his own
operator at the board L’ who in turn ex-
tends connection to a cord, cord N, for ex-
ample, at the board 1.° through a secondary
switch, just as in the previous instance.
Through the medium of this cord the op-
erator at the board L* extends connection
to the board L? through a secondary switch
in the group ¢%, for example, by plugging
into a jack ¢*%, for example. At the board
L2 the connection is completed in the usual
manner. If the subscriber A wishes to es-
tablish connection with any one of the sub-
seribers in the automatic section (Fig. 1)
he signals his operator, who extends connec-
tion to the board L* in the same manner as
when the subscriber A!* was to be called,
At the board L the cord N'%, instead of
being connected with the multiple jack of
the subscriber A, is inserted in a jack ¢,

for example, thereby extending connection
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to a line switch in the 4300 Yroup, hne
switch C*%, for example, which upon operat-
ing extends connection to a first selector D"
From this point on the connection 1s com-
pleted by the operator at the board L7, as in
previous instances already described.

From the.foregoing it will be seen that 1
Emvidg for the establishment of various

inds of connections in a two-wire system,
which connections were heretofore not pos-
sible in a system of this particular kind, and
that T have thereby materially increased the
efficiency of a two-wire system, especially u
system in which many connections, 1f pos-
sible at all, must be made either manually or
more or less semi-automatically, owing to
the fact that some lines terminate in manual
apparatus, while other lines terminate In
automatic apparatus, and for other reasons,
as hereinbefore fully explained.

What I claim as my invention 18:—

1. A telephone system ecomprising auto-
matic switches, hne circuits for said
switches, one of said switches being a con-
nector, a line relay individual to and con-
trolling said connector for finding the called
line, means for energizing said relay over
two sides of the line circuit in series, said
called line having a jack, and a line signal
associated with said jack.

9. A telephone systern comprising auto-
matic switches, line circuits for said
switches, one of said switches being a con-
nector, a line relay individual to and con-
trolling said connector for finding the called
line, means for energizing said relay over
two sides of the line circuit in series, a non-
numerical trunking switch for said called
line for use only when said called line is

used as a calling line, a jack for said called
line, and means for using said jack to call
the line manually,

3. A telephone system comprising auto-
matic switches, hine circuits for said
switches, one of said switches being a con-
nector, a line relay individual to and con-
trolling said connector for finding the called
line, means for energizing said relay over
two sides of the line elrcuit in' series, means
whereby said line may also be called man-
ually, and means whereby said line may
call only manually. |

4. A telephone system comprising a man-
ual line, a semi-automatic line, means for
calling the semi-automatic line ‘automati-
cally, a cord circuit, devices for connecting
each line with said cord circuit, an auto-
matic switch, means for controlling said
automatic switch over the two sides of a
calling line in series, said cord circuit being
provided with mechanism for indicating to
the operator that both the calling and called
subscribers have signaled for a disconnection,

5. A telephone system comprising a cord
cireuit, a plug for said cord circuit, sald
plug being provided with a sleeve, a relay,
o connection between the said sleeve and the
middle point of the winding of said relay,
2 source of current having one pole ground-
od and the other pole permanently connected
with one terminal of said winding, a ground
connection for the other terminal of said
winding, and a circut controlled by said
relay. :

6. In a telephone system, a trunk jack,

an automatic switch individual thereto, a
‘sot of trunks leading from said automatic

switch, a cord cireunit plug, sand switch com-
prising means responsive to the insertion
of said plug into said jack for atitomati-
cally connecting the latter with, an 1dle
trunk, selectors and connectors for satd &ys-
tem, means for controlling sald selectors
and connectors over the two sides of a vl l-
ing line in series, and other lines, each of
said other lines being adapted to be called
through the medium of said sclectors and

connectors, or throngh the mediun of said

plug, depending upon the character of the
call. | | o

7. In a telephone system, a sct of trunk
jacks, plugs associated with satd jacks, a
plurality of trunks, means responsive to the
insertion of a plug in said jacks for auto-
matically connecting the latter with dle
trunks, only a portion of said trunks being
accessible through the medium of any one
jack, signals associated with said  jacks,
means for automatically displaying the sig-

