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25 Claims,

This invention relates in general to automatic
telephone systems, but more in particular to small
Systems suited. for installation in towns or vil-
lages. An automatic telephone system of this
generally known as g Comimunity Auto-
matic Exchange or C. A, X., and may have g
capacity of about Afty lines, more or less. Usual-
Iy the lines are party lines having either bridged
Or grounded ringing circuits over which such sub-
scribers are signalled by means of code ringing.
Provision is also made for trunking calls to ang
from distant exchanges, .

The object of the present invention is {o pro-
vide a novel and improved all-relay community
automatic exchange of the foregoing character,

One of the features of the Invention relates to
the all-relay finder-connector links for intercon-
necting the various lines in this system.

Another feature of the invention relates to the
manner in which both the trunk lines and sub-

scribers’ lines are connected to 2 finder-connectoy .

link, especially the line and trunk hunting oper-
ations of the finder and connector units reiays.

Another feature of the invention relates to an
all-relay allotter which preselects idle finder-con-
nector links and in which common relay testing
equipment is provided for causing g calling line
to-be connected to the breselected idle link.

Another feature of the invention relates to an
Improved lock pulsing arrangement for repeating
the pulses received from a calling line.

Ancther feature of the Invention relates to
circuit arrangements whereby the finder-con-
nector link switches straight through cutting off
the local talking bridges on both incoming ang
outgoing trunk calls.

Another feature of the invention relates to &
common all-relay code interrupter and the cir-
cuit arrangements for selecting and connecting
various code rings to ealled subscribers’ lines.

A further feature of the invention relates to an .

alarm sender which seizes g, trunk line to the dis-
tant exchange when g case of trouble arises, and
Which transmits s series.of tones over the trunk
line to identify the particular troubile. )
These and other features of the invention will
be apparent from the following detailed descrip-
tion of the invention. ' }
Referring now to the drawings, comprising Pigs.
1 to 11, inclusive, there is shown by means of the
Usual circuit diagrams sufficient of the apparatus
in an automatic telephone system to enable the
invention to be readily understood. : X
Fig. 1 shows a group of finder group relays
FGR for connecting the line conductors and test

(CL 178—17%)

conductors of the various groups of lines and
trunk lines to one of the finder-connector all-
relay links, The link shown is capable of inter-
connecting fifty lines. The groups of lines are
divided into five groups of ten lines each and are 5
designated as the 20, 26, 40, 56 snd 60 groups.
Relays 122, 182, 442, (152 and 162 are cell finder
group control relays and operatively connect the
test conductors of their respective groups to the
link circuit shown. Relays such as relays 16
fae—i24, 188—639, £60—f41, (56—I8!1 gand
168—160 are for connecting the line conductors
of their respective groups to the link circuit. In
the lower left-hend corner of Fig. 1 is shown the
line ecircuit LR of the first line In the 28- 15
group. A plurelity of substations such as 264,
212, 216, and 207 are diagremmatically shown
connected to this line. As will be seen, the line
conductors of this line, or Une 2{, terminate in
armetures 127 and 128 of relay (26 in the 26-
group, while the test conductor of this line ter-
minates in srmature (29 of relay 122 in the 28-
group. The lne conductors snd the called test
conducior extend by way of a three-conductor
cable (89 to the outgoing end of the link wherein g5
these conductors terminate in armatures on the
connector group relsy in the 20-group. In the
upper left-hand corner of ‘Fig. 1 is shown the
trunk line circuif TLR for the trunk line TR
shown in Fig. 10. - As will be seen, this trunk line g4
terminates in grmasure springs 446, £6! and {42
of the finder group releys 12! and 22. The
trunk line conductors are also. connected to the
outgoing end of the lnk circuit in g, manner sim- .
llar to that described for line 28, Lines 22, 23, g5
24, 28, 26 and 27, and trunk lines 28 and 29, in-
dicated by the brackets, terminaie in armatures
controlled by the finder group relays in the 26-
group for connecting such lines to the link circuit.
In & similar manner the trunk lines and sub- 40
scribers’ lines in the 86-group and other groups
are connected in g similar manner.,
" Pig. 2 shows g group of finder units relays
FUR for connecting the line of any selected group
to the control circuits in the link, é5
Fig. 3 shows a group of connector units re-
lays CUR for connecting the link circuit to any
particular called line in any called group as de-
termined by the operated connector group relays.
Fig. 4 shows a group of connector group relays gg
CGR for connecting the outgoing end of the link

- to any line in any group. In the right-hand end

of Fig. 4 is §hown the line circuit of line 33 and
& plurality of substations thereon. Line 23 is
connected to the incoming end of the link as gg .
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shown diagrammatically by the three-copductor
cable extending to armatures 457, AB8 and 458,
in Fg. 1. All of the trunk lines and all of the
subscribers’ lines-in all of the groups terminate
in the outgoing end of the link in the manner
illustrated by line 33.

Fig. 5 shows an all-relay allotter for preselect- .
In the upper left-hand corner.

ing an idle link.
of Fig. 5 are shown the link selecting relays LSR
which control the selection of an idle link and
which control the operation of the link connect-
ing relay, such as $100, for connecting such link
to the group selecting relays GSR in the common
allotter., The group selecting relays GSR are
operated to find the calling group while relay
550 is operated when the calling line is found by
the finder units relay. In the lower left-hand
corner of Fig. 5 is shown the allotter control re-
lays ACR, which control different functions to be
described hereinafter. Each group of lines has
& start conductor, such as start conductor {37, ex-~
tending from each group of line circuits to a ter-
minai such as terminal 20 shown in the lower
part of Fig. 5. The start conductor, correspond-
ing to start conductor §37, of the 30-group would
terminate in the terminal 30, and the remaining
start conductors of the other groups would ter-
minate in the correspondingly numbered ter-
minals.. In the upper-right-hand corner of Fig.
5 is shown the connecting relay 5100 of one of
the link circuits, This relay connects the group
GSR to the finder group relays

cuits for controlling the line hunting operations
of the link.

PFig. 6 shows a group
cireuit of the link.
Fig. 7 shows another group of relays in the
control circuit of the same link.

Pig. 8 shows & #urther group of relays in the
control circuit of the same link. Relay St in

of relays in the control

_Fig. 8 is provided for connecting the counting re-

lays 820 to 889, inclusive, to the connector group
relays CGR, in Fig. 4. Relay S2 is provided for
connecting the counting relays to the connector
units relays CUR, in Fig. 3. Relay 890 is pro-
vided for connecting the common code inter-
rupter CI to the counting relays. :

_ Fig. 9 shows an all-relay code interrupter CI,
and a ringing machine RM.

Fig. 10 in its upper portion shows the trunk
line TR which terminates in position 20" of the
20-line group of the link. This trunk line Is
connected by way of repeating coils RC and RrRCI
and conductors 1054 and 1055 to the trunk cir-
cuit TC at & distant exchange, This particular
trunk circuit TR is connected to an alarm sender
AS shown in Fig. 11. : N n

Fig. 11 shows an alarm sender AS for trans-
mitting a series of tones over the trunk line TR

“Throughout the drawings numerous types of
relays, well known in automatic telephone art,
are shown. Slow-to-operate relays are shown
having a full-black upper section. Slow-to-re-
lease relays are shown having a cross-hatched sec-
tion. The weighted armature springs of vibrat-
ing relays are shown with a rectangular weight
on their movable ends.

Although only substations having their ringers
grounded for divided or grounded ringing have
been illustrated in the drawings, it will be un-
derstood that substations having their ringers
bridged across the line ‘conductors may also be
operated over the circuits shown.

,028,239.

. Briefly the operation of the system Is as fol-
owS: ..

When a calling subscriber initiates a call the
test conductor of the cailing line is marked with
calling potential and the calling group is marked 5
in the common all relay allotter which operates
to find the calling group. When the calling
group is found the allotter completes a circuit

“for energizing the proper finder group control re-

lay in an idle link previously preselected by the 10
allotter. The operation of the finder group con-
trol relay connects all of the test conductors of
all the lines in the calling group to the finder
units relays which now operate successively untit
the marked calling line is found. 15

When the calling line is found the allotter is
operated to preselect another idle link and the
calling line is connected to the control circuits
of the link in use. The first digit transmitted
by the calling subscriber operates counting re- 20
lays to operate the corresponding connector group
control relay which connects all of the test con-
ductors of the called group to the connector units
relays of the link. The second digit reoperates
the counting relays to operate the corresponding 25
connector units .relay to connect the test con-
ductor of the called line to the link control cir-
cuits. ' The third digit reoperates the counting
relays to select the ringing code. If the called
line is idle an all relay code interrupter controls 30
a ringing relay in the link over the selected code

ringing conductor to transmit the selected ring-

“ing code to the called line.

In. incoming trunk calls the operation is the
same as just described with the exception that 35
the local talking bridges in the link are discon-
nected to connect the trunk line straight through
to the called subscriber. )

In outgoing trunk calls the calling line is
found in the same manner as just described and 40
in response to dialling a single digit designat-
ing a trunk call the corresponding connector
group control relay connects the test conductors
of this line group to the connector unit relays and
the connector unit relays corresponding to the (5
trunk lines in this group are successively operated

" to hunt for an idle trunk in this group. When

an idle trunk line is found the link switches
through cutting off the jocal talking bridges.

It will now be assumed that subscriber 216 de- 50
sires to call subscriber 331. When the subscriber
at substation 216 removes his receiver a circuit
is completed for energizing line relay 172 over
the following circuit: from ground by way of
armature 178 and resting contact, through the
winding of relay 172, over the lower talking con-
ductor of lne 21 through the subscriber’s sub-
station loop comprising the receiver R, trans-
mitter T, calling device CD, and over the upper

o
52

-heavy talking conductor of line 21, armature {11, 60

and through the winding of relay 113 to battery.
Relay 172 at armature 179 disconnects conductor
156 from the cut-off relay 171 at its resting con-
tact and at its working contact grounds conductor
156 which extends by way of the three-conductor 65
cable 159 of Fig. 4 to busy the calling line.at the
called terminals, at armature §80 connects the
cut-off relay 171 to armature 129 by way of arma-
ture 114 to mark line 2I as a calling line in the
finder group of relays. At armature 181 relay 70
i 12 grounds start conductor 137 by way of arma-
ture 115 and resting econtact, thereby marking
the group in which the calling line is associated
in the relay allotter. Responsive to relay 112
grounding the start conductor 137 a circuit may 75

]
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be fraced for energizing relay 587 from groinded
armature 181, armature 115 and resting contact,
conductor 131, terminal 20, resistance R2, arma-
ture 5004, and through the lower winding of relay
587 to battery.

At the time this call is initiated the link select-
ing relays LSR in Fig. 5 have breselected the first
relay link. Since one or more links are idle, the
all link busy relay 588 is energized over the com-
mon all link busy conductor 629 from ground at
the idle link circuits. One of these circuits may
be traced from armature 62§ and resting contact,

‘armature 606, springs 645 of busy key BK, com-

mon to all link busy conductor 628, and through
the winding of all link busy relay 588 to battery.

‘Relay 588 is maintained energized from ground

from the idle link circuits and therefore only
deenergizes at a time when all of the links are
busy. Relay 588 at armature 599 prepares a cir-
cuit for the link connecting relays, at armature
5000 prepares a point in the circuit to the link
selecting relays LSR, and at armature 5001 com-
pletes a circuit for energizing relay 585 as follows:
grounded armature 500! and working contact,
through the winding of relay 585, throush arma-
tures 536, 530, 524, 5{8, and 511, and through
the lower winding of relay 501 to battery and in
multiple therewith' through the associated re-
sistance to battery. Relay 50f is also maintained
energized . over this circuit as long as the first
link is preselected. Link selecting relay 561 at
armature 8§07 prepares a point in the circuit for
operating the Iink connecting relay 5000, at arma-
ture 509 prepares a point in the circuit extending
to the guard conductor i§, at armature 510 pre-
bares a circuit for the second link selecting relay
502, and at armature 52 opens a point in the
circuit of link selecting relay 506. .

Since the first link is the link preselected, due
to link selecting relay 501 being in energized posi-
tion, the energization of start relay 587 completes,
in this case, the cireuit for energizing the link
connecting relay 5168 as follows: from ground by
way of armatures 595, 539, 593, and 507, and
through the winding of relay 5100 to battery.
At armature 596 relay 587 completes a circuit by
way of armature 5862 for energizing relay 581, at
armature 97 prepares a point in the circuit for
grounding the guard conductor 616 so as to trans-
fer the call to the next idle link if the calling line
is not found within a bredetermined time, and at
armature 598 completes a circuit, through its lower
winding independent of armature 5004. Relay
591 operates and closes the circuit to relay 590.
Relay- 590, after an interval, energizes and at
armature 5005 completes the circuit for energizing
relay 589 as follows:
armature 596, armature 5005 and working con-
tact, and through the winding of relay 589 to
batiery. At armature 5002 relay 589 opens the

* circuit of relay 591 which deenergizes; at arma-

ture 5903 prepares a point in the circuit for the
guard lead 616, and at armature 5004 opens the
original energizing circuit of relay 581. Relay
581, upon restoring, causes its weighted spring
5006 to vibrate alternately opening and closing
the circuit of relay 590. Due to its slow release
acticn, relay 590 remains operated during the
vibrations of spring 50606, Relay 5100, upon
energizing over the above traced circuit, at arma-
tures5i02,5193, 5105 and 5106 prepares circuits for
operating the finder group control relays shown in
Fig. 1. At armature 5101 relay 5100 completes a

eireuit for energizing relay 549 as follows: from

ground by way of armature 5101, armature 576

from ground by way of .

. 30-line group subscribers.

3

and résting contacf, and through the winding of

relay 549 to battery. At armature 51 08 relay 5100
prepares a circuit for one of the finder group line
relays of the finder group FGR, shown in Fig. 1,
at armature 5107 prepares a circuit for starting
the hunting operation of the finder units relays
FUR, shown in Fig. 2; at armature 51069 prepares
a point in the circuit for the common line test
relay 580, and at.armature 9112 connects ground
to conductors 214 and 188 in order to provide
locking ground for the finder group control relays
and for the finder unit relays. :

5 .

Relay 549, upon energizing, at armature 579

brepares a locking circuit for the group selecting
relays GSR, at armature 580
circuit for operating the finder units relays, and
at armature 581 closes the starting circuit for
energizing the group selecting relays, and in
this case closes a circuit for energizing the first
group selecting relay 543 as follows: ground by
way of armature 581, armature 577 and resting
contact, armatures 573, 568, 563, 558, and 552
and their resting contacts through the winding
of relay 543 to battery. Relay 543 at armature
551 prepares a point in the circuit for energizing
finder group control relay 122; at armature 552
completes a locking circuit for itself, at armature
553 opens a point in its original energizing cir-
cuit and closes the circuit for relay 544; and at
armature 554 connects battery through the upper
winding of group test relay 548 to the finder start
ccnductor 137 which is grounded in response to
a call from any subscriber in the 20-line group.

The group selecting relays 943 to 547, inclusive,
are slow to operate relays which only operate
after a short interval and close their own locking
circuits threugh their inner upper armatures be-
fore operating their remaining armatures. As-

suming for the time being that some other sub-

scriber in another line group is calling and there-
fore the finder start lead 1317 will not be ground-
ed and therefore the group test relay 548 will not
be operated. In case conductor 137 is not ground-
ed relay 544 energizes after an interval over the
following circuit: from ground by way of arma-
ture 581, armatures 577, 513, 568, 563, 558, and
their resting contacts, armature 553 and working

opens a point in the 1

20

contact, and through the winding of the second

group selecting relay 544 to battery. Relay 544

at armature 555 prepares a circuit for energizing 5

the finder group control relay 132, at armature

958 opens the locking circuit of the first group

selecting relay 543 which will be energized after
an interval, at armature 557 completes a locking
circuit for itself from grounded armature 579 by
way of armatures 571, 566, and 561; at armature
558 opens its original energizing circuit at its
resting contact and at its working contact closes

the circuit for the third group selecting relay

545; and at armature 559 connects the group test
relay 548 to the finder start lead common to the
In the same manner
as just described relays 545, 546 and 547 operate
in sequence each unlocking the preceding group
selecting relay and connecting the finder start
lead of the group with which they are associated
to the upper winding of relay 548 until the call-
ing line group is found or the last group is
reached. :

When the calling line group is found ground

‘over the start lead, such as lead i 31, completes

the circuit for energizing the group test relay
548 through its upper winding. Relay 548, upon
energizing, at armature 577 opens the energizing
circuit to the next succeeding group selecting re-
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lay before such group selecting relay operates and
closes its locking circuit; at armature 576 opens
the circuit to the slow to release relay 549, and
at armature 518 completes its iocking circuit from
grounded armature 501, armature 518, armature

611 and its working contact, and through the

lower winding of group test relay 548 to battery.
At armature 515 group test relay 548 completes
the circuit for energizing the selected finder group
control relay, in this case relay 122, as follows:
from grounded armature 518, armature 570, 565,
560, and 555 and their resting contacts, armature
§5{, armature 5102, group cut-in conductor 182,
and through the winding of finder group control
relay 122 to battery. Relay 122, at armature §25
completes its own locking circuit from grounded

conductors 188 and 214 and at armatures 123 and.

124 connects the finder group line connecting re-
lays 20 and 121 to conductors 190 and (89. At
its upper armatures, such as armatures 10, 113,
and 129, relay 122 connects all of the test con-
ductors of the twenty-line group to the test arma-
tures associated with the finder units relays
shown in Fig. 2 in order to connect the marked
calling line in the finder units relay group. In
this case, since the line 21 is the calling line, arma-
ture 129 connects battery to armature 218 by
way of conductor 197, armatures 129, 180 and 174,

and through the winding of cut-off relay 17t to

battery.

In the allotter in
after an interval and at armature 519 opens the
locking circuit of the energized group selecting
relay, in this case relay 543, at armature 580
completes a circuit for operating the finder units
relays of Fig. 2 in their hunting operation, and
at armature 581 removes one of the multiple
locking grounds from the lower winding of relay
548, which, however, is maintained energized from
grounded armature 5i0¢. Group selecting relay
543 deenergizes, and at armature 551 opens the

original energizing circuit of relay 122 and at -

armature 554 opens the original energizing cir-
cuit of relay 548. It should be noted that due to
the slow to operate action of the group selecting
relays, relay 544 did not have sufficient time to
operate and close its locking circuit before the
group test relay 548, upon finding the calling
group, energizes and at armature 5171 opens the
test relay 548,
therefore, energizes when the group in which the
calling line is located is found, and at armature
577 opens the energizing cireuit to the succeeding
group selecting relay before such group selecting
relay is fully energized. :

As soon as relay 549 deenergizes the circuit
for energizing the first finder units relay 210
may be traced as follows: from ground by way
of armature 5101, armature 516 and working
contact, armature 580, armature 583 and rest-
ing contact, armature 5107, conductor 213 by
way of armatures 211, 221, 231, 241, 254, 261,
271, 281, 281, and 261 and their resting contacts,
and through the winding of relay 210 to battery.
The finder units relays are also slow to oper-
ate- relays and operate in a manner similar to
that described for the group selecting relays in
the allotter. At armature 212 relay 210 com-
pletes its locking circuit from grounded cdnduc-
tor 188 by way of armatures 203, 283, 283, 213,
263, 253. 243, 233, and 223. At armature 21!
relay 210 cpens its original energizing circuit
after its locking circuit is closed, and connects
the grounded start conductor 243 to the second
finder units relay 228, At armature 215 relay

Fig. 5 relay 549 deenergizes -
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2(0 prepares a point in the circuit for operat-.
ing the finder group line relay having its circuit
prepared by its associated energized finder con-
trol relay, and at armature 218 prepares & cir-
cuit for the common line test relay 550 in the §
allotter. In case the calling line is 21, 8i, &I,
51, or 64 the operation of armature 218 com-
pletes a circuit for energizing the line test relay
§50 in the allotter. However, in order to describe
the hunting operation of the finder units relay 10
it will be assumed for the time being that some -
line other than the line mentioned is calling. In
this case the second finder units relay 220 is
operated from grounded conductor 2{3 by way
of armature 211 and its working contact. At 16
armature 222 relay 220 completes its own lock-
ing circuit by way of ‘armatures 233, 243, 253,
263, 273, 283, 293, and 203 to grounded conduc-
tor 188. At armature 223 relay 220 opens the
locking circuit of the first finder units relay 210 20
to cause its deenergization; at armature 221 and
its working contact prepares the energizing cir-
cuit for the third finder units relay 230 which
circuit, however, is only completed upon the de-
energization of the first finder units relay 210 26
at armature 211 and its resting contact. At
armature 225 relay 220 prepares the circuit to
the finder group line relay having its circuit pre-
pared by its associated finder group control relay,
and at armature 228 prepares:a circuit for the 80
-comnion line test relay 550 in the allotter. The
first finder units relay 210 after an interval deen-
ergizes and at armature 218 opens the previously
‘prepared circuit for the common line test relay
550, and at armature 21! completes the circuit 36
for energizing the third finder units relay 230.