‘nal of a jack when all of the trunks acces-

sible therefrom are in use, selectors and con-
nectors for said system, means for control-
ling said selectors and connectors over the
two sides of a calling line in series, other
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N

lines, each of said other lines being adapted
to be called through the medium of said
selectors and connectors, or through the me-
dium of sald plug, depending upon the
character of the call. '

8. A telephone system comprising auto-
matic  switcles, line circuits for said
switches, a line relay individual to and con-
trolling each of said switches, and means for
energizing sald relay over two sides of the
line circuit in series, a manual switchboard,
a subscriber’s line adapted to be called
either automatically or manually, a line sig-
nal for said line, means for manually an-
swering a call from said line to connect one
or more automatic switches therewith, and
means by which the subscriber on said line
then controls the said switch or switches to
find the line of the desired subscriber.

9. A telephone system comprising auto-
matic switchos, line . circuits for said
switches, a lino relay individual to aud con
trolling each of said switches, and means
for energizing said relay over {wo sides of
the line circuit 1n series, a manual swilch-
board, a subscriber’s line adapted to be
called either automatically or manually,
trunks leading to said switchboard. and
non-numerical switching means for auto-
matically selecting an idle trunk in response
to a call from said line.

10. In a telephone exchange system, a
plurality of subscribers’ lines terminating
at a manual switchboard, with associuted
signal devices whereby & calling line may
attract the attention of an operator, a num-
ber of first-selector switches less than the
number of lines, auxiliary switches «sso-
ciated therewith and containing muliiple
terminals for the lines, operators’ connec-
tive means and terminal devices for the se-
lector switch circuits wpon the. manuai
switchboard manually controlled to connect
a calling line with an 1dle first selector
switch, means thereafter controlled by the
subscribers for setting and releasing the
switches, clearing-out signals associated
with the operator’s circuits to indicate the
desire of connected subseribers for discon-
nection, line circuits for said switches, a line
relay individual to and controlling each of
said switches, and means for energizing satd
velauy over two sides of the hine cirenit
series, substantially as deseribed.

11. In a telephone exchange system, a
plurality of subseribers’ lines, manunal con-
nective terminals therefor, signal devices
associated therewith and becoming active
in response to subscribers’ calls, automatice
switches containing terminals of the same
lines, operators’ connective circuits for con-
necting a calling line with an 1dle switch,
means condrotled by the subscribers for
setting and releasing the switches, clearing-
out signals connccted with said connective

27

circuits, line circuits for sald switches, a
line relay individual to and controlling
each of said switches, and means for ener-
gizing said relay over two sides of the hne
circuit in series, substantially as described.

12. In a telephone exchange system, sub-
scribers’ lines with manual connective cir-
cuits and automatic switches for ntercon-
necting them, each line having an answer-
ing terminal manually accessible only, one
or more calling terminals 1n the automatic
switches, said switches bemng subdivided
into classes and groups, certain groups in
cach class contaiming multiple termunals for
switches of the next class, and the switches
of thoe last class containing the said line
terminals, said manual connective: circuits
adapted to mitiate connection belween lines
through the successive classes, means where-
by the continuity of a connection may there-
after be controlled by the subseribers, line
circuits for said switches, & line relay 1indi-
vidual to and controlling each of said
switehes, and means for energizing said re-
lay over two sides of the lhine circuit in
series, substantially ac described.

13. In a telephone exchange system, sub-
scribers’ lines having manually accessible
answering terminals, and automatically ac-
cessible calling termmals, two or more sets
of link or trunk cireunits each containing
automatic switch adapted to be successively
operated to reach said calling terminals,
together with operators’ cord circuits for
interconnecting the first set of links ov
trunks with cailing subseribers’ lines, means
controlled by the subscribers for setting
and releasing said switches, hine circuits for
said switches, a line relay mdividnal to and
controllimg each of said switches, and means
for energizing said relay over two sides of
the line cireult in series, substantially as de-
scribed.

14, In a telephone exchange zvstem, a
plurality of subscribers’ hnes, first selector
switches less in number than the number of
lines, meaps whereby said switches may be
manually switched to be brought undeir con-
trol of calling lines, becoming thereby indi-

vidual line switches for the thme being, as

P

to both setting and releasing., suxiliary
switches in groups containing= the terminals
of the same hnes. {ogether wath conneetions
from said auxihary switches brought {o
and controllable by and through the first
selector switehes, e eireutis for said
switches, a bhne relav individaat to and con-
trolling each of =u1d switches, and means
for energizing said relay over two sides of
the line circuit in series, substantially as
described. '
15. In a telephone exchange svstem. a
plurality of subscribers’ lines, first selector
switches in number less than the number
of lmes, means whereby said switches may
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be manually brought under control of call-
ing lines, becoming thereby individual line
switches for the time being, auxiliary
switches in groups containing the terminals
of corresponding groups of trunks, connec-
tor switches connected thereto, and  con-
tmining terminals of the same subscribers’
lines 1n groups, means whereby the said
switches may be controlled thrnugh the
trunks and their accompanying circuits to
reach the wanted subseribers’ lines, and for
purposes of restoration to normal, line cir-
culls for said switches, a line IE-]dY individ-
ual to and controlling each of sald switches,
and means for cnergizing said relay over
two sides of the line circuit in series, sub-
stantially as described. *

16. The combination in a telephone 5y s-
tem of subscribers’ lines, a manual switch-
board and automatic switches containing
respectively answering and calling termi-

nals for said lines, (l])udf(}]_’% cord ecircuits

for interconnec tmg the calling lines and
switches, means controlled by the subscrib-
ers for both setting and releasing said
switches, line circuits for said %wit(,hes a
Jine nh} mdividual to and controlling eﬂill
of said switches, and means for energizing
<aid velay over two sides of the line circmt
in series, substantially as desermbed.

17. Tn a telephone system, a cord cirenit,
a plug for said cord ciremit, said plug pro-
vided with a sleeve conta(t N SUPErvisory
signal, and a relay for cnntmlling said
qwm] suid relay upon energization adapt-
od to tlalLlV snid signal, the mid point of
the winding of said relay bemg connected
to the qleeve of said plug.
18. In a telephone system, a cord circuit,
lug provided wita a sleeve contact for
snid cord oircuit, & relay and a permanent
connection from said sleeve through a wind-
ing on said relay to ground, and a connec-
tion from said sleeve through a winding on
snid relay to bhattery.

19. Tn a tclephone systent, a cord circuit,
a plug for said cord cireuit, said plug pro-
vided with o slecve mnt"wt.. i SUpervisory

signal for said cord circuit, and a pair of

relays in said cord for mntmllmg said
sirnal, the winding of one of samd relays
Iwmﬂ' connected at a point. between its ends
with said sleeve contact.

20. ITn a telephone systemn, a cord circuit,
a plug for said cord areuity said plug pro-
vided with a sleeve contact, a relay having
a middle point of its winding connected to
said sleeve contact, a supervisory signal,
means for (hqp]avmg said signal upon said
relny heing encrgized, a second relay, and
means conteolled thereby to extinguish said
signal.

21. In a telephoue system, a cord cireuit,

a plug for said cord circuit, a trunk mrmut
pmwded with a jack to receive said plug,

1,270,277

n relay associated with said plug, the mid-
dle point of said relay connected to a con-
lact on said plug, and one terminal perma-
nently connecte 'to ground and the other
permanently connected to battery, and
means for energizing sald relay by pla{,mg
battery or ground on the opposite end of
sald trunk eircuit.