‘In the same manner as just described the remain-
" ing finder units relays operate in sequence’ each

preparing a circuit to the preceding finder units
relay and extending the test lead of the line with
which they are associated to the winding of the
common line test relay 550 until the calling line
is found. o .

When the calling line is found battery through
the winding of cut-off relay of the calling line 45
will be connected to conductor 299 for energiz-
ing the common line test relay 5§50 and the sub-
scriber’s cut-off relay in series. Since line 21 in.
this case is the calling line it will be remembered
{hat finder group control relay 122 has been en-~
ergized and locked in energized position to pre-
pare the circuit for the finder group line relay
120 and to connect battery from the winding of
cut-off relay 111 to conductor 197 by way of
armature 128. Therefore, when the first finder 55

40

50

-unit relay 210 energizes and operates its-arma-~

ture 218 the circuit for energizing the common
line test relay 550 in series with the subscriber’s
cut-off relay 71 is completed. This circuit may
be traced as follows: From ground through the
lower winding of relay 950, armature 5109, con-
ductor 649 to conductor 299, armsture 218, con-
ductor 197, armature 129, armature 80, armature
174, and through the winding of cut-off relay
171 to battery. Relay 550 energizes before the 65
second finder units relay 220 has had sufficient
time to fully operate and accomplishes the fol-
lowing functions: at armature 583 and its resting
contact relay 550 disconnects ground from con-
ductor 213 to prevent the next finder units relay,
in this case relay 220, from’ fully operating, and
at its working contact completes a locking cir-
cuit through the upper winding of relay 550 from
grounded armature 5101 and armatures 576 and
580. At armature 584 relay 550 completes a 76
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circuit through the upper winding of start relay
587 in order to maintain this relay in energized
DPosition after the marking ground is removed
from start conductor 131. At armature 582 relay
550 completes a circuit for energizing finder
128 as follows: ground by ‘way
582, armature 5108, conductor 219,
armature 2i5, conductor 190, armature {23, and
through the winding of finder- group line relay
120 to battery. Cut-off relay i7{ energizss in
series .with the common line test relay 55¢ and

. at armature 178 maintains its circuit closed inde-

15

. of line relay 172,
- at armature 114
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“operated position.

pendent of armatures 180 and 174, at armature
1711 disconinects relay 178 from the upper line
conductor, at armature 178 completes a circuit

_ for energizing relay 170 and opens the cireuit
Relay 170, upon eneryizing, .

opens a point in the original
energizing circuit of cut-off relay 1711 and at
armature (15 disconnects ground from start
conductor 131. Line relay (72, upon deenergiz-
ing, at armature {19 disconnects direct ground

from conductor {56 at its working contact and .

at its resting contact substitutes the ground
through the lower winding of line test relay 550
50 as to maintain conductor - 156 grounded to
busy the line at the called terminal, -

Finder group line
over the above traced circuit, at armatures 127
and 128 completes g circuit for energizing line
relay 690 in Pig. 6, over the following circuit:
from ground through the winding of line relay
690, resting contact and armature 654, conduc-
tor 219, armature 216, conductor 189, armature
127, through the talking conductors including
the calling subscriber’s loop to
conductor 188, armature 217, conductor 289,
armature 662 and resting contact, and through
the winding of relay 692 to battery. Line relay
590, upon energizing, at armature §94 completes
a circuit for energizing impuilse relay 640 as fol-
lows: ground by way of armature 694, armature
833, resistance 643, and through the winding of
impulse relay 640 to battery. The circuit for
energizing slow to release relay 600 may be traced
from grounded armature 69/ through the nor-
mally closed springs controlled by armature 634,
and through the winding of relay 600 to battery.
Impulse relay 649, upon energizing, at armature
641 short circuits armature §33 to maintain the
relay energized, and at armature 642 prepares a
point in the circuit for maintaining relay 600 in
Relay 600, upon energizing,
at armature 60§ completes an obvious circuit for
energizing slow to release relay 5§10, at armature
502 connects direct ground to conductor 299,
thereby connecting direct ground instead of
ground through the lower winding of relay 550
to conductor 156 in order to maintain the calling
line busy to other subscribers; and at armature

603 connects ground through the normally closed’

springs controlled by armature 807 to conduc-
tor 218 to maintain the finder group line relay

- 120 in energized position. Relay 6/ 0, updn ener-

gizing. at armature 611 grounds conductor 214
to maintain the locking circuit of the operated
finder control relay 122 and the locking circuit
of the operated finder units relay 210. At arma-
ture 812 relay 210 prepares a point in the ener-
gizing eircuit of the trunk test relay 660, at arma-
ture 643 completes an obvious energizing circuit
for relay 820 through its- lower winding and also
completes a circuit by way of armatures 686 and

678 through the upper winding of relay 630 for

energizing the latter relay, at armature 8§14 pre-

relay 120, upon en'ergiZing .

armature 128,

8

pares a point in the energizing circuit of relay :
749, and at armature 515 prepares a point in the
energizing circuit for the time release relay 504.
Relay 820, upon energizing, at armature 621
connects the well known dial tone through the 5

-calling subscriber’s loop over the following cir-
-cuit: from dial tone by way of armatures 621 ,

861, and 881, conductor 706, armatures 792 and
193, conductor 708, resting contact and arma-

ture 872, through the tone condenser TC to con~ 10

ductor 698, through the talking condenser, resting
contact and armature 664, and thence over the

‘circuit previously traced through the calling sub-

station loop. At armature §22 relay 620 con~
nects a multiple ground to conductor 214 to 15
maintain the finder group control relay and

-finder units relay in energized position, at arma-

ture 623 prepares the circuit for energizing the
series relay 650, as well as preparing an impuls-
ing circuit to the counting relays: at armature 20*
624 prepares a point in the locking circuit for
busy relay 670, at armature 6285 connects ground

to conductor 329 to prepare locking circuits for

& number of relays, and at armature §21 grounds
conductor T47. At armature 626 and its resting 25
contact relay 620.removes one of the grosnd con-
nections from the common all link busy conductor - -
629 and at its working contact grounds guard
conductor 66 to cause the allotter to preselect .
another idle link. Relay 830, upon energizing, 30 ,
at armature 631 connects battery through re-
sistance 809 to talking conductor 289 by way of
armature 662 in order to improve the impulsing
circuit, at armature §32 opens a point in the
circuit for energizing the connector group line 33
relays, at armature 633 opens the original en- -
ergizing circuit of impulsingrelayﬁlo,which,how-
ever, is held energized through its own armature
541, and at armature 634 completes 8 new circuit -
for maintaining relay $00 energized as follows: 40
from ground by way of armature 667, armature -

* 42 and working contact, armature 634 and work-

ing contact, and through the winding of relay 600
to battery. At armature §35 relay 630 prepares

& further point in the impulsing circuit to the ¢5

counting relays, at armature 83§ prepares a
point in its own locking eircuit through-its lower
winding, at armature 637 prepares a point in the
operating circuit for the counting relays, at arma~

“ture 638 prepares a point in the cireuit for 50 .

energizing relay Si, and at armature §39 dis-
connects the generator start conductor 657.

When the guatd conductor 616 is grounded in
response to the operation of relay 620 a circuit -
is completed for energizing, in this case, the sec- 55
ond link selecting relay 502 in series with relay
586 as follows; from grounded guard conductor
616, armature 510, through the upper winding
of relay 502 and through the winding of relay 586

‘to battery. At armature 593 relay 586 opens the 60

circuit to the link connecting relay 5100 which-
thereupon deenergizes after an Interval, and at
armature 594 completes a circult from grounded

armature 596 for energizing the relay 591. Link
selecting relay 502, upon energizing, at armature 65

‘513 prepares a circult for the link connecting re-

lay in the sécond link similar to link connecting
relay 5100, at armature 5{4 opens a point in the
circuit for grounding the guard conductor associ-~
ated with the third link, at armature 515 prepares 70 .
a point in the circuit for grounding the guard
lead 616" associated with the second link in case
the call is not completed, at armature 516 con-
nects guard lead 616’ associated with the sec-
ond link to the upper winding of the third link 75
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selecting relay 503 to prepare for the energiza-
tion of the latter relay as soon as the guard lead
616’ is grounded, -at armature 5{7 completes a

locking circuit for itself through the lower wind--

ing over the previously traced locking circuit ex-
tending from grounded armature 5001 through
the winding of relay 585, and at armature 518
opens the locking circuit of the first link select-
ing relay 504. Link selecting relay $0{, upon de-
energizing, at armature 508 prepares a point in
the ecircuit for grounding guard conductor 616’
in case the call is not completed, and at armature
5{2 prepares a point in the locking circuit for
the sixth link selecting relay 506, and at armature
510 opens the original energizing circuit of relays
502 and 586 which now deenergize. Relay 5100,
upon deenergizing, at armatures 5102 and 5106
opens the circuits extending to the finder group
control relays, at armature 5101 opens the lock-
ing circuits of relays 548 and 550, thereby caus-
ing the deenergization of the latter relays, at ar-
mature 5108 disconnects ground at armature 582

from the conductor 219 which, however, Is

grounded at-armature 603, and at armature 5! 12
disconnects one of the multiple grounds from con-
ductor 214. Co e :

At armature 584 relay 550, upon deenergizing,
opens the circuit- through the upper winding of
start relay 581 and the latter relay now deener-
gizes in case no other line in line group 20 is
calling. Group. test relay 548 at armature 578
opens a further point in the circuit of the finder
group control relay 122, at armature 516 again
prepares the circuit for relay 549, and at arma-
ture 517 again prepares the eircuit for operating
the group selecting relays. Relay 5§91, upon en-
ergizing over the above traced circuit, operates
its vibrating arm 5006 and closes an uninter-
rupted “energizing circuit to relay 580 from
groundead armature §596. '

In case the second link is busy ground on the
guard-lead 616’ closes & circuit for energizing link
selecting relay 508 and relay 586 In series as fol-
lows: from grounded link conductor 616’, arma-
ture 516, through the upper winding of link se-
lecting relay 503, and through the winding of re-
1y 586-to-battery: In the same manner as just
deseribed forothe second link selecting relay 502
the link: selecting relays 503, 504, 505 and 606 op-
erate.insequence opening. the locking circuit to
the preceding link selecting relay and connecting

the guard lead of their associated link to the suc- .

ceeding - link selecting relay until an idle link is
found or-all links become busy.

- In case no other call is waiting start relay 581
deenergizes and at armature 59€ opens the cir-
cuit of relays 581, 590 and §89. Relay 586, upon
deenergizing, when an idle. link is found, at ar-
mature 593 prepares a point in the circuit for en-

-ergizing the link connecting relay similar to link

connecting relay 5100 in the second link. How-
ever, should another call be waiting the circuit
through the lower winding of. relay. 587 is still

maintained by way of the start.conductor similar .
to start conductor 137 and the grounded resist- -

ances such as R2, R3 or R4 and does not, there-
fore, restore. In this case when relay §86 deener-
gizes said relay at armature 5938 will complete the
circuit for energizing the link connecting relay
similar to relay 5100, and at armature 584 opens

the circuit to relay 591 causing the weighted.
“spring 5006 to vibrate and interrupt the circuit

to relay 590. The link connecting relay. similar

to relay 5100 to the idle link now operates. and

closes & pircuit to relay 549 to cause the opera-

6 2,028,289

tion of the allotter in the same manner as previ-

" ously described.

In'case the calling line is not found within a
predetermined time, the timing arrangement con-
trolléd by relays 589, 590 and 581 will be operated
to cause the allotter to select another idle link.
In this case if the calling line has not been found
by the time, the weighted spring 5006 ceases its
vibrations relay 590.will restore and at armature
5005 open the circuit to relay 589 at its working 10
contact and at its resting contact completes a
circuif, for energizing link selecting relay 502 and
relay 586 in series as follows: from ground by
way of armature 5§96, armature 5005 and resting
contact, armature 5003, armature 5000 and work- 15

[+13

ing contact, armature 587, armature 509, arma-

ture 539, guard lead 616; armature 510, through
the upper winding of relay 502 and through the
winding of relay 586 to battery. Relays 586 and
502 operate to cause the allotter to preselect an- 20
other idle link in the same manner as previously

‘described. The link connecting relay, such as

$106, will deenergize in response to the operation

of relay 586 in order to open the circuit extending

to the relays in the link and to the relays in the 25
allotter. ' :

In case all of the links become busy ground
will therefore be removed from the common all
link busy conductor 629 with the result that all
link -busy relay 588 will deenergize. At arma- 30
ture 599 relay 588 opens & point in the circuit for
energizing the link connecting relays, such as
5100, at armature 5000 opens a point in the clr--
cuit for grounding the various guard-conductors
at its working contact and at its resting contact 35
prepares a eircuit for operating the all link busy
meter relay ALB, and at armature 5001 and work~
ing contact opens the Jocking circuit to the link
selecting relays and relay 585, and at its resting
contact completes the circuit for energizing re- 40
lay 591 as follows: from ground by way of arma-
ture 5001 and resting contact, armature 5002, and
through the winding of relay 591 to battery.

Relay 591, upon energizing, at spring 5006 again -
completes the circuit for relay 590 and the lat- 45
ter relay at armature 5005 again completes the
circuit for relay 588, Relay 589, upon energiz-
ing, at armature 5002 opens the circuit to relay
59¢{ and at armature 5003 prepares & circuit for
the all link busy meter relay. ALB. Relay 591, 50
upon restoring causes its. weighted reed spring
5006 to vibrate and intermittently interrupt the
circuit of relay 590. Relay 590 does not restore

. immediately due to its slow releasing action, but

as the vibrations of spring 5006 decrease in am-
plitude the circuit of relay 590 is opened for &
sufficient time to permit relay 580 to restore. At

armature 5005 relay 590 opens the circuit of relay

§89 at its working contact and at its resting con-
tact comipletes the circuit for operating the all
link busy relay ALR as follows: from ground by
way of armature 500¢ and resting contact, arma-
ture 5005 and resting contact, armature 5003,
armature 5000 and resting contact, and through
the winding of relay ALB to battery. Relay ALB 65
operates over this circuit and operates the meter
M to register an all link busy condition. After
an interval slow to release relay 589 deenergizes,
at armature 5003 opens the_circuit through the
all link busy relay ALB, and at armdture 5002 70
again completes the circuit for relay 591. Relay
§91 again operates and the foregoing cycle of
operations of relays 590, 589, and 581 continue
until an idle link becomes available.

When a link becomes idle ground is again con- 75
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nected to. the common conductor 829 to energize
the all link busy relay 588. At armature 5801
and resting contact relay 588 opens the circuit
to relays 589, 599, and 534 allowing them to re-

store in case no call is waiting, and a$ its working

contact completes g eircuit for energizing the

link selecting relay 591 and relay 388 in serles.

as follows: from ground by way of armature 5004
and working contact, armature 592 through the

upper winding of relay 591, and through the wind- -

ing of relay 386 to battery. At armature 593
relay 586 opens a point in the circuit to link con-
necting relay such as relay 5100 and at arma-
ture 594 completes the cireuit for operating re-
lay 591 in case a call is waiting; Relay 501, upon
energizing. at armature 51i completes its lock-
ing circuit through the winding of relay 585,
thereby causing the energization of the latter re-
lay. This circuit may be traced from grounded

armature 5081 and working contact, through the .

winding of relay 585, throuzh armatures 536, 530,
524, 518 and 514, through the lower winding of
relay 50! to battery. At armature 507 relay 501
prepares a circuit to the link connecting relay

5189, at armature 509 prepares a point in the cir- -
cuit for grounding the guard lead 616, and at .

armature 5¢0 connects guard lead 616 to the sec-
ond link selecting relay 502. Relay 585 at arma-
ture 592 opens a point in the original energizing

circuit of relay 501. In case the first link is busy

ground will be encountered on the guard lead 616
and the second Hnk selecting relay 502 and re-
lay 586 will operate in series in the manner pre-
viously described. At armature §7 relay 5§02
closes its locking circuit through its lower wind-
ing in series with relay 585, at armature 513 pre-

- pares the circuit for the link connecting relay in

the second link and at armature 516 connects
the guard lead 616’ of the second link to the up-
per winding of the third link selectine relay 503.
At armature 518 relay 502 opens the locking cir-
cuit of relay 50{ aflowing such relay to deener-
gize. If the second 'link is busy ground on the
guard lead 616" completes the circuit for ener-
gizing the third link selecting relay £03 in a
similar manner. Relays 5083, 504, 505 and 308

operate in sequence opening the locking circuit:

to. the preceding link selecting relay and con-
necting the guard leads of “heir associated links
to the upper windings of the succeeding link se-
lecting relays until an idle link is found. When
an idle link is found the absence of ground on
the guard lead prevents further operation of the
link selecting relays and opens the circuit of re-
lay 586 which thereupon deenergizes. Relay 586,
upon restoring, at armature 594 opens the circuit
to the time control relay 581 and: at armature
§93 prepares a point in the circuit for the link
connecting relay of the preselected idle link.
When the calling subscriber hears the well
known dial tone such subscriber will dial the first
two digits of the called number in accordance
with the called subscriber’s Hne and then the
third digit in accordance with the ringing code
assigned to the desired subscriber on this line. In
response to the operation of the calling device CD

at the calling line for the first digit the circuit ex-

tending over the heavy talking conductors to re-

. lays 690 and 692 is interrupted in accordance with

the digit dialed. Whenever the dialling eircuit
is interrupted line relay 690 deenergizes and at
armature 691 opens the circuit of the impulsing
relay 649. Impulsing relay 646 therefore fol-
lows the impulses and at armature 641 opens
a point in its own locking circuit, at armature

7

842 and working contact opens the circuit of

- slow to release relay 890 which remains in ener-

glzed position during the impulsing period due

to its slow releasing characteristics and at its
resting contact completes a circuit for energizing g
the series relay 850 as follows: from ground by )
way of armature §87, armature 642 and resting
contact, armature 622, and through the winding

of relay 850 to battery. Relay 8§50 is also a slow

to release relay and maintains its armatures at- 10
- tracted throughout the Impulsing period. Relay .

8589, upon energizing, at armature §51 -connects
battery through resistance $09 in shunt of the
battery through the relay 882 to improve the
impulsing circuit, at armature §52 completes a 15
circuit for energizing relay 71 0, at armature 653 -
completes a locking circuit by way of armature

* 636 through the lower winding of relay 630 and

grounds conductor 8§37 by way of armature 637
in order to operate the counting relays shown 29
in Fig. 8 and at armature §54 completes a cir-
cuit for energizing relay SI in Fig. 8 as. follows:
from ground by way of armature 638 and work-
ing contact, armature 654 and working contact,
armature 674, conductor 795, armature 182, arm- 25
ature 791 and resting contact, conductor 7685,
and through the winding of relay Si to battery.
The circuit for energizing relay 7i0 may be traced
trom grounded armature 667, armature 342 and

-Testing contact, armatures 623, §35 and §52, con- 30

ductor 733, armature 703 and resting contact,
and through the winding of relay 110 to battery.
Relay 8l at armature 896 grounds conductor 729

to provide & locking circuit for the impulse
counting relays and at armature 805 completes a 33
locking circuit for itself which may be traced
from grounded armature §25, conductor 328,
armature 193, conductor 161, armature 813, arm-
ature 885 and through the winding of relay SI

to battery. Relay S at its remaining armatures 4¢
connects up the connector group controi relays
CGR, relays 750, 1608, and 800 to the impulse
counting relays. Relay 710 at armature Ti{ pre-
pares a circuit for reenergizing impulsing relay.
840 when the line relay 699 is again energized, 45
at armature 112 prepares & point in the circuit
for testing the busy or idie condition of the
called line, and at armature 714 prepares 8 cir-
cuit for energizing relay 700. Relay 700 will not.
energize at this time because its lower winding 50
is short circuited from grounded conductor 733 -
by way of armature 763 and resting contact, and

by way of armature 7{4 and working contact,
armature 722 and resting ‘contact, to grounded .
conductor §97. o 55
~ When line relay 890 reenergizes after the ter-
mination of the first impulse g circuit may be
traced for reenergizing impulsing relay G40 as
follows: from grounded armature 691, conductor
728, armature 111, resting contact and armature 60
1081, conductor 726, and through the winding of
impulsing relay 649 to battery. At armature §41
impulsing relay 640 again completes its locking
circuit through resistance 643, at armature 642
and resting ‘contact opens the circult of series 65
relay 859 and also removes ground from conduc-
tor 133 and at the working contact of armature
542 again completes the circuit for relay 600
before the latter relay has had time to deener-
gize. In response to the removal of ground from 70
conductor 133 the short circuit around the lower
winding of relay 700 is removed with the result
that relay 700 now energizes in series with relay
149 as follows: from ground by way of arma-
ture 683, armature 837 and working contact, 75
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conductor 697, resting contact and armature 722,
armature 1{4 and working contact, through the
lower winding of relay 700 and through the wind-
ing of relay T10 to battery. Relay 710 is main-
tained energized over this circuit. Relay 700,
upon energizing, at armature 101 and resting
contact opens the previously traced energizing
circuit for relay 640 which is now held energized
over its own locking circuit, and at its working
contact prepares & point in the circuit for again
reenergizing the impulsing relay 640 after the
next impulse. At armature 703 and resting con-
tact relay 100 opens the original energizing cir-
cuit of relay Ti0 and at its working contact pre-
circuit for energizing relay 720 through
the upper winding of relay 160. At armature 704
relay 100 connects grounded conductor 687 to
conductor 116 to energize counting relay 810 by
way of armature 881.