22. In a telephone system, a cord circuit,
@ plug for said cord eircuit, a sleeve con-
tact for said plug, a trunk circuit provided
with a juck to receive said plug, a relay,
the middle point of said relay connected to
saul contact on smd plug, and one terminal
permanently connected to ground and the
other permanently connected to battery,
and eans for energizing said relay by
placing battery or ground on the opposite
end of said trunk circuit.

23. In a telephone system, automatic
switches, line circuits for said switches, a
Iine 1(*1.{;} individual to and controlling each

-0t said switches, and means for energizing

said relay over fwo sides of the line circuit
1n mrma} a manual switchboard, a sub-
scriber’s line adapted to be connected with
savd hne circwts, means for calling sad
Ime auntomatically, a jack for 111.-.um.;1]ly

alling said line, means for placing a busy
test on spid jack when said line is called
automatically, and non-numerical switching
means for automatically selecting an 1idle
trunk in response to a call from said line.

24. In a telephone system, automatic
switches, line circuits for said switches, a
line Ieltly individual to and controlling eaﬂh
of said switches, and means for energizing
s.;ud leLw over tw:z} sides of the line circuit
in series, . manual switchboard, a sub-
seriber’s line adapted to be connected with

sard line circuits, means for calling said
line  automatically,

o jack for manually
calling saud Iine, means for preventing auto-
matic connection when said line 18 con-
nected manually, and non-numerical switch-
ing means for automatically selecting an
idle trunk in response to a call from said
line. |

25. In a telephone system, automatic con-
necting  means, sald means comprisin
switches, a line relay individual to an
controlling the operation of each of said
switches, and means for ener gizing said re-
lay over both sides of the line in series,
manual connccting means, and means for
preventing operation of one of said means
when the other is operated.

26. Tn a telephone system, a plurality of
ines, a plurality of operators’ positions, in-
dividual uuswermg terminals at one of said
operators’ positions for certain of said hines,
comimnon answering  terminals distributed
minong o plurality of operators’ positions
for other of said lines, mieans whereby suid

other hines may establish conncction with
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one of said common answering. terminals,
sald means comprising switches, a line re-
lay individual to and controlling the opera-
tion of each of said switches, and means for
energizing saild relay over both sides of the
line in series. ..

27. In a telephone system, a plurality of

hnes, a plurality of operators’ positions, in-

dividual answering terminals at one of said
operators’ positions for certain of said lines
common answering terminals distributed
among a plurality of operators’ positions
for other of said lines, and -an automatic
selecting switch individual to each of said
other lines for extending connection to one
of said common answering terminals, said
means comprising switches operated over
both sides of the hne in series. o

28. In a telephone system, a plurality of
telephone lines, a plurality of automatic
switches divided into groups and provided
with bank contacts in which said telephone
lines terminate, a manual switchboard di-
vided into a plurality of sections, a plu-
rality of link circuits for each group of
switches extending to manually-controlled
terminals at different sections of said
switchboard, automatically-operated select-
ing switching mechanism associated with

30 the telephone lines and the answering ends

of the link circuits for connecting said link
circuits with calling lines, a line relay in-

dividual to and controlling the operation of
sald mechanism, and means for energizing

said relay over both sides of the line in
series. o T

29. In a -telephoné system, _-a called ]ine,; |

an A operator’s board, a B-operator’s board,
automatic switches for extending connec-
tion from said B operator’s board to the
called line, a signal on said A operator’s
board, and means controlled by said B oper-
ator to operate said signal when said auto-
matic switches attempt to make connection
with a busy line. |

30. In a telephone system, a calling line,

an A-operator’s board, a B operator’s

board, automatic switches for extending

connection from said B operator’s board to

the called line, a visual signal on said A
operator’s boird, and means controlled by

said B operator for intermittently operat-

ing sald signal when said automatic switches
attempt to make connection with a busy line.
Signed by me at Chicago, Cook county,
Illinois, this 11th day of March, 1910.
EDWARD D. FALES.
Witnesses: :

ArTHUR J. Ray,
J. E. CoorLEy.
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