At armature 871 relay 870 prepares.a point in
the circuit to the first connector unit relay 310,
at armature 812 prepares a point in the circuit
to the seventh connector units relay, and also
prepares the circuits for the finder group relay
432 and relay 800, at armature 873 temporarily
opens the locking circuit of relay Si which is
without effect during the impulsing period, at
armature 814 prepares the circuit for energizing
counting relay 862, at armature 8715 completes a
locking circuit for itself, at armature 816 opens a
point in the locking circuit of relay 830, at ar-
mature 811 completes a circuit for energizing

" counting relay 880, at armatures 8718 and 879 pre-
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pares circuits for connecting the code combina-
tion conductors C1 and Cl to the lower winding
¢f ringing relay 810. The locking circuit for re-
lay 870 may be traced as follows: from ground at
armature 806, conductor 129, armatures 845, 855,
865 and 875 through the winding of relay 870 to

battery. Counting relay 880 energizes over the

following circuit: from grounded conductor 691,
armatures 826 and 836 in multiple, armatures 811,
and through the winding of relay 880 to battery.
Relay 880, upon energizing, at armature 811 opens
the original energizing circuit of relay 870 and
at armature 882 completes the locking circuit for
itself independent of armature 881.

In response to the second impulse of the series
line relay 690 again deenergizes and again opens
the circuit of the impulsing relay 640 which like-
wise deenergizes. At armature 642 and resting
contact relay 640 again completes the circuit for
the serics relay 650 before the latter relay has had
time to deenergize, and also grounds conductor
133 for energizing relay 720 in serles with relay
700. This circuit may be traced from grounded
conductor 133 by way of armature 703 and work-
ing contact, through the lower winding of relay
1700, and through the upper winding of relay 120
to battery. Relay 130 is maintained energized
over this circuit and relay 720, upon energizing, at
armature 721 prepares a circuit for reenergizing
relay 640 when line relay 690 again energizes and
at armature 722 opens the locking circuit of relay
718 which now deenergizes. Relay 1190, upon de-
energizing, at armatures 7i3 and T14 completes
the locking circuit through the lower winding of
relay 720 as follows: from grounded conductor 697
by way of resting contact and armature Ti4,
armature 122 and woerking contact, armature Ti3
and through the lower winding of relay 720 to
battery. . . C

At the end of the second impulse line relay 690
again energizes and this time completes & clrcuit
for energizing reley 640 from grounded armature
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881 by way of conductor 126, armature 121, work-
ing contact and armature 701, conductor 7126,
and through the winding of relay 640 to battery.
At armature 641 relay 640 again completes its own
locking circuit and at armature 642 again com-
pletes the circuit for slow acting relay 600 and

‘also removes ground from conductor 7133. In re-

sponse to the removal of ground from conductor
133 the circuit through the lower winding of relay
700 is opened and the latter relay thereupon de-

.energizes. At armature 101 relay 100 opens the

1ast mentioned energizing circuit of relay 640 and
prepares a point in the alternate energizing cir-
cuit for the same relay, at armature 703 again
prepares the circuit for relay 110, and at armature
704 disconnects ground from conductor 716 and

. gonnects ground to conductor 709 for energizing

counting relay 860 by way of armature 814.
Counting relay 869 at armature 861 prepares the
circuit extending to the finder group control re-
lay 422, at armature 862 prepares the circuit ex-

[
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tending to the finder units relay 380 which, how- -

ever, is ineffective at this time and is only effective
during the dialling of the second digit; at arma-
ture 862 prepares the energizing circuit for count-
ing relay 850, at armature 864 completes its own
locking .circuit, at armature 865 opens the lock-
ing circuit of relay 810, and at armatures 866 and
861 prepares circuits for connecting the ringing
relay 818 to the combination ring conductors C8
and C2? in case the third digit or the code ring
digit is being dialled. The locking circuit for
relay 860 extends from grounded conductor 128
by way of armatures 845, 855 and 864. Counting
relay 810 deenergizes and at armature 813 again
completes the locking circuit for relay Si, and at
armature 816 prepares a point in the locking cir-
cuit for counting relay 830. At armatures 874 and
877 relay 870 opens the initial energizing circuits
of relays 866 and 880, respectively, but said relays
do not deenergize at this time because the same
are maintained energized over their previously
traced locking circuits, and at armature 872 opens
the prepared circuit for the connector group con-
trol relay 432. :

In response to the third impulse relays 690 and
640 deenergize and the latter relay at armature
642 again grounds conductor 133. Since relay 100
is in deenergized position the circuit for energiz-
ing relay 710 is complefed through the resting
contect of armature 703 from grounded con-
ductor 133 and the latter relay upon energizing
at armatures T13 and Ti# opens the locking cir-
cult of relay 120 whereupon relay 720 now deen~
ergizes.
pares. the energizing eircuit for impulsing relay
640. At armature 122 relay 720 short circuits the
upper winding of relay 100 by way of armature
118 and armature T03. :

.At the end of the third impulse line relay 690
energizes and at armature 691 completes the cir-
cult for energizing relay 648. At armature 842

‘relay 640 disconnects ground from conductor 133

in order to remove the previously traced short
circuit around the upper winding of relay 100.
In the same manner as previously described re-
lay 100 now energizes in series with relay 710
and relay 700 at armature 704 completes the cir-
cuit from grounded conductor 687 for energizing
counting relay 850 by way of operated armature
863. At armature 85¢ relay 850 prepares a circuit
for operating connector group control relay 432,
at armature 852 prepares the circuit for energiz-
ing relay 160 or connector units relay 390, at

- armature 853 prepares the energizing circuit of

At armature TI{ relay 10 again pre- §
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counting relay 848, at armature 854 completes its

, own locking circuit by way of srmature 846 and

16

40

45

[H1]

65

grounded conductor 728, and at armsture 885G
opens the locking circuit of counting relay 866,

" which now decnergizes. Relay 868, upon deen-

ergizing, at armature 86! opens the prepareqd cir~
cult for the connector group control relay 822, at
armature 882 opens the initial energizing circult
of relay 858, and at armature 285 prepares &
point in the locking circuit for relay 8718.

The foregoing cycle of operations of the im-
bulse repeaiing relays 740, 108 and 126 continues
until the end of the impulse series, Thet is, at
the start of each odd impulse relay 748 energizes
and relay 72 deenergizes and at the end of each
odd impulse relay 760 energizes and grounds con-
ductor 715 to operate the counting relay having
its circuit prepared by the last actusted counting
relay. At the start of each even impulse relgy
126 energizes and causes relay 710 to deenergize
and at the end of each even impulse relsy 168
decnergizes and grounds conductor 168 to op-
erate the counting relay having its circuit pre-
pared by the last actuated counting reley. The
energizing eircuit for the impulsing relay 846 is
taken through armatures 164, 714 and 72f so
that en “light impulses” (weak impulses received
over “leaky” lines) the circuit to reley 648 cannot
be closed until after relay 718 or 720 operates
thus insuring the proper operation of the impuise
repeating relays. Impulse counting relsys 856,
848 and 830, respectively, operate in response to
the third, fourth and fifth impulses of the series.
Each counting relay opens the locking circuil
of the preceding counting relay, prepeares the cir-
cuit to the succeeding counting relay. Each
counting relay prepares the circuit to its ssso-
ciated connector group control relay in the seme
manner as described for counting relay 888. .

On the sixth impulse counting relay 826 ener-
gizes from grounded conductor 188 by way of
armature 883, and at armature $25 closes its own
locking circuit to grounded conductor 729, at ar-
matures 812 and 822 switches the generator lead
648, at armature 828 transfers the operating cir-

‘cuit for the connector group control and connec-

tor units relays, at armature §24 completes g cir-
cuit for maintaining relay St in operated posi-
tion from grounded conductor T8t, at its inner
upper ermature opens a point in its original en-
ergizing circuit after the relay is locked up by
wey of armature 825. At armature §26 reley 820
opens the locking circuit of relay 880 sincs relay
830 is at this time also energized, at armature 827
prepares circuits for connecting the code ringing
combination leads CT to CI6, inclusive, to the
lower winding of relay 88, and st armature §38
prepares a point in the circuit for connecting
relay 810 to the mask conductor M2. Relay 888,
upon deenergizing, at armature 881 again pre-
pares the circuit of counting relay 876.

On the seventh impulse of the series relay 878
reenergizes closing its locking circuit at armature
875, opening the locking circuit of relay 838 at
armature 878, preparing the eircuit of relay 880
at armature 872, and at armature 8§74 preparing
the circuit of relay 868. Counting relay 880 de-
energizes and at armature 836 completes the cip-
cnit from grounded conductor 697 for reenergiz-
ing relay 888 by way of armature 877. Relay 888
operates and closes its locking circuit ai srms-

.ture 882 and at armature 881 opens the initis]

energizing circuit of relay 870. Succeeding im-
pulses of the series operate relays 860, €60, and
840 in seqguence, as previously described. ‘The

" equipment.

-
following chart shows the relationship between
the impulses dislled, the impulse repeating ye-

lays, the impulsing counting releys, and the ciy-

cuiis controlled thereby for the different digits,
- Impulsing chart ’

‘ ; Ist digit | 2nd digit | 3rd digit
Imp. rept, rlys. and
counting relays en- Igf‘f’%‘f p!i;!tpafres selleets
ergized for eech im- | % e 150" ring.
pulse olays relays | comb.
. (81-oper.)| (SZ-oper.)| lead
18t Imp. | 710, 760-889,'870_ ...} ____ 310 C1
2nd Imp , 860._______ ... 422 320 Cc2
3rd Imp. | 716, 700-820, 850._ 432 330 , C3
4th Imp 0, 840__.. 442 340 C4
Stk Imp. | 710, 70-880, 830, 452 350 Cs
6th Imp 39, 820...... 462 360 Cs8
7th Imp..| 710, 700-820, 889, 800 370 o7
8th Imp. | 720-820, 880, 860 ____.__(._.___ . __ 380 cs
8th Imp, | 710, 700-820, 880, 850___ _ 760 360" Cg .
10ch Imp. | 720-820, 880, 840._____ 750 300 Clg

After the last impulse of the serles, series relay
660 deenevgizes and at armature 652 opens the
impulsing circuit to the impulse repeating relays
708, 718 and 720. At armsture 663 relay 660
onens the loeking circuit through the lower wing-
ing of relay 683 and also removes ground from
conductor 887 to open the locking circuit of
couniing relay 888 and the locking cirveuit for.
the operated impulse repeating relays. At arme-
ture 684 velay 658 opens the imitiel energizing
circult of relay S, and at the resting contact
of armature 684 completes the civeuit for ener-
gizing the selected connector
relay 768, relay 758, or relay 806, depending upon
the digit dialled,

If the fAivst digit received is the digit 1 series

relay 658 upon restoring at srmature §38 opens
the circuit of relay Sf and the latier relay upon
restoring et armature 808 opens.the locking ¢ir-
culy to counting relay 878. Af srmature £63
relay €6€ disconnects ground from conductor 687
te deenergize relay 888. In response to the de-
energization of series relay 658 the counting re-
lays 878 and 868 ere restored to their normel
position without accomplishing any useful func-"
tion. This circuit arrangement iz provided to
preven, g preliminsry jmpulse from tying up the

In case the first -digit is the digit 9 series
relay 680, upon restoring, at armeature 554 closes

‘the circult for energizing relay 168 as follows: °

from ground by way of armature §38 and work-
ing contact, armature 654 and resting contact,
armature 685 and resting contact, armature 377,
conductor 73§, armature 823 and working contact,

armature §52, srmature 847, conductor 718, and °

through the winding of relay 768 to battery. The
digit 9 is only dislled when & trunk connection
to another exchange is desired and will be de-
scribed in detail hereinafter,

If the first digit is the digit 0 series relay 850,
upon restoring, at armature 654 closes the circuit
for energizing relay 758 as follows: from ground
at armature €38 over the previously traced cir-

cuit to conductor 736, thence by way of arma- 6

ture 822 and working contact, armature 842, ar-
mature 815, conductor 717, and through the wind-
ing of relay 188 to battery. The digit 0 is only
dialled when a trunk connection to & different
exchange is desired, and will be- described more
fully heveinafter. ..

In case the first digit dialled is 7 series relay
638, upon restoring, at srmature 656 closes the
circuit for energizing relay 806 as follows: from
ground ai armature 638, over the breviously

group control relay,
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traced circuit to conductor 135, and thence by

.- way of armature 823 and working contact, axmsa~

ture 812, armature 818, and through the winding
of relay 800 to battery. Reiay 808 closes the
circuit to the. connector group relay 432, and

. prepares to ring the ilines in this group or the

. 80-line group with the
- It will therefore be seen that there may be as
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. group in a manner
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second set of ten codes.

many as twenty subscribers on any of the lines
in the 30-line group: the digit 3 tc be used for
calling the first ten subscribers on & line in the
30-line group; while the digit 7 will be used for

" calling the last ten subscribers on & line in the

30-group. 'These operations will be described
more fully hereinafter.

In case the first digit is 2, 8, 4, & or 8, series
relay 650, upon restoring, at armature €84 com-
pletes the circuit for energizing the conunector
group centrol relay in accordance with the digit
dislled. In this case assuming that the first digit
dialled is the digit 3, then the connector group
control relay 432 is energized over the following
circuit: from ground by way of armature 038
and thence over the previously traced ecircuit to
conductor 136 and thence by way of armature
823 and resting contact, armsature 831, armature
816, conductor 483, through the winding of relay
§32 to battery. Connector group control relay
432, upcn energizing, at armature 435 completes
a locking circuit for itself from grounded con-
ductor 318, which conductor, it will be remem-
bered, was grounded by way of conductor 329
at armature 626 of relay 820. At the upper ar-
matures of relay 432 the test leads are con-
nected to the connector units relays through the
windings of all of the cut-off relays in the 30-line
similar to ithat illusirated
by the connection of conductor 494 through ar-
matures #37 and 479 to the winding of cut-off

relay 471 associated with the line 33. At arma~ -

tures 4383 and &34 relay 432 prepares circuits
for energizing the connector group iine relays
430 and 48!, and at armature 438 completes a
circuit for energizing relay 798 as follows: from

-ground by way of armature £26, conductor 487,

armature 807, conductor
winding of 190 to battery.
At armature 1981 relay 780, upon energizing,

134, and through the

at armature 781 and resting confact opens the
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initial energizing circuit of relay SI and at its

working coniact prepares the circuit for energiz- -

ing relay S2. At.armature 192 yelay 180 dis-
connects dial tone from the calling subscriber’s
line, at armature 798 disconnects ground from
conductor 76§, thereby opening the locking cir-
cult of relay Si, at armature 198 prepares a cir-
cuit for selecting an idle trunk, and at armature
194 completes a locking circuit-for itself which
may be traced as follows: from ground by way
of armature §25, armature €58 and resting con-
tact, armature 876, conductor 688, through the
normally closed springs contrelied by armature
186, armature 194, and through the winding of
relay 190 to battery. Relay 81, upon restoring,
at ermatures 308, 808, and 814 to 8!8, inclusive,
disconnects the connector group control relays

" from the impulse counting relays, at armature

70
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807 opens the initial energizing circuit of relay

180, at armature 818 opens a point in the circuit

for relay 800, and at armature 806 disconnects
ground from conductor 128 to open the locking
circuit of the impulse counting relays which now
restore, o ' .

~ The equipment i3 now ready to receive the sec-
ond digit of the called number and in the same

2,028,289

manner as previously described the line relay 690 )
and the impuise repeating relay 649 follow the
second series of impulses. The series relay 550,

_the impulse repeating relays 100, 710 and 120,

and the counting relays operate as previously de-
scribed, and in accordance with the previously

(5]

. disclosed chart. In this case, however, instead of

series relay 650 completing a circuit for energiz-

ing relay S1 the circuit for relay S2 is ‘completed
as follows: from ground by way of armature 638 10

.and working contact, armature 854 and working

contact, armature 811, conductor 108, armature
182, armature 191 and working contact conductor
169, and through the winding of relay S2 to bat-
tery. At armature 829 relay S2 compleies its own 15
locking circuit which may be traced from ground-
ed conductor 829 by way of armature 13{ and
conductor 168. ‘At armature 839 relay S2 grounds
conductor 729 to prepare the locking circuits for
the impulse counting relays. At armature 848 oo
prepares circuits for relay 180.and at the remain-
ing armatures connects the connector units re-
lays CUR to the impuise counting relays. The
impuilse . counting relays operate in the same.

manner as previously described and prepare the o5

circuits to the connector units relays in accord-
ance with the digit dialied.

After the last impulse of the second series is
received series relay 650 deenergizes and closes
the cireuit for energizing the idle connector units 30
relay, opens the initial energizing circuit of relay
52, and opens the circuit of the impulse repeating
relays to allow them to restore. Assuming that
the second digit cialled is the digit 3 then when
series relay 650 deenergizes said relay at arma- 33
ture 654 completes a circuit for energizing the -

_connector units relay 330 as follows: from

ground by way of armature 638 and working
contact, armature 654 and resting contact, arma-
ture 685 and resting contact, armature 671, con-
ductor 135, armature 823 and resting contact,
armature 851, armature 869, conductor 3 in cable
315, and through the winding of relay 239 to bat-
tery. At armature 33{ finder units relay 330
completes a locking circuit from grounded con- 43
ductor 229, at armature 333 prepares & circuit for
energizing connector group line relay 430, at
armature 338 connects the test lead of the called
line, in this case line 332, to conductor 339, at
armatures 336 and 337 prepares a point in the 50
circuit for connecting the talking conductors of
the called line to talking conductors %89 and 379,
and at armature 332 conipletes a circuit for en-
ergizing relay 180 by way of conductor 325,
armature 848, conductor 116, and through the 53
winding of relay 180 to battery. ‘

At armature 181 relay 780 opens the locking
circuit of velay S2, at armature 782 opens &
point in the initial energizing circuits of both
relays Si and S2, at armature 183 prepares & 60
point in the circuit for transmitting the ring
back tone to the calling subscriber, at armature
784 prepares a point in the test circuit to deter-
mine whether the line called is busy or idle, at
armature 785 completes & locking circuit for it- 8
self from grounded conductor 141 by way of
armature 112, and at armature 186 transfers the
locking circuit of reley 790 from conductor 888
to conductor 185, At armature 187 relay 180 pre-
pares a point in the pick-up circuit of the ringing 70
machine, at armature 188 prepares & point in the
circuit for grounding conductor 728, at armature
189 prepares & circult for maintaining relay 810
in energized position, and at armature 178 pre-

40

_pares a point in the hold .circuit for relay 830. 18
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Relay S2, upon deene'rgizing, at armature 839

.opens the locking circuit of the impulse counting

relays, at armature 848 opens the.initial ener-
gizing circuit of relay 786, and at the remaining
armatures disconnects the connector units relays
from the impulse counting relay. The impulse
counting relays thereupon deenergize and the
equipment is ready to receive the third or ringing
digit of the called number. .

The called subscriber is signalled by means of
various combinations of long and short rings.
Subscribers 1 to 5 are signalled by a long ring
accomplished by ground over the first mask lead
Mf followed by a series of short rings accom-
plished by ground pulses over the combination
leads CI to C5 to operate ringing relay 810. Sub-
scriber 6 is signalled by two long rings accom-
plished by ground over the first and second mask
leads M! and M2 to operate ringing relay 819 for
two long periods. - Subscribers 7 to 10 on a line
are signalled by a series of short rings accom-
plished by ground pulses over the combination
leads CT to CI9 followed by a long ring accom-
plished by ground over the second mask .lead

M2 to operate ringing relay 810. Subscribers 11

to 20, whenever twenty subscribers are on a sin-
gle line, are signalled by a series of short rings
accomplished by ground pulses over the combi-
nation leads Cl to C10, inclusive, to operate ring-
ing relay 819. In the particular instance shown
the first digit to be dialled in order to signal
subscribers 11 to 20, inclusive, is the digit 7
which, due to the operation of the counting re-
lays, causes the energization of relay 800 to open
both mask leads M1 and M2 as well as selecting
& connector group control relay in a certain line
group, in this case the line group 30. :

In response to the third digit line relay 690 and
impulse repeating relay 640 follow the impulses*

as previously described. Relay 640 causes the
energization of series relay 658 and the impulse
repeating relays as previously described. In this
case, however, series relay 850 at armature 654
opens-the locking circuit of relay 790 instead of
closing the circuit for relays S! or S2. Relay
118, upon energizing at the beginning of the first
impulse of the third series, at armature 712 com-
bletes a circuit for testing the idle or busy condi-

tion of the called line. In case the called line is-

busy ground will be connected to armature 479
and this ground extending by way of armature
547, conductor 494, armature 338, resting contact
and armature 308, conductor 399, normally closed
springs controlled by armature 7153, conductor
123, armature 673 and resting contact, normally

closed springs controlled by armature 683, con-.

ductor 719, armature 784, armature 712, arma-
ture 702 and resting contact, conductor 121, and
through the lower winding of busy relay 610 to
battery for energizing the latter relay. :

In case the called line is idle relay 700, upon

-operating at the end of the first impulse, trans-

fers the test lead of the called line from the busy

‘relay 670 to the line test relay 680 at armature .

102. 1In case the called line is idle, line test relay
880 is - energized over the following ' circuit:
ground through the upper winding of relay 689,
conductor 728, working contact and armature
162, armature 112, and thence over the previously
traced circuit to armature 479 and through the
resting contact of armature 479 and through the
winding of cut-off relay 471 o battery. The line
test relay 680 and cut-off relay 471 energize in
series over this circuit. Relay 780 restores as
soon as its locking circuit is opened by the opera-

- 11
tion of series relay 650 and at armature 196 pre-
pares the locking circuit for the impulse count-
ing relays by grounding conductor 728, The im-
pulse counting relays operate in response to the
impulses received in the same manner as pre-
viously described, to prepare the connection of
ring leads to the winding of the ringing relay 810.
Relay 680, upon energizing, at armature 884
opens a point in the dial tone circuit, at armature
682 prepares the circuit for energizing the con-
nector group line relay corresponding to the digit
dialled; at armature 683 connects direct ground
to the test conductor of the called line instead of
ground through the upper winding of line test
relay 680, at armature 684 completes g locking
circuit through its lower winding by way of arma-
ture 668 and grounded conductor 329, at arma-
ture 685 prepares a point in the circuit for ener-
gizing relay 890 of Fig. 8, at armature 686 opens
the circuit extending through the upper winding
of relay 638, at armature 687 prepares a point in
the circuit for maintaining the slow to release
relay 610 energized on reverting calls, and at
armature 688 completes a circuit for grounding
the generator start conductor 657 for energizing
the generator start relay 900 in Fig. 9. i
Cut-off ‘relay 4711, upon energizing over the
previously traced circuit, at armatures 471 and
478 opens the circuit to relays 473 and 472 and at
the working contact of armature 478 completes
the ecircuit for energizing relay 410. The con-

.-mection of direct ground to the test conductor of
-the called line at armature 683 makes the called

line' test busy to other subscribers calling the
same.. - At armature 416 cut-off relay 471 con-
nects this direct ground by way of conductor 457

. to mark the line busy in the calling terminals of

the finder group and: units relays. Relay 470,

.upon operating, at armature 875 prepares a lock-

ing circuit for itself.

At the end of the series of .impulses series re-
lay 850, upon restoring, at armature 653 opens
the locking circuit through the lower winding of
relay 630 and also disconnects ground from con-
ductor 697; at armature 652 opens a point in the
impulsing circuit to the impulse receiving relay;
at armature 651 opens a multiple circuit through
resistance 609; and at armature 654 prepares the
circuit for energizing relay 899. Relay 630, upon
deenergizing, at armature 634 transfers the cir-
cuit for relay 600 to the contact 681 of relay 690;

- at armatures 635 and 637 opens a point in the

circuit to the impulse receiving relay to prevent
further operation of the impuise counting relays
if the circuit to relay 640 is again interrupted,
at-armature 631 removes the resistance 609 from
in multiple with relay 692 to improve trans-
mission; at armature 632 completes g circuit for
energizing the connector group line relay asso-
ciated with the called line, in this case relay 430;
at armature 638 prepares a further point in the
circuit for energizing relay 890, and at armature
639 connects ground to the generator start Jead
657 by way of armatures 745 and 68§ for energiz-
ing the generator start relay 900 in Fig. 9.

The circuit for energizing the connector group

line relay 430 may be traced as follows: - from .

ground by way of armature 632, armature 682,
conductor. 319, armature 333 of the operated
finder units relay 330, conductor 355 through ar-
mature 438 of the operated connector group con-
trol relay 432 and through the winding of con-
nector group line relay 430 to battery. At arma-
tures 438 and 439 relay 430 connects the talking
conductors of the called line to the winding of
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relay 740 and relay.J14. One side of the called
subscriber’s line is eonnected by way of ground

- at armature 614, conductor 146 through the lower

10

winding of relay 740, resting contact of armature

131, 742, and 152 and said armatures, conductor -

114, resting contact and armature 813, conductor
389, armature 337, conductor 495, armature 438,
to the upper line conductor of line 33. Battery
through the winding of relay 174 is connected to
the lower line conductor of the called line by way

 of resting contact and armature 161, conductor
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168, resting contact and armature 812, conductor .

319, armature 336, conductor 496, armature 439

and thence to the lower line conductor of line 33.

When generator start relay 900 energizes in
response to the deenergization of relay 630 after
the last digit has been dialled, relay 900 at arma-
ture 9716 completes the circuit for energizing relay
890, at armature 871 completes an obvious circuit
for energizing slow to operate relay 939, at arma-
ture 916’ completes a circuit for energizing relay
960, and at armature 978 temporarily grounds the
generator alarm lead extending to Fig. 11." The
circuit for energizing relay 880 may be traced
from ground by way of armature 638 and resting
contact, armature 685 and working contact, con-

ductor 136, armature 181, conductor 718, through

the left hand winding of relay 896, pick-up con-
ductor PU, armature 916, armature 984, and
through the resistance to battery. Relay 890,
upon energizing, at armature 892 completes &
locking circuit for itself as follows: from ground
by way of armature 932, hold conductor H, arma-
ture 892, conductor 715, armature 119, conductor
711, and through the right-hand winding of relay
890 to battery. At armature 891 relay 890 com-
pletes a circuit for energizing relay 130 from
ground by way of armature 936 over the drain
conductor D, armature -891, conductor 131, and
through the winding of relay 730 to battery.

Relay 130 at armature 731 and its working con-

tact connects ground through the resistance 132
to the talking conductor by way of armatures
142, 152 and 813 to discharge the condensers on
the Hlne being signalled. The condensers con-
nected to this line conductor are discharged so as
to prevent the discharge of such condensers from
operating the ring-cut-off relay 740 before the
called subscriber answers. Af armatures 893 and
894 relay 890 connects the mask leads M{ and M2
to the contacts of the impulse counting relays and
to the upper winding of ringing relay 810. At the

remaining armatures relay 890 connects the com- '

bination ringing conductors Cl to C10, inclusive,
to the contacts of the impulse counting relays.
The circuit for energizing relay 960 extends

* from grounded armature 932, armature 916’, ar-

mature 980 and resting contact, through the wind-
ing of relay 860, and by way of armatures 976 and
984 to the resistance and battery. The connec-
tion of ground to the general alarm lead at ar-
mature 978 if maintained thereon for & prede-
termined time causes the alarm equipment to
operate and transmit an alarm in case the ring-
ing machine or the code interrupter fails to op-~
erate. At armature 977 relay 800 also completes
a circuit for energizing relay 940 by way of the
resting contact and. armature 985. Relay 940

energizes and operates its armature 989 to pre-.

pare a circuit for energizing the lower left-hand

primary winding of the ringing transformer RT
- by way of springs 988 and armature 99(, and at-
“springs 986

prepares a circuit for short circuit-
ing its own winding. A short interval after the
energization of relay 940 relay 939 energizes am_i-

2,028,239 .
_opens the circuit of relay 960 at armature 984

which had previously energized and attracted its

_armature 981. Atfarmature 983 relay 939 grounds

the interrupter start lead for operating the in-
terrupter relays 918 and 915 of the code inter- 5
rupter and at armature 085 and its working con-
tact completes a short circuit around relay 940
by way of springs 986 and armature 989. Relay
960 deenergizes. In response to the deenergiza- -
tion of relay 960 spring 981 starts to vibrate and 10
prepares an intermittent circuit for slow to re-
lease relay 938. When relay 940 is short circuited
said relay releases its armature 989 to open the
short circuit around its own winding at springs
985, and to open the prepared circuit to the left- 15
hand - winding of the ringing transformer at
springs 988. Vibrating armature 989 due to the
weight on ifs lower end engages the spring 981"
to prepare the circuit through the right hand
primary winding of ringing transformer RT. 20
Relay 940 now energizes from grounded arma-
ture 8171 by way of resistance A and again com-
pletes, upon the operation of its vibrating ar-
mature 989, the short circuit ground its own -
winding, and at the same time preparing the cir- 25
cuit .through the lower left hand winding of
the ringing transformer RT. Relay 940 again
restores and removes its short circuit while the
momentum of the weighted spring again closes
the circuit to the right hand winding of the 30
ringing transformer. The foregoing cycle of op-
erations of relay 980 continues until its circuit
is opened at armature 977. ‘When relay 939 ener-
gized said relay at armature 983 grounded the
interrupter start lead thereby completing a circuit 35
for energizing interrupter relay 818, and the lat-
ter relay at armature 937 completes an obvious
energizing ‘circuit through the lower winding of
relay 975. Relay 975, upon energizing, at ar-

“mature 990 completes a locking -circuit through 40

its upper winding from grounded armature 971
and at armatures 991 and 992 completes the cir-
cuits to the left-hand and right-hand primary
windings of the ringing transformer RT. The
magnetic flelds of the left-hand and right-hand 45
primary windings of the ringing transformer

.RT are in opposite directions and when ener-

gized alternately by the vibrating armature 988,
as previously described, they induce an alternat-
ing current in the upper secondary windings of 50
the ringing transformer for ringing purposes. A
part of the alternating current generated in the
secondary -winding of the ringing transformer
extends by way of the condenser Y through the

‘winding of alternating current relay 958 to 55

ground. Relay 958 energizes and at armature
979 closes a circuit through the vibrating ar-
mature 981 for relay 938. Relay 838 energizes
and is maintained energized as long as relay 958

is energized and armature 981 vibrates. Relay 60
938 at armature 982 removes ground from the
alarm lead extending to Fig. 11 to prevent the
transmission of an alarm. If for some reason
ringing current is not generated then relay 958
does not energize to close the circuit to 338. Re- 65
lay 988 will therefore not energize and the gen-
erator alarm conductor is maintained at ground
potential to operate the alarm equipment after

‘a predetermined interval. -

When ground is connected to the interrupter 70
start ledfl at armature 983 interrupter relay (11 ]
alone energizes at this time bacause interrupter.
relay 914 is short circuited from the grounded
interrupter start lead through the winding of

relay 914 and by way of armature 957 back to 75
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- the interrupter start lead: Interrupter relay 218,

upon energizing, at armature 93§ disconnects
ground from the winding of relay 780 to cause
its deenergization. At armature 937 relay 815
completes the previously traced circuit through
the lower winding of relay 375 and at armature
857 removes the short circuit from around relay
- 914 to permit the latter relay to energize by way
- of the grounded interrupter start lead. At arma-
“ture 974 relay 915 completes the circult for en-

ergizing master control relay 942 as follows:

from ‘ground at armature
. 8rmature 872 and resting contact, and through
the winding of master control relay 312 to bat-
tery. At armature 953 relay 942 prepares s ‘cir-
cuit for energizing the odd code forming relays

and completes g ‘circuit for energizing the first

code forming reiay 801 as follows: from grounded
interrupter start lead, armature 954 ang resting
contact, armatures 953, 951 and 950, and through
the winding of relay 901 to battery. At arma-
ture 372 relay 9i2 prepares a circuit for ener-
- glzing master contro] relay 813 in series with
relay 812 but relay 913 does not energize at this
time because its energizing winding is short cir-

cuited from the grounded interrupter start lead.

by way of resting contact and armature 971, gr-
mature 972 and working contact, through the
upper winding of relay 913, resting contact and
armature 973, and armature 874 to grounded in-
terrupter start lead. Code forming relay 901,
upon energizing, operates its upper armatures
9010 to 9018, inclusive, to prepare circuits for
8rounding the combination ring conductors CI
to C8, inclusive, and C10. At armature 944 re-
lay 901 prepares the energizing circuit of the
second code forming relay 802 and at armature
96 completes g locking circuit for itself through
the normally closed springs controlled by arma-
ture 817 of relay 902 to the grounded start con-
ductor. At srmature 916 relay 901 completes g
circuit for energizing relay 910 ag follows: from
grounded interrupter start lead through the nor-
‘mally closed springs controlled by armature 847,
armature §i8g, through the normally closed
springs controiled by armature 970, and through
the winding of relay 918 and the resistance to
battery. At armature 928 relay 994 connects the
grounded interrupter start lead to mask con-
ductor M{ for energizing ringing relay 819, This
circuit may be traced from the grounded inter-
Tupter start lead by way of armature 928, mask
lead MI, armature. 893, resting contact and ar-
mature 828, armature 803, and through the up-
ber winding of relay 810 to battery. Relay 3¢ e,
upon energizing, gt armature 95¢ opens the ini-
tial energizing circuit of code forming relay 994

the combination ring conductors CI to C§, in-
clusive, and C19 by way of the operated arma-
tures of the energized code forming relay. At
armature 953 rclay 914 completes & short eir-
cuit around interrupter
from grounded interrupter start lead through

the winding of relay 915 by way of armature 956

back to grounded interrupter start lead. After
an interval interrupter relay 915 deenergizes, at
armature 936 again completes the circuit for en-
ergizing relay 730. and at armature 9857 com-
Dletes the previously traced short circuit around
interrupter relay 914 to cause its deenergization.
" At armature 974 relay 915 opens the short cir-~

883, armature 814,

-relay 912 deenergizes,

relay 945 as follows:

13

cult from around the upper winding of master _
control relay 918 with the result that relay 913

- how energizes in series with master control re-

lay 812 as follows: from ground by way of in-
terrupter start lead, resting contact and arma- §
ture 971, armature 972 and working contact,
through the uUpper winding of relay 9(3 and

-through the winding of relay 9i2 to battery. At

armature 954 relay 918 disconnects the grounded
interrupter start lead from the odd humbered 19
code forming relays at its resting contact and
at its working contact prepares g circuit from
the grounded interrupter start lead for energiz-
ing the even numbered code forming relays. At
armature 973 relay 913 prepares a point in the 15
circuit for later -energizing the master control
relay 91!, at armature 929 connects the mask v
lead M2 to armature 928, and at armature 930
tonnects the mask lead M to armature 819, -

A short interval after interrupter relay 915 ge- 20
energizes and short circuits relay 914 at arma-
ture 957, Interrupter relay 914 deenergizes, and
at armature 956 opens the short circuit around
relay 815 to permit the latter relay to reener-
gize from the grounded interrupter start lead. 25
At armature 955 relay 9i4 disconnects ground
from the ringing .combination leads. Relay 945
operates from grounded interrupter start lead,
and the foregoing cycle of operations of relays
315 and 814 continye until ground is removed 30
from the interrupter start Jead at armature 983
by the deenergization of relay 939.

The second. time relay 9(5 Is energized, or on
the second impulse, the Interrupter relay com-
pletes a circuit for energizing master control 35
relay 811 as follows: Grounded interrupter start
lead, armature 974, armature 873 and working
contact, through the lower winding of relay 913
and through the upper winding of relay 811 to
battery. Relay 8i3 is maintained energized over 49
this circuit until Interrupter relay 915 deener-
gizes. Master control relay 911 at armature 952
completes the circuit for energizing the next even
numbered code forming relay, in this case relay
302, as follows: from grounded interrupter start 45"
lead, armature 954 and working contact, arma-
ture 952, armature 944 » and through the winding
of code forming relay 802 to battery. At arma-
ture 97! the master control relay 911 opens the
Jocking circuit of relay 812 and prepares a lock- 50
ing circuit for itself which is completed when
Master control relay 912
deenergizes and at armature 972 completes g lock-
Ing circuit from the lower winding of relay 911
to grounded interrupter start lead by way of ar- 55
mature 971. At the end of the impulse period,
or at the time when interrupter relay 915 deen-
ergizes, the latter relay at armature 974 opens .
the circuit through the lower winding of relay
313 to cause the latter relay to deenergize. At 60

" armature 954 relay 915 opens the original ener-

gizing circult of code forming relay 802 at its’

the circuit for energizing relay 912,

Code forming relay 902, upon energizing, at
its upper armatures prepares circuits for ground-
ing the combination ringing conductors C1 to C6,
Inclusive, C9 and Ci1p, At armature 942 relay 70
802 prepares the circuit for the next code form-
ing relay and at armature 962 completes a lock-
ing circuit for itself by way of normally closed
springs controlled by armature 918 to the ground-
ed inferrupter start lead, and at armature 91175
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14

opens the locking circuit- of the first code form-
ing relay 901 which now deenergizes and also
connects the grounded interrupter start lead to
mask conductor MI, thereby maintaining con-
ductor M{ grounded. .

On the next or third impulse the’ circuit to
master control
master control relay 912, upon energizing, at ar-
mature 912 opens the locking circuit of master
control relay 8i{ which now deenergizes, and at
armature 953 connects the grounded interrupter
start lead to the next odd code forming relay, in
this case relay 803. Relay 811, upon deenergiz-

ing, at armature 9562 opens & point in the orig-

inal energizing circuit.of the even numbered code-

forming relays and at armature 971 completes
the short circuit around the upper winding of
relay 913. At the end of the impulse when relay
915 deenergizes the short circuit around the up-~
per winding of relay 913 is removed and relay
913 thereupon energizes in series with relay 912,
The foregoing cycle of operations of relays 913,
9{1 and 912 continues until-ground is removed
from the interrupfer start conductor whereupcn
the interrupter relays 914 and 915 will restore.
The following chart shows twenty-four periods
of operations of the code interrupter relays in
which the periods conform to the energized and
deenergized conditions of the master interrupter
relays 914 and 815, For example, as shown in the
chart, the first vertical column indicates the en-
ergized condition of the interrupter relays 914

and 916. The second vertical column indicates

which of the master control relays are operated.
For the first period it will be seen in accordance
with the chart that master control relay 912 is
energized. The third column indicates which of
the code forming relays are operated for the va-
rious periods. It will alsc be seen that code form-
ing relays 901 and 910 are energized for the first
and second periods. The last column indicates
which of the combination ringing leads are
grounded during the different periods. As indi-

cated in the chart during the first period when .

relay 918 is energized, relays 904, 910 and 812 are
also energized and the combination ringing leads

Mi, Ct to C6, inclusive, and C10 are grounded. -

During the third period, or the third impulse as
g1p, ¢if, and
913 are energized and the ringing leads Mi, ClI
to C6, inclusive, and c8 and CI10 are grounded.

.Code interrupier chart (one cvcle)

| Master |. Code -
Periods {;’:‘;ﬁg& control | forming | Ring combination leads
914 and 915 re;gs r:lsg's . grounded
oper. . per.
) PR Energ. 912 | 901-910 | M1-C1, 2, 3,4,586,0.
2 eame- Deenerg. | 912-913 901-910 | M1.
Energ. 911-913 | 902-910 M1-C1,2, 3, 4, 5,6,9,0.
Deenerg. 911 | 902-010 | ML -
Energ. 912 | 903-910 | M1-C5,6,8,9,0. °
Deenerg. | 912-913 | 903-9iC Ml '
Energ. 911-013 | - 004-810 | M1-C1,2,3,4,6,7,8,9,0.
Deenerg. 911 | 904-910 .
Energ. 912 | 905-910 | M2, C2,3,4,5 7 8.
Deenerg. | 912-913 905-910 | M2,
Energ. 911-913 | 906-910 M2-0%,4,5,6,7,9,0
Deenerg. o1l | 906-910 [ M2. ’
Energ. g12 | 907-910 | M2-C4, 5,8, 9, 0.
Deenerg. | 912-913 007-910 | M2, .
Energ. 011-913 | 908-910 | M2-C5, 7, 8,9,
Deenerg. 911 § 908-910
Fnerg. 012 | 900-910
Deenerg
Energ.
TDeenerg
Energ.
Deenerg.
Energ.
Deenerg.
Energ. 912 | 901-010 ™MI1-01, 2, 3,4, 5 6,0.
Deonerg. | 912-013 | 901010

relay 912 is again closed. The -

ture 980 to conductor M.

"gizing circuit of code forming relay

2,023,239

In the same manner as previously described the
code forming relays are successively energized to
prepare the circuit for the stcceeding code form-
ing relay and to open the locking circuit for the
preceding code forming relay to cause the pre- 8
ceding code forming relay to deenergize. Each
code forming relay is thus energized and during
the time that interrupter relay 814 is energized
such code forming relay will ground the combi-
nation ringing leads in accordance with its up- 10
per armatures and in accordance with the chart.
1t will be noticed that the firsi four code forming
relays 901 to S04, inclusive, maintain ground on
the mask conductor M!{ continuously as long as
any one of these code forming relays are ener- 15
gized and in the case of code forming relay 904
mask conductor M is maintained grounded by
relay 904 until master control relay 813 deener-
gizes. This circuit may be traced from ground-
ed interrupter start lead armature 919 and arma- 20
After relay 913 de-
energizes there is & peried of time in which
neither of the mask conductors Ml or M2 are
grounded by the code forming relays.

When the interrupter relays energize for the 25
ninth period thereby causing the energization of
master control relay 612 and code forming relay
905 the mask conductor M2 is now grounded as
foliows: from grounded interrupter start lead, ar-
mature 920 to mask conductor M2; In a simi- 30
lJar manner mask conductor M2 is maintained
grounded continuously by the operation of code
forming relays 905, 908, 907 and 908, and master
control relay 813. The last circuit for maintain-
ing mask conductor M2 grounded extends from a8
grounded interrupter start lead through armature
923 and armature 829 of relay 813 to conductor
M2. From the foregoing it will be seen by re-
ferring to the chart, that mask conductor Mi
is maintained continuously grounded from the 40

~ first period through the seventh and that mask

conductor M2 is continuously grounded starting
with the ninth period through the fifteenth pe-
riod. :

Code forming relay 968 is energized during the 45
fifteenth period and at armsature 948 prepares
the circuit for relay 809, at armature 988 com-
pletes its own locking circuit, at armature 823
maintains ground on the mask lead M2 until
relay 812 deenergizes, ab armature 93§ completes 60
a circuit for energizing relay 959 by way of its
lower winding. Relay 959 at armature 980 opens
& point in the circuit of relay 960 at its resting
contact, and at its working contact completes &
locking circuit for itself through its upper wind- 65
ing by way of armature 9716’ and the holding
conductor H which is grounded at armature 932.
When the interrupter relays 914 and 91§ are
energized during the seventeenth period, master
control relay 812 is energized to complete the 60
circuit for energizing code forming relay 909 by
way of armatures §52 and 948, At armature
950 relay 909 opens & point in the initial ener-

] 801, at ar-
mature 948 prepares & point in the circuit for 65
short circuiting relay 810, at armature 988 com-
pletes its own locking -circuit, at armature 924
opens the locking circuit of relsy §08, at arma-
ture 933 opens a point in the circuit for con-
necting battery to the pick-up lead PU, and at 70
armature 932 removes ground from the hold
conductor H for unlocking relay 8¢9 and relay
959. - :

‘When the interrupter relays are energized dur-
ing the nineteenth period master control relays 76
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8f4 and 913 are energized to complete a circuit
for short circuiting relay 810. This circuit may
be traced from grounded interrupter start lead
by way of armature 3854 and working contact,
armatures 352 and 949 through the winding of
relay 919, armature 970, to interrupter start lead.
Relay 318, upon restoring, at armature 85! pre-

,pares & point in the circult for the first code

forming relay 994, at armature 970 opens & point

in its own locking circuit and prepares a point-
In its initial energizing circuit, at armature 925

prepares g point in the circuit for short circuit-
ing relay 909, and at armature 934 prepares a
point in the circuit for ¢onnecting battery to
the pick-up lead PU. . .

When the master_control relays 912 and 913
are energized during the twenty-second period
relay 808 is short circuited as follows: from
grounded interrupter start lead, armature 969
through the winding of relay 809, and by way
of armatures 929, 925 and 927 back to interrupter
start lead. Relay 909, upon restoring, at arma-

. ture 950 prepares & point in the circuit for en-

“

ergizing code ‘forming relay 901, at armature

949 opens a point in the circuit to relay 910, at

armature 969 opens a point in its own lock'ng
circuit, at armature 924 prepares a locking cir-
cuit for relay 908, at armature 932 again con-
nects ground to hold cenductor H, and at ar-
mature 933 prepares a circuit for connecting
battery to the pick-up lead which circuit is com-
pleted - at armature 925 when relay 91! ener-
gizes in the twenty-third period. . :
The connection of battery to pick-up lead PU
completes the circuit for energizing relay 960
as follows: from ground by way of armature
932, armature 878’, armature 980 and resting
contact, relay 960, pick-up conductor PU, arma-
tures 935, 3934 and 933, and through the resist-
ance to pick-up battery. The connection of neg-
ative battery to pick-up lead PU also completes
the circuit for reenergizing relay 890 in case the
called subscriber.has not answered at this time.
The circuit for reenergizing relay 898 may be
traced as follows: from ground by way of ar-

mature 638 and resting contact, armature 685.

and working contact, conductor 786, armature

187, conductor 718, through the left-hand wind-

ing of relay 890, to battery on the pick-up con-
ductor PU. As will be seen by referring to the
code interrupter chart, none of the code form-
Jng relays are energized during the twenty-third
and twenty-fourth periods, and in case the called
party has not answered the coede interrupter
starts on its second cycle of operations through
its 24 periods.

At the beginning of the code cycle it will be
remembered that rclay 899 energized to prepare
the ringing circuit and to prepare the circuit for
operating relay 730. Since the third digit dialled
was 3 it will be remembered that relays 710, 700,
880 and 850 are orerated to select the ring com-
bination lead C3. (Sce impulsing chart.) The
code ring for the called subscriber #333 is one
long ring followed by two chort rings. As previ-
ously described, since the mask conductor M1 is
continuously grounded during the first seven pe-
riods of the operation of the interrupter relays,
ringing relay 819 is energized for a corresponding

period of time to produce a long ring. The circuit .

for energizing relay 810 extends from the ground-
ed mask conductor Mf through armature 898,
resting contact and armature 828, armature 803,
and through the upper winding of ringing relay
810 to battery. Ringing lead combination C3 is
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grounded during the first, third and seventh pe-
riods, at which time a circuit through the lower
winding of ringing relay 810 is completed as fol-
lows: from the grounded ring comibination lead

.C3, armature 883, armature 857, resting contact 5

and armature 8217, and through the lower wind-
Ing of ringing relay 810 to battery, This latter
circuit, however, is ineffective during the first,
third and seventh periods because the ringing re-
lay 810 is already energized through its upper 10
winding over the mask lead MI. Relay 810, upon
energizing, at armature 814 connects the gener-.

- ator lead 646 to conductor 767 for transmitting a

ring back tone to the calling subscriber as fol-
lows: from generator lead 646, armature 8!1, con- 15

ductor 187, working contact and armature 183,

conductor 798, resting contact and armature 812, .
tone condenser TC, to talking conductor $93 and
thence through the talkirig condenser and over
the heavy talking conductor to the calling line. 20
At armature 812 relay 819 connects the ringing
current to the called line to signal the called sub-
scriber over the following circuit: generator lead
646, resting contact and armature 821, working
contact and armature 812, talking conductor 379,

25
armature 336, conductor 496, armature 439, over

“the lower talking conductor extending to the

called line, and thence through the switchhook:
springs, ringing condenser, and bells at substa-. .
tion 333 to ground. The other subscribers hav- 30
ing their ringers connécted to this line conductor
are also signalled. In case the subscribers on this
line should have their ringers bridged across the
two line conductors instead of the ringers being
grounded the return circuit to the ground in such 35
a case would extend by way of the upper talking
conductor, armature 438, conductor 495, armature

-337, conductor 389, armature 813 and working.

contact, and through armature 822 and working
contact to ground, : : .

During the eighth period of the .operation of
the code interrupter ground is disconnected from
the mask lead M{ by the deenergization of mas-
ter control relay 913 previously described. In
response’ to the removal of ground from ‘con- 45 -
ductor Ml the circuit through the upper. wind-
ing of ringing relay 810 is opened with the result
that the ringing relay now deenergizes to discon-
ncet ringing current from the called line. Up
to this point the operation of the ringing relay 50
810 has produced ono long ring since the con-
ductor MI has been grounded from the first to
the seventh periods, inclusive, As previously de-
scribed, during the ninth period the mask con-
fuctor M2 is grounded but in this case since relay 95
820 is not energlzed this mask conductor M2 is
not connected to the ringing relay 810. The ring-
ing relay 819 is therefore free to cnergize when-
ever .the combination ring lead C3 is grounded.

By referring to the code. Interrupter chart it wil 60
e seen that in response to the operation of code
forming relays 905 and 806 code combination
ring conductor C3 is groundsd during the ninth
and eleventh periods cof opsration of the code
interrupter relays. Ringing relay 810 therefore 65
energizes’ during the ninth reriod and again
energizes during the eleventh period to transmit
ringing currenttothecalledlinetoproduce two short
rings. Since the combination ring conductor C3 is
not again grounded during the remaining periods 79
of the code interrupter, ring:ng relay 819 is not
again energized. From the foregoing it will be
seen that in one complete cycle of operation of
the code interrupter, ringing relay 810 has been

40

operated during periods 1 to 7, inclusive, dur- 75
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ing the ninth period and during the eleventh
period to transmit the ringing code to the called
subscriber or the ringing code comprising one
long ring and two short rings. The following is

the code ringing chart showing the ringing code

for subscribers 1 to 20, inclusive, for the digits
1 to 0, inclusive.

Code ringing chart

Code ! pingi Ringing code for subscribers
ring Ringing‘c(idt%fgasubscribers 11 to 20 (when 1Ist digit is
. gdigits 7
BUR IR B 115 V- 2 short-1 short.
2 | 1-long-1 short. 2 short-2 short. -
3 | 1-long-2short.- 2 short-3 short. .
4 | 1-long-3 short.- 2 short-4 short.
5 | 1-long-4 short. 3 short-4 short.
. 6| 1-long-1leng... .. 4 short-1 short.
7 | 1short-1long. 3 short-1 short. ' -
8 |2 short-11long. 3 short-2 short.
9 | 3 short-1 long. _! 3 short-3 short. -
0| 4short-110Dg cummrimmamnaiae 4 short-2 short.

The first five subscribers on a line have their

rihgers connected o the same talking conductor,
while the remaining five subscribers have their
ringers connected to the other talking conductor
in case the ringers.are grounded. Assuming that
subscriber 336 instead of 333 has been called, two
long rings are transmitted by ringing relay 810.

In this case the third digit dialled would be the"

digit 6 and therefore, referring to the impulsing
chart, it will be seen that relays 720, 830 and 820
are energized to select the ring combination lead
C6. As previously described, mask conductor M

is grounded during the periods 1 to 7, inclusive, -

and since the impulsing relays 830 and 820 are
energized, relay 810 is energized during this period
of time as follows: grounded mask conductor M¢,
armature 893, resting contact and armature
804, armature 831, working contact and armature
827, and through the lower winding of relay gic
to battery. Ringing relay 810 is-deenergized in
during the eighth period in response to the de-

_energization of relay 918 and since mark con-~
ductor M2 is grounded during the periods 9 to 15,

inclusive, ringing relay 840 is energized over the

following circuit: from grounded mask conductor -

M2, armature 884, working contact and arma-
ture 828, armature 803, and through the upper
winding of ringing relay 810 to battery. Ringing
relay 810 connects generator to the called line
in the same manner as previously described to
transmit two long rings to signal subscriber 336.

Subseribers 337, 338, 339 and 330 are signalled -
hy a combination of short rings followed by one

long ring. Assuming now that subscriber 8§37
is being called, and in response to the dialling of
the digit 7 relays 710, 700, 823, 880, and 870 are
energized to select ringing combination lead C1.

In this case during the time mask lead Mi is’

grounded no circuit is completed for ringing relay
810 because counting relay 820 is energized and
counting relay 830 deenergized. The grounding
of mask conductor M is therefore ineffective to
operate ringing relay 810. By referring to the
code interrupter chart it will be seen that ringing
combination lead C1 is grounded by the opera-
tion of code forming relay 904 during the seventh
period. A circuit may now be traced for energiz-
ing ringing relay 810 as follows: from grounded
conductor CT, armature 888, armature 877, work-
ing contact and armature 827, and through the
lower winding of ringing relay 810 to battery.

" Ringing relay 810 is operated over the above

traced circuit to produce a short ring on the
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called line. Since relay 820 is energized at this
time the grounding of mask conductor M2 during
groups nine to fifteen, inclusive, causes the con-
tinuous energization of ringing relay 810 during
these periods to transmit a long ring to the called
line. Subscriber 337 is therefore signalled by
one short and one long ring.  In the same manner
as just described the remaining. subscribers on
this line may be signalled in accordance with the
third digit dialled. By referring to the impulsing

chart it can be seen which of the impulse repeat-’

ing ‘and counting relays are energized for any
digit in order to select a particular ringing com-
bination lead. Then by referring to the code
interrupter chart it will be seen when the two
mask conductors Mf and M2 and the code ring
combination leads Ci to CI%, inclusive, are
grounded for the different groups, the code ring-
ing chart shows the different ringing codes for
the different subscribers. -

(5,1

20

Assuming now that line 33 has twenty sub- .

scribers thereon, and that subscriber 736 is de-
sired, the calling subscriber will dial the digits
7, 3. and 6. As previously described, in response.
to dialling the first digit, the digit 7, relay 800 is

25
energized and locked in energized position: Re-:
-1ay 808 also completes the circuit for energizing.
connector group relay 432 in. the same manner:
as previously described. At armatures 803 and-
804 relay 800 opens the circuits to the mask con-:

ductors MI and M2 so that the grounding of .the:

mask conductors Mi and M2 is ineffective for:
energizing the ringing relay. 810. Ringing relay:
810 is thereafter only energized: over its lower.
winding in accordance with the number of times.

ground is connected to the combination ringing

- leads CI to CI0, inclusive. In the particular case
.assumed, that is, in calling subscriber 136, relays

120, 830 and 820 are energized to select ring com-
bination lead C6. By referring to the code inter-
rupter chart it will be seen that ring combine-
tion lead C6 is grounded during the first, third,
fifth, seventh, and eleventh periods. Each time
combination lead C6 is grounded a-circuit may
be traced for energizing ringing relay 810 as fol-
lows: ground from. lead C6, armature 895, work-
ing contact and armature 804, armature 831,
working contact and armature 827, and through
the lower winding of ringing relay 810 to bat-
tery.. Ringing relay 810 energizes in response to
each of these impuises to transmit the ccde of
four short rings followed by one short ring, .

Assuming that subscriber 133 had been dialled,
then counting relay ‘850 selects the combination

ringing lead C3 and each time combination lead °

€8 is grounded a circuit may be traced by way
of armature 883, armature 851, resting contact of
armsture 827, and through the lower winding of
relay 818 to battery. In case subscriber T30 is
signalled, then counting relays 820 and 840 are
energized to select lead C10. Each time lead CI0
is grounded by the operation of the code inter-
rupter, & circuit may be. traced for energizing
ringing relay 8i0 as follows: from grounded con-
ductor C10, armature 897, armature 846, working

contact and armature 827, and through the lower:

winding of ringing relay 810 to battery. The
ringing relay 810 operates each time the selected

ring lead is grounded to transmit.a series of short.
rings followed by a series of short rings, to signal

subseribers 11 to 20 on this line. :

" When the éalled party hears his codesignal and
answers either between code pulses or code cycles,
a circuit is completed through the subscriber’s

loop for energizing ring cut-off relay 740 as fol-

35

S

%




10

15

- 20

30

40

6O

2,088,239

lows: from ground by way of armature 6(4, con-
ductor 746, through the lower winding of relay
140, resting contact and armature 73!, resting
contacts and armatures 742 and 752, conductor
114, resting contact and armature 812, conduc-
tor 389, armature 337, conductor 495, armature
488, over the line conductors and through the
substation loop comprising the receiver, trans-
mitter, and calling device at the substation, back
over the line conductor, armature 439, conductor
486, armature 336, condictor 318, armature 8(2
and resting contact, conductor 168, armatuve 75¢
and resting contact, and through the impedsnce
774 to battery. Relay 74¢, upon energizing, at
armature 744 completes its locking circuit
through its upper and lower windings in series
to grounded armature €14 by way of conducior
146, at armature 742 connects the winding of
relay 77@ to talking conductor 7714 extending to
the called line and at armatures 144, 142 and 143
completes the talking circuit between the celling
and called subscribers’ lines, and at armature 748
removes ground from the generator start lead
657 to deenergize relay 960 and stop the ringing
machine shown in Fig. 9. Reley 718 energizes

.over the called line loop as follows: from ground

through the winding of relay: 770, working con-
tact and armature 742, resting contact and arma-
ture 782, talking conductor 712, resting contact
and armature §18, conductor 389, and thence over
the previously traced circuit including the oper-
ated armatures of the connector units relay 336
and the connector groups relay 4389, through the
called subscriber’s line loop back to talking con-
ducter 378, through armature 812 and resting
contact, conductor 168, armature 154, threugh

the winding of the impedance 112 to battery. At

armature 771 relay 110 prepares 2 point in the
automatic trunk hunting circuit to be explained
more fully hereinafter, 4t armature 772 opens the
locking circuit of relay 188, and at armature 713
disconnects the lower winding of relay 664 from
the time pulse lead 655 to prevent the automatic
disconnection of this switch. Relay 768 upon re-
storing, at armature 18{ prepares a locking cir-
cuit to relay S2, at armature 782 prepares a point
in the initial energizing circuit of relay S§ , at
armature 782 opens a point in the ring back tone
circuit, at armature 784 opens a point in the ini-
tial line testing circuit, at armature 785 opens a
point in its own locking circuit, and at armature
T8¢ prepares a point in the locking circuit for
reley 788, at armature 787 opens @ part of the
circuit through the left-hand winding of relay
838, at armature 788 opens the locking circuit for
the impulse counting relays to allow the same
to restore, at armature 789 opens & poini in
the holding circuit of relay 610, snd at srmafure
T¥¢ opens the holding circuit of relay 890 to allow
the latter relay t0 deenergize. The counting re-
lays restore to their normal position or the posi-

tion: shown in the drawing, and relsy 896, upon .
deenergizing, disconnects the code interrupter -

from the link circuit.

Telking baftery to the calling party iz com-
pleted through the windings of relay 686 and §92
over the heavy talking conductors extending to
the calling line, and talking battery to the cslled
party is furnished through the windings of re-
lays 178 and 774 over the previously traced circuit
including the heavy talking conductors extending
to the called line. The talking circuit between the
two subscribers includes talking conductors 683
and 885 and the two talking condensers. The
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calling subscriber is now directly connected to the
calling subscriber and may converse as desired.
After the conversation and in response to the
called party replacing his receiver the circuit to
relays 710 and 774 is opened to cause the deener- . 5
gization of relay 770. Relay 716 at armature 173
connects the lower winding of time release relay
604 to the time pulse lead 655 to insure the release
of this equipment if the calling subscriber fails
to disconnect. When the calling subscriber re- 10
places his receiver the circuit to relays 69¢ and
€92 is opened to deenergize line relay 699. Re-.
lay 698, upon restoring, at armature 68! opens
the circuit of relay 640 and likewise opens the
circuit to siow to release relay 600. Relay 640, up- 15
on deenergizing, at armature 642 completes the
circuit for energizing series relay 656 which op-
erates at this time without any useful function.
After an interval relay 600 deenergizes and at
armature €8 opens the circuit to slow to release gq
relay €18, at armature 602 removes ground from
the test lead 299 extending to the calling line to
‘allow the cut-off relay {11 to restore and free the

" calling line, and at armature 663 opens the cir-

cuit to the operated finder group line relay 120 to 25
allow it to restore to normal.

Cut-off relay §T{ deenergizes, at armatures. 118
and working contact opens the circuit to relay {18,
and at its resting contact connects ground to re-
lay 172 to prepare for its energization on succeed- 50
Ing calls. At armature {17 cut-off reiay (71 con-
nects the impedance 113 to the subseriber's line,
and &t armature 176 disconnects its own wind-
ing from the test conductor in the finder relay
groups.

Relay §08, upon restorihg, at armature 6f¢
opens one of the multiple grounds to the locking
circuits of the finder group control relay 122 and
finder units relay 240, at armature §{2 opens &
point in the circuit to the trunk test relay €60, at 4q
armsature €{3 opens the circuit through the lower
winding of relay 620, at armature €i4 opens the
locking circuit through the lower winding of re-
lay 740, and at armature 615 opens & point in the
circuit extending through the lower winding of g4
time release relay 608, Relay 760 deenergizes
when its circuit is opened at armature 615, and ab
armature 748 prepares a point in the circuit for
starting the ringing machine, and at srmatures
141, 742 and 748 opens the talking circuli. Re- gg
lay €28, upon deenergizing, at armature 822 opens
the locking circuit of finder group control relay §22
and finder unit relay 210, thus allowing these re-
lays to restore, at armature 623 opens a point in
the cireuit through series relay 850, at’ armature g5
€24 opens a point in the locking circuit of busy
relay 67¢ in case the latter relay is locked in en-
ergized position, at armature §25 opens the locking
circuit to relay 680, trunk test relay 668 in case it
is locked in energized position, trunk relays 158 gq
and 80 in case they are locked in energized po-
sition, relay 280 in case it is locked in energized
position, and alsc opens the locking cireuits of

Afinder unit relay 838 and connector group control

relay 452, thus allowing these relays to restore and gg
free the called line. At armature 626 relay 628
removes ground from the guard lead 6i6 to make
this equipmeént available for other calls and at the
resting contact of armature 626 connects groung
to the cominon sll link busy conductor §29 for 7g
meintaining the all link busy rsiay 588 in ener-
gized posiiion, and at armature 827 disconnects
ground from conductor 787. Relay 688, upon de-
energizing, at armature 682 opens the circuit to
the finder group line relay 430, sud at armature 75
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683 disconnects ground which made the called line
busy. Inresponseto the operations just described
all of the relays are returned to their normal po-
sitions and the link ecircuit is now available for
use in other calls. -

Having explained the operations which take

_place when an idle line is called, a descriptiom”

will now be given of the operations which take
place when the called line is busy. It will be
remembered that during the receipt of the im-
puises of the third digit impulse repeating relay
" 710 energizes and at armature 112 completes the
‘circuit for energizing busy relay 610 from the
ground encountered on the test lead of the busy
called line by way of the cireuit-previously traced
through the right-hand winding of busy relay
6710. Relay §70, upon energizing, at armature
671 opens a point in the circuit for relays Si and
S2, and at armature $12 connects the busy tone
to the calling subscriber over the following cir-
cuit: from busy tone lead 689, working contact
and armature 612, tone condenser TC to.con-
ductor 693, through the talking condenser, and
thence over the heavy talking conductors through
the calling subscriber’s loop. At armature 673
relay 670 prepares &- circuit for momentarily
grounding the test lead of the called line during
the release operation of the link, at armature
. 6714 opens a point in the trunk test circuit, and
at armature 615 completes a locking circuit for
itself as follows: frem ground by way of arma-
ture 661, armature 624, armature 615, and
through the upper winding of busy relay 670 to
battery. At armature 616 relay 610 removes
-ground from conductor 689, at armature 618
opens the circuit. extending through the upper
“winding of relay 630, at armature 619 prepares &
point in the circuit through the lower winding
of line test relay 680, and at armature 658 pre-
pares a circuit for reenergizing relay 6i0.

‘At the end of the. third digit series relay 650.

deenergizes in the same manner as previously de-
scribed, and at armature 653 opens ‘the locking
circuit of relay 630. At armature 633 relay 630
closes the initial energizing cireuit for relay 640,
at armature 634 transfers the circuit for relay
600 to armature 691, at armature 631 prepares &
point in the circuit used in -making reverting
. calls, and at armature 639 prepares a point in
the circuit for grounding the generator start
lead. :

when the calling subscriber hears the well-
known busy tone, such subscriber will replace his
receiver and in so doing opens the circuit of re-
lay 690 whereupon relay 690 deenergizes. The
deenergization of relay 690 opens the circuit of
relays 600 and 640 at-armature 691. Relay 640,

upon restoring, at armature 642 completes a cir-

cuit for energizing the series relay 650, the op-
eration of which at this time is without effect.
Relay. 600, upon restoring, at armature 603 opens
the circuit to the finder group line relay 120, thus
allowing it to deenergize and disconnect the call-
ing line from the link circuit, at armature 602
removes ground from the test lead of the calling

line to free the calling line and to allow the line’

cut-off relay 171 to likewise deenergize. At
armature 661 relay 600 opens the circuit of relay
610 which - deenergizes after an interval. At
armature 611 relay 610 opens one of the multiple
ground connections to the locking circuit of the
" finder group control relay i22 and the finder unit
relay 210, at armature 613 opens the circuit
- through the lower winding of relay 628, and at
armature 615 opens the circuit through the lower
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winding of time release relay 604. Relay 620,
upon restoring, at armature 62! opens a point
in the dial tone circuit, at armature 622 opens
the locking circuit of the operated finder con-
trol relay 122 and finder unit relay 216 to cause 5
the same to deenergize, at armature 623 opens
the circuit to series relay 650, at armature 624
opens the locking circuit of busy relay 670, at
armature 625 removes ground from conductor
329 to deenergize the relays locked thereto as 10
previously described, at armature 26 removes
ground from the guard lead 616 to free the link
circuit, and at the resting contact of armature
626 grounds the all link busy conductor 628 to
maintain the all link busy relay 588 in energized 15
position. At armature 627 relay 620 opens the
locking circuit of relay 780. Relay 180 deener-
gizes and at armature 188 opens the locking cir-
cuit to the operated impulse counting relays al-
lowing them to restore in the same manner as 20
previously described. Busy relay 610, upon de-
energizing, opens the busy tone circuit at arma-
ture 612, and at armature 613 removes ground
from the test lead of the called line. The con-
nector group control relay 432 and the connector 25
units relay 330 deenergize when ground is re-
moved from conductor 329 by the release of relay
620. All of the relays are now returned to their
normal position and may be used in subsequent
calls. o

A description will now be given of the opera-
tions which will take place when a subscriber
calls another subscriber on his own line. As-
suming that the calling subscriber 216 desires to
make & reverting call and call another sub- 35
scriber on his own line, for example, subscriber
211, the calling subscriber 216 will seize an
idle link circuit and-operate the same in ac-
cordance with the digits 2, 1, and 7 in the same
manner as previously described. At the start 40
of the third digit since the called line is on the
same line as the calling line the called line will
therefore test busy and the busy relay 6710 will
energize in the same manner as previously de-
sceribed. When the calling subscriber hears the 45
well known busy tone such subscriber will re-
place his receiver, thereby opening the circuits
of relays 630 and §92. Relay 690, upon restoring,
at armature 69¢ cpens the circuit to relay 640
and to relay 680 as previously described. Re- 50
lay 648, upon deenergizing, at armature 642 en-
ergizes series relay €50, at armature 654 con-.
nects ground to the test lead of the calling line
to maintain the calling line cut-off relay {11 in
energized position as follows: ground by way of 55
armature §53, armature 637 and resting contact,
working contact and armature 6§13, conductor
123, through the normally closed springs con-
trolled by armature 153, conductor 399, arma-
ture 318 of the operated connector units relay 60
310, conductor 497, armature of the operated
connector group control relay 422, to conductor
{56 included in three-conductor cable 159, ar-
mature 179 dnd resting contact, and through the
winding of cut-off relay 171 to battery. Slow to 05
release relay 600, upon deenergizing when its
circuit is opened at armature 691, at armature
801 opens the circuit to relay 610, at armature
§03 opens the circuit to the finder group line
relay 120, and at armature 602 and its working 70
contact removes ground from the winding of
cut-off relay 111, but cut-off relay 17 does not
deenergize at this time hecause such relay is

. maintained in  energized position from ground

by way of armature 653 over the circuit extend~ 75
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ing through the operated connector relay as pre-
viously described. At the resting contact of
armature 802 relay 680 completes a circuit for
energizing line test relay 680 as follows: from
ground at armature 653 over the circuit pre-
viously traced to conductor {156, and thence by
way of armature {78 and resting contact, arma-
ture 178, armature 128, conductor 197, armature
218, conductor 299, armature 602 and resting
contact, armatures 669 and §79, and through the
lower winding of test relay 688 to battery.
From the foregoing it will be seen that since the
called line is the same as the. calling line in
making a reverting call the ground circuit ap-
plied by the series relay 650 to be called line is
extended through the connector and finder re-

. lay contacts back to the line test relay 680 in-

order to energize the latter relay. Relay 688,
upon erergizing, at armature 684 completes its
locking circuit and extends a multiple ground to
cut-off relay (74 as follows: from ground by way
of armature 625, armature 668 and resting
contact, armature 684, armaturc 679, armature
669, resting contact and armature 692, con-
ductor 239 and thence through the armatures
of the operated finder unit and finder group
relays to armature {76 and the winding of re-

Jay 1711. At armaturc 687 relay 680 completes a :

circuit for energizing relay 610 as follows: from
ground by way of the normally closed contacts
controlled by armature 607, armatures 658 and
$81, conductor 739, armature 189, conductor
138, and through the winding of relay 810 to
battery. At armature §82 relay 680 completes a
circuit from grounded armature 632 by way of
conductor 319 and the operated connector unit
relay 318, and the operated connector group
control relay 422, through the winding of con-
nector group line relay 420 to battery, for en-
ergizing the latter relay, and at armature §85
completes a circuit for energizing relay 890 as
previously 'described. At armature 5§88 relay 680
completes the circuit for grounding the gen-

erator start lead 657 to energize relay 900 and-

start the ringing machine in Fig. 9.

The ringing machine and- code interrupter in
Fig. 9 operates in the same manner as previously
described in response to the operation of relay
90¢ when the -generator start lead 657 is
grounded in response to the operation of relay

680. When battery is connected to pick-up lead.

PU at armature 976 by the operation of relay
800 in case the ringing machine is not in use,
or when the pick-up lead PU is connected to
battery by way of armatures 933, 934 and 935,
by the operation of relay 91 i, near the end'of a
code cycle, the circuit of relay 890 is completed

-through its left-hand winding from ground at

armature 38 by way of armatures 685 and 7817
and conductor 7{8. Relay 898 energizes and
closes its previously traced locking circuit at
armature 892 from the grounded hold conductor
H through its right-hand winding and connects

‘the combination ringing leads CI to CI0, inclu-

sive, and the mask leads MI and M2 to the
impulse counting relays. Ground _impulses
transmitted over the ringing combination leads

and the mask leads by the code interrupter op-"

crate the ringing relay 80 in accordance with
the operated impulse counting relays to trans-
mit current in the same manner as previously
described. In reverting .calls the ringing cur-
rent is transmitted from: the generator lead 646
by ‘way of either armature 821 or 822, depend-
ent upon the code signalling digit dialled, and
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thence by way of armatures 812 and 813, con-
ductors 378 and 289, through the operated ar-
matures of the operated connector unit relay
310, in this case armatures 316 and 317, con-

. ductors 488 and 388, through the armatures of

the operated connector group line relay 420, to
conductors 157 and 58 included in the three-
conductor cable (59, and from thence over the
line conductors of the calling and called line
through the ringers to ground.

In case the subscriber making the reverting
call has his ringers connected to the same line
conductor as the called subscriber, then the call-

- ing subscriber wiil hear -the code signal. How-

ever, should the ringers of the called subscriber
be connected to the other conductor, then the
calling subscriber will not hear the code signal
and must wait & sufficient length of time to al-
low one or more complete signals to be trans-

mitted before removing his. receiver., When this 2

call is answered by any subscriber on the line,
ring cut-off relay 740 energizes and the equipment
operates in a manner similar to that previously
described. Relay 740, upon energizing, at arma-
ture 744 completes a locking circuit through both
its windings in series to ground at armature 614,

at armature 745 opens the circuit to relay 900 .

in the ringing machine, and at armature 742 com-

pletes the circuit for energizing relay 110, Relay”

710 energizes over the subscriber’s line loop in
series with relay 774, and at armature 112 opens
the locking circuit 788, and at armature 7113
opens the circuit through the lower winding of
relay 804. Relay 789, upon restoring, at arma-
ture 788 opens the locking circuit to the. im-
pulse counting relays, at armature 787 opens a
point in the original energizing circuit of relay
880, at armature 779 opens the locking circuit of
relay 838 to allow this relay to restore, and at
armature 789 opens the circuit to relay 619,
Relay 810 deenergizes after an interval, and
at armature 811 opens one of the multiple grounds
to the finder group control relay (22 and the
finder unit relay 210. At armature 613 relay 610
opens the circuit of relay $20, at armature 604
opens the locking circuit of the ring cut-off re-
lay 748 to allow it to restore, and at armature
615 opens another point in the circuit extending
to the lower winding of time release relay 604.
Relay 620, upon restoring, at armature 6§22 opens
the locking circuit to the finder group control
relay 122 and the finder unit relay 210,.at arma-

ture 625 opens the locking circuit of relay 680

and opens the locking circuit of the connector
group control relay 422 and the connector unit
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relay 310. At armature 623 relay 6§20 opens the -
circuit to series relay 650, at armature 626 re- -

moves ground from the guard le~d 618 to make
this equipment available for use on another call,
at its resting contact grounds the common con-
ductor 629 to maintain the all link busy relay
588 in energized position, and at armature 624
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opens the locking circuit of relay §70. Ring cut-

off relay 740 deenergizes and opens the loop circuit
to the called line. The finder group control re-
lay 122 and the finder unit relay 210 deenergize

- and. disconnect the test lead of the calling line

85

from the incoming side of this equipment. Re- .

lay 680 deenergizes and at armature §82 opens
the circuit of the connector group lire relay 420.
Series relay 650, upon restoring, at armature 653
removes ground from the test lead of the sub-
scriber’s line, thereby opening the circuit of the
cut-off relay 111. The: connector group control
relay 422 and- the connector unit relay 310 re-
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store and disconnect the test conductor of the
calling line from the outgoing side of this equip-
ment. Relay 670, upon deenergizing, at armature
§72 opens a point in the busy tone circuit,

The cut-off relay 111 associated with the call-
ing line now restores and opens the circuit to re-
lay {10 and at armatures {11 and {18 closes a
circuit for energizing relays 172 and {13 over the
subscriber’s loop. .Relay {12, upon energizing, at
armature 181 closes the locking circuit of - relay
110 before it fully deenergizes and at armature
- 119 grounds the test lead 156 to make this line

busy to other calls. All of the relays in this link
- circuit are now restored and the link may be used

on other calls. . ‘Talking battery to. the calling -

and called subscriber is furnished through the
windings of relays 172 and £713. ’
When both subscribers on line 21 replace their

receivers the circuit to the relays 172 and 113 -

iz opened and relay 712, upon deenergizing, at
armature (81 opens the locking circuit of relay
70, at armature 179 and its working contact re-
moves ground from the test lead to free this line,
and at its resting contact connects the cut-off
relay 111 to test lead 156 to permit this line to
be called. Relay (70 deenergizes after an inter-
val and at armature {15 prepares & point in the
start circuit for operating the relay allotter to
connect an idle link to this line when calling.

. The local subscribers have access to two groups
of switch-through trunks. The first group of
trunks are in the 30-line group in the place of
the last three lines in that group, while the sec-
ond group of trunks are in the 20-line group in
the place of the last three lines in that group.

In order for a local subscriber to selze an idle

trunk in the first group such subscriber will dial
the digit 9, or in case & trunk in the second group
is desired the subscriber will dial the digit 0.
When a calling subscriber initiates & call the
preselected idle link is connected to the calling
line -and in response to the subscriber thereon
dialling the digit 0 the impulse repeating relay
120 and the impulse counting relays 820, 880 and
840 are operated at the end of the impulsing
period in the same manner as previously de-
seribed. When series relay 650 deenergizes after
the last impulse of this series a circuit is com-~
pleted for energizing relay 150 as follows: from
ground by way of armature 638 and working con-
tact, armature 654 and resting contact, arma-
tures 685 and 611, conductor 735, armature 823
and working contact, armature 842, armature
815, conductor 117, and through the winding of
relay 150 to battery. Relay 150, upon energizing,
at armatures 151 and 752 disconnects relays 174
and 110 and switches the talking conductors
straight through. At armature 153 relay 150
transfers the test conductor of the called trunk
from the line test relay 680 and connects it in
place thereof to the trunk test relay 660, and at
armature 154 closes the circuit for energizing
the connector group control relay 422 as follows:
_ground at armature 621, conductor 147, armature

55. 168 and resting contact, armature 154, conduc-

tor 7198, armature 818, conductor 482, and
.through the winding of relay 422 to battery.
At armature 155 relay 150 completes its own lock-
ing circuit to grounded conductor 329, and at
armature 156 prepares a point in the circuit
for operating the trunk hunting connector . unit
relays. ' )

Relay #22, upon energizing, at armatures 423
and 424 prepare circuits for the connector group
line relays 420 and 421. at armature 425 com-

- 304, and through the

locking circuit by.
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pletes its own locking circuit over grounded con-
ductor 314, at its upper armatures connects the
test leads of all the trunk lines and subscribers’
lines in the 20-group to the contacts of the con-
nector unit relay, and at armature 426 completes 5
a circuit for energizing relay 7188. This circuit
may be traced from grounded armature 426, con-
ductor 481, armature 807, conductor 134, and

- through the winding of relay 790 to battery. At

armature 794 relay 790 completes its locking cir- 10
cuit to grounded conductor 638 by way of the
normally closed springs controlled by armature
186, at. armature 183 opens the locking circuit
of relay S| which thereupon deenergizing, and
at armature 795 completes the trunk hunting 15
circuit for energizing the first trunk hunting con-
nector unit relay 380. Relay Si, upon deener-
gizing disconnects the connector group .relays
and opens -the locking circuit of the impulse
counting relays. Trunk hunting relay 388 ener- 20
gizes over the following circuit: from ground by
way of armature 625, armature 668 and resting
contaet, resting contact and armature 676, con-
ductor 698, armature 196, armature 195, conduc-
tor 324, resting contacts and armatures 384, 394, 25
winding of relay 380 to.
battery. At armature 381 relay 380 coinpletes its
own locking circuit before operating any of the
other armatures. -At armature 383 relay 380 pre-
pares a point in the circuit for energizing connec- 30
tor group line relay 42 {, at armature 382 prepares

a point in the circuit for relay 780, which, how-
ever, is ineffective during the trunk hunting
operation. The locking circuit for relay 380 may
be traced as follows: grounded conductor 329, by 35
way of armature 385 and 395 and their resting
contacts, armature 381, through the winding of
relay 380 to battery.. At armature 384 relay 380
opens a point in its original energizing circuit
after its locking circuit is closed at armature 381, 40
and at its working contact prepares a circuit for
energizing slow to operate relay 390. As will be
noted, the three trunk hunting connector unit
relays 380, 390, and 300 are slow to operate, and
therefore do not operate immediately when their 45
energizing circuits are completed. At armature
388 relay 380 connects the test conductor of the
first trunk to conductor 399 by way of armature
308 and resting contact. The operation at this

_point depends upon whether the test conductor 50

of the engaged trunk line is grounded or not.
In case the trunk line is busy, then ground on the
test conductor of the called trunk will short cir-
cuit the upper winding of the trunk rest relay
660 thereby preventing its operation. In case 55
the trunk had been idle then the operation of -
the armature 388 by relay 380 would connect bat-
tery through the winding of the cut-off relay as-
sociated with this trunk to the upper winding
of trunk test relay 660 to cause the operation 60
of said relay. In order to fully explain the oper- .

.ation it will be assumed that this first trunk is

busy and therefore the trunk test relay is pre-
vented from operating due to the short circult
through its upper winding. After a short inter- 65
val trunk hunting connector unit relay 390 ener-
gizing from grounded conductor 324 by way of
armature 384 and at armature 391 completes its
way’ of armature 308 and
grounded conductor 329 before operating any of 70
the other arrmatures. At armature 393 relay 380
prepares a point in the circuit for energizing
connector group relay 421, at armature 395 opens
the locking circuit of relay 380, dat armature 394

opens & point in the original energizing circuit 75
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of relay 380, and at its working contact prepares
the circuit for relay 309. At armature 398 relay
399 connects the test lead of the second trunk to
the upper winding of trunk test relay $88. In
case the second trunk is likewise busy then ground
on the test lead wili prevent the operation of
trunk test relay 660 in the same manner as previ-
cusly described. In case the trunk line is idle
then battery through the line cut-off relay as-
sociated with this trunk line would cause the en-
ergization of trunk test relay 668. Assuming
that this trunk is busy, then relay 383 will ener-
gize after the first trunk hunting connector unit
relay 380 deenergizes to complete the energizing
circwt for relay 388 extending from grounded
conductor 324 by way of armature 884 and rest-
ing contact, armature 858 and working contact.
Relay 388 energizes after an interval to first
operate its locking armature 38¢ to lock itself to
grounded conductor 329, and at armature 305
opens the locking circuit of relay 388. At srma-
ture 303 relay 360 prepares a circuit for relay

"821, at armature 304 and resting contact opens

a po.ni in the original energizing circuit of re-
lay 388, at armature 308 and working contact
prepares the circuit for busy relay 378, and at
armature 308 connects the test lead of the third
or last trunk in this group to the winding of
trunk test relay $60.  After an interval 898 deen-
ergizes, &nd at armature 358 completes the cir-
cuit for erergizing the busy relay 678 only in case
the last trunk in the group is busy. This circult
may be traced from grounded armature 625,
through armature 668 and resting contact con-
trolled by trunk test relay 69, armature §78, con-
ductor 698, armature 756, symature 785, con-

- ductor 324, armature 888 and resting contact,

armature 3%4 and resting contact, armature 384
and working contact, conductor 389, and through
the upper winding of busy velay 678 to battery.
Busy relay 670, upon energizing, at armature §72
transmits the busy' tone over the previously
traced circuit through the subscriber’s calling
loop. T

When an idle trunk is found trunk test relay
860 energizes from battery through the winding
of cut-off relay associated with the idle {runk
to stop further operations of the trunk hunting
relays by disconnecting ground from conduc-
tors 888 and 324 at armature $88 before the suc-
ceeding trunk hunting relsy has had time to
fully operate and close its locking circuit. As-

- suming now that the first idle irunk was the last
trunk in the group, then when relay 389 ener-

gizes, said relay at armature 388 completes the
circuit for energizing trunk test relay $868 in se-
ries with the cut-off relay 181 as follows: from
ground through the upper winding of trunk test
relay $88, armature §12, armature 874, conductor
124, armature 753 and working contact, conduc-
tor 399, armature 388, conductor 48{, armature
449, conductor 165 included in the three-conduc-
tor cable 169, armature 109 and resting contact,
and through the winding of cut-off relay 181 to
battery. Relay 660, upon energizing, at arms-
ture 68! opens a point in the circuit for trans-
mitting dial tone to the calling line, at srmatures
582 and 684 disconnects relays 692 and 880 from
the calling line and transfers the calling line to
conductors §24 and 82§, at armature 6835 com-
pletes & circuit for energizing connector group
relay 42§, and at armature §65 temporarily con-
nects direct ground to the test lead of the called
line. At armature 655 relay 680 complétes s cir-
cut through the upper winding of relay 820 for
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~relay 1608 as follows: ground by way of arma-
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maintalning relay 820 in operated position, at
armature §57 cpens a point in the impulsing e¢ir-
cuit and the circuit to relay 8§50, at armature
588 completes a locking circuit through its lower
winding from grounded armature §25 and at its
resting contact opens a point in the original en-
ergizing circuit of the trunk hunting connector
unit relays, end at armature 658 connects & raul-
tiple ground to maintain the finder group line re-
lay 120 in energized position. ‘Relay 788 deener-’
gizes when its locking circuit is opened at srma-
ture 668 by the operation of relay §66. Line re-
lay 680, upon deenergizing when its circuit is
opened at armature 884, at armature 891 opens
the circuit of relay 540 which deenergizes. At
armature 642 relay 649 opens the circuit of re-
lay 680. Cut off relay 18!, upon energizing in
series with the trunk test relay 60, at armature
186 connects conductor 16§ to conductor 146, at
armature {87 opens the circuit of relay 162, and
at armature 188 opens the circuit to relay 182
and completes the circuit for relay 18). Relay
108 energizes and at armature {63 prepares a
point in its own locking circuit.

Connector group line relay 421, upon ener-
gizing, at armatures 414 and 442 closes the
calling subscriber’s loop in series with relays
§8%2 and 1607 in the trunk circuit in Fig, 10,
Relays 1022 and 1007 energize In series over
the following circuif: from greund through the
winding of relay 1807, resting contact and arma-
ture 1018, lower right-hand winding of repeat-
ing coil RC, conductor 148, conductor {§7 in-

-cluded in cable 189, armature 841, conductor 492,
“armsture 807, conductor 389, armsture 813 and s

resting contact, conductor 774, armature 752 and
working contact, conductor €96, working con-
tact and armature $54, conduetor 279, armsture
216, conductor 193, armature 127, through the
calling subscriber’s loop aund armature 128,
thence by way of conductor {98, armature 211,
conductor 288, armature §82 and working con-
tact, conductor 634, working contact and arma-
ture 75§, conductor 768, resting contact and
armature 813, conductor 279, armature 308, con~
ductor 433, armature 442, conductor 138, in cable
83, conductor {47, upper righi-hand winding
of repeating coil RC, armature {815 and resi-
ing contact, and through the winding of relay
{092 to battery. Relay 1862 at armature 1847
connects ring back tone by way -of conductor
588 end armature §028, 1824 and 19827 to con-
ductor {47 and thence over the heavy talking
conductors as previously fraced to the calling
subseriber. Relay 01087, upon energizing, at
armature {384 connects both windings of relay
§003 in series to the left-hand winding of re-
peating coil RC, and st armature 10285 com-
pletes a circult for emergizing siow to release

ture 1082, armature (833, normally closed springs
controlied by armature 1837 and through the
winding of relay 1829 to battery. At armature
{939 relay 1083 connects ground at the normally
closed springs conirolled by armature {853
through the uppsr winding of relay {812 to con-
ductor {86 to busy the trunk and hold relay .
828 in energized position. At srmature 1048
relay 1869 connects ground to the generator
start lead 8%7 by way of armature 1844 to ener-

-glze relay 908 to start the rihging mechine

shown in Fig. 9. At armature {943 relay 1009
opens the circuit of relay (883 and connects
the generator lead $46 to the left-hand winding
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of repeating coil RC by way of conductor {857, v
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aimature 1116, and conductor 1056, At arma--

ture 1082 relay 1008 starts the spring 1041 vi-

‘brating to prepare & circuilt for relay {008. The

cireuit for energizing relay 1012 extends by way
of ground through the. normally closed springs
controlled by armsture 1053, through the upper
winding of relay 1042, armature 1088, conductor
146, armature 106, where the circuit divides, one
branch - going to battery through the winding
of cut-off relay 100 to maintain this relay in
energized position, and the other branch extend-
ing by way of resting contact of -armature 103,

-conductor 166, armature 410, conductor 48l,

armature 308, conductor 299, armature 153, con-
ductor T24, armature ]
through the upper winding of relay 620 to bat-
tery for masintaining this relay In energized
position. '

 Relay 660 deenergizes an interval after its cir- -

cuit is opened at armature 667 by the operation
of trunk test relay 660, and at armature 60{
opens. the circuit of slow-to-release relay 610.
At armature 602 reiay 600 disconnects one of
the muiltiple grounds from the test conductor
of the calling line, which line, however, is main-
tained at busy potential from ground through
the winding of relay 1012 as previously traced
over armature 666 and thence by way of the
test. conductor 298 to the winding of cut-off
relay §11 and conductor 156. At armature 603
relay 600 disconnects one of the multiple
grounds from the finder group line relay 120
which relay is not maintained energized from
grounded armature 659. Relay 610 deenergizes
after an interval and at armature 61f discon-
nects one of the multiple grounds from con-
ductor 214, at armature 612 opens the circuit
extending to the upper winding of relay 660,
at armature 613 opens the circuit extending
through the lower winding of relay 620, and also
opens the circuit extending through the upper
winding of relay 630. Relay 630 deenergizes
in response to this operation, but relay 628 is
maintained in energized position through its
upper winding, as previously described. At ar-
mature 614 relay 610 opens a point in the cir-
cuit to relay T40 and at armature 615 opens a
point in the circuit through the lower winding
of time release relay GOA. o

Referring now to the trunk ecircuit shown in
Fig. 16 and at a time when vibrating spring
1081 practically stops its vibrations, relay 1008
energizes. At armature 1037 relay 1008 ‘com-

pletes a locking circuit for itself from grounded .

armature 1032 and also opens the circuit to
relay 1009, At armature 1038 relay 1008 con-

“nects time release relay {013 to the time pulse '
conductor 685, and at armatures 1035 and 1036

shunts armatures {039 and 1040, = After an in-
terval relay 1008 deenergizes and at armature
{043 disconnects generator from the trunk and
connects the trunk to relay 1003. : :

In the trunk circuit at the distant exchange
the high resistance relay {063 is normally ener-
gized 'over the following circuit: from ground
through the winding of relay 1063, resting contact
and armature 1075, normally closed springs con-~
trolled by armature (078, through the left-hand

- windings of repeating coil RCI in parallel, over

conductors 1054 and 1055 in parallel, through the
left-hand windings of repeating coil RC, conduc-
tor 1056, armature I115, conductor 1051, arma-
ture (043 and resting contact, through the nor-
mally closed springs controlled by armature 1034,
and through the upper winding of relay 1003 to
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674, armature 666, and

battery. Due to the high resistance of relay 1063
relay 1063 alone is energized over this circuit and
at armature 1071 completes the circuit for ener-
gizing relay 1082. When relay {189 operates and
connects generator to the trunk alternating cur- 8§
rent relay 1064 energizes. Relay {063 deener-
gizes to open the circuit to slow-to-release relay
1062. The generator circuit for energizing relay
{064 extends from the generator conductor 646
by way of working contact and armsature (043, 10
conductor 1057, armature 1115, conductor 1086,

" to the left-hand windings of repeating coil RC,

and thence by way of conductors {054 and 1055
through the left-hand windings of repeating coil
RCI, -through the normally closed springs con- 15
trolled by armature (018, armature {075 and
resting contact, through the condenser and wind-
ing of relay 1064 to.ground. At armature 1013
relay 1064 maintains slow-to-release relay (062

.operated and at armature 1072 completes the 20

circuit, for lighting the signal lamp L to inform
the operator of the call. ’ ,

When the operator observes the illumination-of
lamp L. she will insert the plug or her cord cir-
cuit into the jack J in order to answer the call. 25
Springs 1079 complete a circult for operating re-
lay 1066 in response to the insertion of the plug
into the jack J, and said relay at armature 1074
opens a point in the circuit for relay 1061, at ar-
mature (075 opens the circuits of both relays 30
1063 and 1064 to permit relay 1084 to deenergize,
and at the working contact of armature 1075 pre-
pares the circuit for supervisory relay 1066, Re-
lay §866 is a marginal relay and will not ener-
gize in series with. the high resistance lower 35
winding of relay 1003. Relay 1064, upon deener-

. gizing, at armature 1072 opens the circuit to lamp

1, and at armature 1073.opens the circuit to relay
1062. Slow-to-release relay 1062 deenergizes
after an interval and at armature 1070 prepares 40
z:, point in the circuit to slow-to-operate relay
661i. )

When relay 1009 deenergizes generator is dis-
connected from the trunk and relay (003 con-
nected in place thereof. Relay 1603 energizes 45
over the following circuit: from ground through
the winding of marginal relay 1066, working con-
tact of armature 1075, toc the normally closed
springs controlled by armature 1078, through the
left hand windings of repeating coils RC1 and 50

" RC, to conductor 1066, armature 115, conductor

1957, armature (043, working contact and arma-
ture 1034, and through the lower and upper wind-

‘ings of relay 1003 in series to battery. .

At armature 1018 relay 1003 completes the cir- 55
cuit for energizing relay 1004, and at armature
1619 prepares a circuit for bridging the lower
winding of relay 1001 across the right hand wind-
ings of repeating coil RC. At armature 1020 re-
lay 1004 disconnects the ring back tone, at arma- 60
ture 162( prepares a point in the circuit for relay
1001, at armature 1022 prepares a point in the
circuit for relay 1005, and at armature {023 com-
pletes the circuit for energizing relay 1011 by way
of normally closed springs controlled by armature 65
1045. At armature 1047 relay 10t opens a point
in the circuit for relay {005, at armature 1050
prepares a point in the circuit for transmitting
a pay-station tone to the operator, and starts
spring 1048 vibrating to prepare an energizing 70
circuit for slow-to-operate relay 1010 at arma-
ture 1049.

In case the calling line is a pay-station line a
pay-station tone is connected to the test lead
of the calling line in the well-known manner, 75
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“starting the ringing machine.
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and this tone.is transmitted to conductor 148

- over the previously traced circuits and thence by

way of armature 1835 and the upper winding of
relay - {1842 to ground at the noermeally closed
springs conirolled by armature 1052. The fone
transmitted through the upper winding of relay
1012 induces a similar current in the lower wind-

ing which is transmitted through the condenser .

C and armature 1858 through the talking con-
ductors of the trunk line, and thence to the
operator in the well known manner. When the
operator hears this tone she is informed that the
calling -subscriber is & pay-station subscriber,
When vibrating spring (888 has praciically
ceased to vibrate, slow to operate relay 13{ 8 is
operated by way of armature (083, A} srma-
ture {845 relay 1819 completes its own locking
circuit from grounded armature 1922 end also
opens the clrcuit of relay 101§, AL armature
1954 relay 1843 disconnects ground from gen-
erator start lead 657 to stop the ringing machine
and at its working contact closes g muliiple lock-
ing eircuit for relay 1008, and at armature 1645
opens 2 point in the circuit through the lower

winding of relay 18{3. Relay {814, upon restor-

ing, at armature 1849 opens the initial energizg-
ing circuit of relay 1810, at armeture 1839 opens
the circult through the lower winding of relay
1812 to cut off the pay-station tone, and at
armafure {847 prepares a locking cireuit for re-
lay 16088.

The operator may verify the presencs or ab.

‘sence of pay-station tone by disconnecting tem-

porexily. When the operater removes her plug
relay 1885 restores and clozes the circuit to relay
1963 ot srmature 1875, Relay 1808 in the trunk
line TR deenergizes on account of the high re-
sistance of reley 1083, Relay 1803 at armature
18(8 completes the circuit for energizing relay
1983 by way of armature 1822. At armature 1028
relay (098 opens the ring-back tone circult, aé
armature (328 short circuits the lower winding
of relay 1880, and at armature 1825 closes its
own locking circuit as follows: from ground by
way of armature 1825, armature 1028, armature
1914 and resting contact, armatures (85! and

. 1841, and through the winding of relay 1083 to

battery. Relay 1004 deenergizes shortly after
its circuit Is opened at armature 1218 and at
armature 1922 opens the original energizing cir-
cul? of relay 1885. At armature 1823 relay 1684
oper:s the locking circuit of relay 1818 to permit
the latter relay to deenergize. Relay 181 B, upon
deenergizing, ai armature 1084 opens one of
the multiple locking circuits to relay 1933 snd
grounds generstor start conductor $57 for reo-
At armature 1845
relay 1916 prepares a point in the circuit to
relay 181{ and at armature {843 prepares a polnt
in the circuit through the lower winding of {ime
relaase relay 1643, :

When the operator again answers by inserting
her plug into the jack J relay §085 is again en-
ergized to connect relay 16388 to relsy 1993. Re-
lay 1383 at armature 1818 closes a circuit for
reenergizing relay 1068, At armature 1323 relay
{894 completes the circuit for energizing relay
Relay {814, upon energizing, a2t armaiure
1858 connects the lower winding of velay 1892
across the trunk line in order {o retransmit the
pay-station tone, and at armature 1847 opens
the locking circuit of relay 1805 to desnergize
the latter relay., In the same manner as pre-
viously described vibrating spring 1848 closes an

A » 23
intermittent circuit to relay {819 to cause its

operation after a predetérmined time.
Relay 1010 operates when the vibrating spring

1948 .has practically ceased to vibrate and at.

armature (045 closes its own locking circuit as
well as opening the circuit to relay 8if. At
armature {844 relay 1818 removes ground from
the generator start lead to stop the ringing ma-

. chine, and at armature 1846 disconnects the

lower winding of relay 1813 from the time puise
lead 885. Relay I8!} deenergizes and st arma-
ture 1068 disconnects the pay-station tone from
the trunk line. The operator will complete the
desired connection in the well known manner.
Talking battery for the calling subscriber is sup-
plied through the windings of relay {882 and
4087 and the calling subscriber may converse
over the heavy talking conductors through the
repeating coils to the called subscriber in the
well known manner.

When the calling subscriber replaces his re-

‘ceiver the circult through relays 1002 snd ¢ 897

[

is opened and the relays deenergize. At arma-
ture 1833 relay (087 opens the locking circuit -

of relay 1088, and at armature 1934 disconnects
the lower high resistance winding of relay 1383
Irom the trunk to cause the marginal relay 1988
in the trunk circuit ‘TC to operate. Relay 1898 is
2 margingl relay and will operate only in series
with the upper winding of relay {888, At nrma-
ture {978 relay {066 opens the loop circuit bridged
across the tip and ring conductors of the cord
circuit in order to give supervision to the oper-
ator. This loop circuit includes armature 19785
and refard coil 1082, and the tip and ring springs
of the jack J. When the operstor removes the
plug from the jack J springs 1679 are opened io
open the circuit to relay (085 which thereupon
deenergizes. At armature 1875 relay 1853 opens
the circuit to relay 1886 and at armature 1575
and its resting contact connects the high resist-
ance relay 1863 to the trunk. Relay 28383 de-
energizes in ceries with high resistance relay
1863 and at armature {§{8 opens the circuit of
relay 1004. Relay 1008, upon deenergizing, at
armature {828 opens the circuit to relay {818 to
cause its deenergization. Relay {819 at arma-
ture 1844 opens the circuit of relay 1988 to cause
its deenergization. At armature 1835 relay {003
removes ground -extending through the upper
winding of relay 1812 from the test lead 146 to
make this equipment test idle and to allow the
preceding equipment to release and restore to
normal for use in other calls. Relay (812 de-
energizes without effect at this time, and relay
{883, upon energizing, over the {runk circuit at
ermature 1871 combpletes the circuit for energiz-
ing relay §882. The trunk line TR and trunk
circuit TC shown in Fig. 10 are now restored to
normal position end may be used on subsequent
calls,

When ground is disconnected from conductor
§48 by the deenergization of relay 1898 cut-off
relays 181 and 17{ deenergize and release relay
828 in Fig. 6 are likewise deenergized. Relay 529

- at armature 626 removes ground from the guard

lead §18 to free this equipmeni, at armature §25
opens the locking circuits of relays 389 and 750
and the operated group control and connector
unit relays 422 and 399 to permit their deenergi-
zation, at armature 622 opens the locking circuit
of the operated finder group control and unit re-
iays 122 and 210 fo permit their deenergization.
Relay $68, upon deenergizing, at armature $53
opens the circuit of connector group line relay
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421 to permit its deenergization; and at armature
659 opens the circult of the finder group line re-
lay 120 to permit its deene;gization. ~The remain-
ing operated relays in the link deenergize to re-
store the link circuit to normal position in the
same manner as previously described. .
Incoming {runk calls are completed by the toll
operator plugging in on the desired trunk and
dialling the number of the desired subscriber. It
will now be assumed that in response to a call
in the distant exchange local subscriber 338 is de-
sired in a trunk connection. The operator at the
distant exchange will plug one of her cord circuits
into an idle trunk jack extending to the desired
local exchange, When the cord circuit is plugged
into the Jack of the selected trunk, assuming that
the trunk shown in Fig. 10 1s the trunk selected.
springs {819 ccmplete & circuit for energizing re-
lay 1065. At armature {074 relay 1065 opens a
point in the: circuit for energizing alarm relay
{061, at armature 1075 disconnects the high re-
sistance winding of relay {063 frem the trunk
and connects relay (066 in place thereof. Relay
{063 deenergizes and opens the circuit of relay
1062 which also deenergizes and at armature 1070
prepares a circuit for the alarm relay 1064.- When
relay 1066 is substituted in the trunk circuit ex-
tending to the local exchange in place of relay
{862 relay §003 in the trunk line TR energizes
over the following circuit: from ground through
the winding of marginal relay 1066, working con-
tact and armature (078, normally closed springs
controlled by armature 1078, through the left
hand windings of repeating coil RCi in parallel,
over conductors 1054 and {055 in parallel, through
the left-hand winding of repeating coil RC in
parallel, conductor 1056, armature 1118, conduc-
tor 1951, armature 1043 and resting contact, nor-
mally closed springs controlled by armature 1034
and through the upper winding of relay {803 to
battery. At armature 1018 relay (603 completes
the circuit for energizing relay 1004 and at sarma-
ture 1019 prepares a point-in the circuit for bridg-
ing the lower winding of relay 1081 across the
right hand windings of repeating coil RC and con-
ductors 147 and 148. At armature 1020 relay {004
opens a point in the ring back circuit, at arma-
ture 1021 completes a circuit for energizing re-
lay (001, at armature 1022 prepares a circuit for
reiay 1003, and at armature 1623 completes the
circuit for energizing relay totl. Relay 1001 en-
ergizes over the following circuit: From ground
by way of armature 1036 and resting contact, ar-
mature 1021, normally closed springs controlled
by armature 1029, and through the upper winding
of relay 1001 to battery. At armature 1014 re-
lay 1001 prepares & circuit for energizing relay

1006, at armature 1015 opens a point in the eircuit '

to relay 1002, at armature 1816 opens a point In
{he circuit to relay 1807, and at armatures 1015
and 1016 and their working _contacts connects
the lower winding of relay {001 in bridge of the

right-hand winding of the repeating coil RC and

conductors 147 and 43, The circuit for energiz-

" ing relay {611 may be traced from grounded ar-

mature 1923 through the normally closed springs
controlled by armature 1045, and through the
winding of relay i04f to battery. At armature
19047 relay 101t cpens & point in the circuit for
relay (005, at armature 1950 connects the lower
winding of relay 10§12 and condenser C in bridge of
trunk conductors {37 and 148, and at armature
{049 starts the spring 1048 vibrating to prepare a
circuit for relay 1010. When vibrating spring
1048 practically ceases to. vibrate relay 1019 ener-
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gizes, and at armature 1046 opens & point in the
circuit to relay 1013. Relay 10{1 deenergizes and
at armature 1048 opens & polnt in the original
energizing circuit of relay 1010. ‘
‘When the lower winding of relay 1001 is bridged 5
&céross the trunk conductors 147 and 148 a circuit -
may then be traced for energizing relays 102, 103
and {00t in series as follows: from ground
through the resting contact of armature 108,
through the winding of line relay 102, conductor o
148, through the lower right-hand winding of re~
peating coil RC, armature 10186 and working
contact, armature (019, through the lower wind-
ing of relay 1001, working contact and armature
1015, through the upper right-hand winding of 15
repeating coil RC to conductor 147, armature
107 and through the winding of relay 103 te bat-

tery. - )

Relay 102, upon energizing, at armature 109
connects ground to test conductor 86 to mske 2p
this trunk line busy, at armature i38 connects
battery through the winding of cut-off relay 101
by way of armature 104 to armature 110 to mark
the trunk line as cailing, and at armature 137
connects ground to start conductor 137 by way of 2;
armature 106 for energizing the start relay 581 in
the relay allotter in Fig. 5. The operation from
this point on is similar to that previously described
in connection with a subscriber initiating a call
and will therefore be described briefly. In re- 20
sponse to the operation of start relay 587 in the
relay allotter the group selecting relays therein
operate in the same manner a3 previously de-
scribed to operate the finder group control relay
122 in the preselected idle link, after which the 25
finder units relays in Fig. 2 are operated to find
the calling trunk marked by battery potential

_on its test conductor through the winding of its

associated cut-off relay 102, Since the calling
trunk is the last line in the 20-line group, then 49
when finder units relay 200 energizes line test
relay 580 in the relay allotter is energized over
the following circuit: from ground through the
lower winding of relay 550, armature 5109, cut-
through conductor 619, to conductor 299, arma- 45
ture 208, conductor (9{, armature 118, armature
{04, and through the winding of cut-off relay 104
to battery. At armature 582 relay 550 grounds
conductor 219 to energize the finder group line
relay 121 as follows: from ground by way of arma- 50
ture 582, armature 5108, conductor 218, arma-
ture 205, conductor 188, armature 124, and
through the winding of finder group line relay to
battery. At armatures 1§ and 112 relay 121 con-
nects the trunk line conductors 147 and 148 to the 55
link to energize relays 690 and 892 as follows:
from ground through the winding of relay 699,
armature 664, conductor 279, armature 206, con-
ductor 198, armature 1i2, conductor 148, lower
right-hand winding of repeating coil RC, arma- 60

. ture 1016 and working contact, armature 1048,

lower winding of relay 1001, working confact and

-armature 1615, upper right-hand winding of re-

peating coil RC, conductor 147, armature ¢4,
conductor 192, armature 201, conductor 289 65
armature 662, and through the winding of relay
692 to battery. At armature 126 relay 121 pre-
pares a circuit for energizing trunk relay 1560.
Line relay 680, upon energizing over the above
traced circuit, at armature 894 operates relay 648 70

-and 608 as previously described. In response to

the operation of relay 600 relays 610, 620 and €30
operate as previously described and relay 620
connects dial tone to the calling loop in the trunk
line. Dial tone is transmitted through the re- 78




10

20

30

-l

2,028,230

peating coils RC and RCI to the calling operator
in the well known manner.

The calling operator will now dial the digits
of the desired line and in response to the opera-
tion of the calling device CD preparatory to send-
ing the first digit, the shunt springs of the call-
ing-device CD close 3 circuit for energizing relay
1087. At armature 1877 relay 1067 closes g shunt

-around armature 1076 and at armature 1678 dis-

connects marginal relay (066 from the trunk line

and connects direct ground through the impulse -

springs in place thereof. When the calling de-
vice is released the impulse springs open the cir-
cuit to relay 1003 a number of times correspond-

ing to the digit dialled, -Relay 1003 deenergizes:

each time the impulse springs remove ground
from the trunk and said relay at armature 6{§
opens a circuit to slow-to-release relay 10604
which is maintained energized during the impuls-
ing period due to ite slow releasing characteristics.
At armature 1018 and its resting contact relay
1003 completes g . circuit by way of armature
10822 for energizing slow-to-release relay 10085,

-and at armature 1019 opens the impulse repeating

circuit to line relay 696 in the link circuit. Re-
lay 1005 at armature 1026 short circuits the
lower winding of relay 1064 to improve the re-
peating circuit, and at armature 1025 completes
the circuit for energizing relay 1066. The circuit
for energizing relay 10666 may be traced from
ground by way of armature 1025, armature iozs,
armature 1014 and working contact, and through
the winding of relay 1006 to battery. Armature
1831 of relay 1806 energizes before other arma-
tures and completes its locking circuit by way
of armature 102! and armature 103§, At arma-~
ture 1028 relay 1096 opens its original energizing
circuit’ after its locking circuit is closed, and at
armature 1029 transfers the circuit to the upper
winding of relay
1036 to ground at armature 1025. At arma-
ture 1030 relay 13906 connects g multiple ground
to the test lead 146 in order to hold the equipment
busy and in operated position after the ecslled
party answers.

The opening and closing of the impulse repeat-
ing circuit at armature 1618 causes the line re-
lay 680 in the link circuit to operate in accord-
ance therewith. Line relay 686 follows the .im-
bulses repeated thereto to cause the operation of
the link relays and impulse counting relays as
previously described to operate the connector
group control relay 432, since in this case the digit
3 is the first digit dialled, Shortly after the lasé
impulse of the first series slow to release relay
1005 deenergizes and at armature ({§26 removes
the short circuit from around the lower winding
of relay 108!, At armature 1825 relay {865 opens
the circuit through the upper winding of relay
1961, but the latter relay, however, is maintained
energized over its lower winding in series with re-
lays 690 and 692. In the trunk ecircuit TC at the
distant exchange the:shunt springs of the calling
device open when the calling device reaches its
normal position to cause the deenergization of

‘relay 1067. At armature {678 relay {087 substi-

tutes ground through the winding of marginal
relay 1066 for the ground through the impulse
springs of the calling device. Relay {066 is mar-
ginal and is only energized in series with the up-
per winding of relay 1003, while relay 668 is
maintained energized from ground either through
the impulse springs of the calling device or from
the ground through the winding of relay (666,
In response to the transmission of the succeeding

100f from ground at armature )

25

digits of the called number, relays 1067 and (008
again operate; relay 1003 repeating impulses to
relay 688 at armature {608 and at armature (00§
operating the relay 1005 as before. In the same
manner as previously described line relay 650 op- 5
erates In response to the received impulses to
cause the operation of the connector units relay
339 on the second digit, and on the third digit
selects the ringing code of the called line. ‘The
called line is tested in the Same manner as pre- 19
viously described and connects ring back tone .
to the trunk line conductors 147 and 148 from
whence the rihg back tone is repeated through the
repeating coils RC and RC’ to the calling operg-
tor. ) 15
When the called party answers relay 170 ener-
gizes over the called loop, as breviously de-
scribed, in series with relay TT4. At armature 171
relay 710 completes the circuit for energizing re-
lay 76@ as follows: from ground by way of arma- 20
ture 126 of the operated finder group line relay,
in Fig. 1, conductor 181, armature 204, conductor
224, armature 171, and through the winding of
relay 750 to battery. At armature 755 relay
150 completes its own locking circuit to ground- 25
ed conductor 329 and at armature 151 and 152
disconnects relays 7718 and 774 from the called
line. At armature 153 transfers the test lead of
the called line from direct ground at armature .
€82 to ground through the upper winding of re- 30
Iay 668. Relay 660 now energizes over the follow-
ing circuit: from ground through the upper wind-
ing of relay 660, armature 612, armature 614,
conductor 724, armature 153 and working con-
tact, conductor 399, armature 308 and resting 35
contact, armature 338, conductor 494, armature
431, armature 479 and resting contact, andg
through the winding of cut-off relay 471 to bat-
tery. This ground also marks the called line
as busy to other subscribers having access thereto, 40
At armature 668 relay 660 completes a locking
circuit through its lower winding from grounded
armature 62§, and at the resting contact of armg-
ture 668 opens the locking circuit of relay 680C
which thereupon deenergizes. At armature €58 45
relay 660 closes & multiple circuit for maintaining
finder group line relay 21 in operated position,
at armature 662 closes g, multiple circuit for
maintaining connector group line relay 43¢ in op-
erated position, at armature €69 opens & point 50
in the cireuit through the lower winding of relay
680, at armature 667 opens g part of the impuls-
ing circuit to the impulse counting relays, and at
armatures 665 and 666 closes a circuit to the
upperwinding of relay 626 from ground applied 55
to the test lead 146 of the trunk line extending
by way of conductor 299. The upper winding of
relay €60 is short circuited from ground on con-
ductor 289 by way of armature § {2 and armsture
6€6. Direct ground extending from the test leas 60
146 of the trunk line by way of conductor 298,
armature 668, and armature 674 to the test leagd

- of the called line maintzains the called line busy.
. At armatures 662 and 664 relay 660 transfers the

talking conductors extending from the trunk line 85
from the windings of relay €96 and 692, and con-
nects these talking conductors directly to the
called line by way of the operated armatures 76§
and 752. Relay 680 deenergizes when its locking
circuit is opened at armsture 863 by relay 666, 70
and st armature 682 removes one of the muitiple
grounds from the connector group line relay.
Relay 698, upon deenergizing, at armature G4
opens the circuit of relay 648 snd the circuit of
reley €00. Relay 646 deenergizes without effect 75
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! at this time. Relay

‘and the finder unit relay 200, at

" jower winding of relay

00, upon deenergizing, at
armature 601 opens the circuit of relay 610 and
at armatire §03 opens one of the multiple grounds
extending to the finder group relay i2i. Relay
10, upon deenergizing, at armature 61! opens
one of the multiple grounds extending to the lock-
ing circuit of the finder group control relay 122
armature 612
removes the short eircuit from around the upper
winding of relay 660, at armature 6i5 opens a
point in the circuit to the lower winding of time
release relay 604, at armature 6i4 opens the lock-
ing circuit to relay 740 to permit its deener-
gization and at armature 63 opens the circuit
extending through the lower winding of relay
§20. Relay 620 does not deenergize at this time
because ground extending over the test lead of
the trunk line is connected by way of armatures
§65 and 666 through the upper winding of relay
620 to battery. -

When relay 660 operates and disconnects re-
lays 690 and 692 from trunk conductors fA7 and
({48 relay 1001 in the trunk line TR deenergizes.
At armatures (015 and 1016 relay (001 connects
relays 1002 and 10807 across the trunk conductors
1471 and 48 and connects the condenser Ci be-
tween the right-hand windings of the repeating
coil RC. Relays 1002 and 1007 are energized in

~ serles through the called subscriber’s loop as fol-

lows: from ground through the winding of relay
1001, resting contact and armature 1018, lower
right-hand winding of repeating coil RC, con-
ductor 148, armature 112, conductor 193, arma-
ture 206, conductor 219, armature 664, conductor
696, working contact and armature 152, con-
ductor T4, resting contact and armature 813,
conductor 389, armature 331, conductor 485, ar-
mature 438, through the loop at the called sub-
scriber back to armature 39, conductor £96, ar-
mature 336, conductor 319, armature 812 and
resting contact, conductor 168, armature 151 and
working contact, conductor 684, working contact
and armature 662, conductor 289, armature 201,
conductor 192, armature {41, conductor 41, up-
per right-hand winding of repeating coil RC, ar-
mature 1015 and resting contact, and through
the winding of relay 1002 to battery. The opera-
tion of relay 1002 at this time is without effect,
and relay 1007, upon energizing, at armature
1034 includes the lower high resistance winding
in series with the upper winding of relay 1008
in order to deenergize the marginal relay (066 at
the distant exchange. Relay 1066 is marginal
and will not remain energized in series with the

relay 1066 closes a bridge including the imped-
ance 1082 across the tip and ring conductors of

" .the operator’s cord cireuit in order to give the op-
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erator answering supervision'in the well known
manner. Talking battery to the called subserib-
er .is furnished through the windings of relays
1002 and 1007 over the heavy talking conductors
previously traced.

After conversation and in response to the -

called subscriber replacing his receiver relays
1002 and 1007 deenergize.

and connects up only the upper low resistance
winding of relay 1003 to cause the energization
of relay 1086 in the trunk circuit TC at the dis-
tant exchange. At armature 10718 relay 1086
opens the bridge including the retard coil 1082
from across the tip and ring conductor of the op-
erator’s cord circuit in order to give the operator
at the distant exchange disconnect supervision.

{003. At armature 1076

At armature 1034 re-
lay 1007 disconnects lower winding of relay 1008 -

2,028,239

The operator now withdraws the plug of the cord
circuit from the jack J thereby opening the cir-
cuit of relay 1065. At armature 1075 relay (069
opens the circuit of relay 1066 which thereupon
decnergizes, and at the resting contact of ar- 5
mature 1015 sgain completes the circuit for high
resistance relay (063. At armature {074 relay
1063 completes the circuit for energiz'ng relay
062, and the latter relay at armature 1070 opens
a point in the circuit to relay foet. 10

Relay 1003 in the trunk iine TR deenergizes
when connected in series with the high resistance
relay 1063 and at armature 1018 opens the circuit
of relay 1004. Relays 1001 and §003 temporarily
operate without effect at this time and relay 1004, 15
upon deenergizing, at armature 102{ opens the
locking circuit of relay 1006, which thereupon de-
energizes and at armature 1923 opens the circuit
to reiay (018 which likewise deenergizes. Relay
1006, upon deenergizing, at armature §630 discon- 20
nects ground from test conductor 146 to restore
the cut-off relay 101, cut-off relay 47(, and relay
620 in the link circuit. Cut-off relay 37{ deen-
ergizes in the same manner as previously described
to cause relay 410 to release and restore the line 23
circuit to its normal position. cut-off relay (04
likewise deenergizes to cause the release of relay
{00 to restore the trunk line circuit to its normal
position. Relay 620 deenergizes when ground is
removed from conductor 289 by the deenergization 30
of relay 1008 disconnecting ground from conduc-
tor 146, and at armature 622 disconnects ground
from conductor 214 to open the locking circuit of
finder group control relay 122 and the finder unit
relay 200. At armature 625 relay 620 disconnects 25
ground from conductor 329 to open the locking
circuits of relays 660 and 158, connector group
control relay 432, and the connector unit relay
830. At armature 626 relay 620 removes ground
from guard lead 616 to free this link and make it 40
available for other calls, and at the resting con-
tact of armature 626 grounds the all link busy
conductor 628. Finder group control relay 122
deenergizes to disconnect the test conductor of E
the incoming end of the trunk line from the link ¢3
circuit at armature (10 and at armature 124
opens the circuit to the finder group line relay
121. PFinder unit relay 200 and connector unit
relay 330 deenergizes when ground is removed
from their locking circuits. Connector group i0
control relay 432, upon deenergizing, disconnects
the test lead of the called line from the link cir-
cuit at armature 437 and at armature 433 opens
the circuit to the connector group line relay #430.
In the link circuit relay 150 deenergizes when its ~
locking circuit is opened in response to the dis-
connection of ground from conductor 329. Trunk
test relay 660 also deenergizes and at armature $83
opens a further point in the circuit to the con-
nector group line relay 430 and at armature 659 €
opens a further point in the circuit to finder
group line relay f21. All of the relays in the
Jink circuit and the relays in the trunk are now
at normal position and may be used on other
calls.

‘In case the called line was busy when called,
then the busy relay 670 instead of line test relay
$80 is energized as previously described to con-
nect the busy tone to the calling line conductors,
in this case conductors (47 and 148, and is trans- 70
mitted over the heavy talking conductors and
through the repeating coils of the trunk circuit
to the operator. When the operator hears the
busy tone the operator will remove the plug from
the jack to cause the deenergization of relay 1088, 75
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The deenergization of relay 1865 includes the
high resistance winding of relay 1068 in series
with relay 1003 in the trunk line TR to cause
relay 1603 to deenergize. In this case relay 1003,
upon deenergizing, at armature {8{9 opens the
loop circuit extending to the link and at arma-

ture 1048 opens the circuit of relay 10064, Relay -

1084, upon deenergizing, at armature
the circuit of relay 1086 to cause its
tion. Relay 1006, upon deenergizing, causes the
release of the link in the same manner as pre-

162! opens

"viously described, and in addition the deenergiza-

tion of relay 620 at armature 624 ovens the lock-
ing circuit through the upper winding of relay
670 to cause its deenergization. . .
When trouble occurs at the local exchange the
distant  operator is signalled over a particular
one of the trunks and is informed when she
answers of the nature of the trouble by a series

of tones. There are three causes of trouble, any .

one of which may cause the seizure of this par-
ticular trunk if idle to signal the distant oper-
ator. 'The first of these troubles may be the fail-
ure of the ringing machine to generate ringing

" current or the code interrupter may fail to func-

tion properly; second, the battery charging equip-
ment may fail; and third, the fuse associated
with a link, a trunk, or an alsrm sender may
blow. :

' As previously described in case the ringing ma-
chine fails to generate ringing current relay 958
fails to operate and therefore the circuit to relay
838 is not completed. Relay 938 in such in-
stances maintains ground on generator alarm
lead 1198 at armature 982. Also in case the code
interrupter fails to operate properly- either by
failure o disconnect ground from the hold con-
nector H to deenergize relay 858, or by the failure
to connect battery to the pick-up conductor PU
to cause the intermittent operation of relay 960,

relay 938 deenergizes to ground generator alarm-

lead 1198. Whenever the generator alarm lead
1188 is grounded a circuit is completed for ener-
gizing relay 110Z as follows: ground at armature
982, armature 978, generator alarm lead {198 ex-
tending to Fig. 11, armature §477; armature 4128
and resting contact, through the winding of relay
1103 to battery. Relay {163 starts its spring ({t§
vibrating to prepare g circuit for energizing relay
1§02 which relay is slow to operate and will not
operate until springs (4 practically  cease to
vibrate. The momentary grounding of - gener-
ator ground lead (198 during the normal opera-
tion of the ringing machine and code interrupter
is not of sufficient duration to cause relay (488

" - to be held energized long enough .to cause the

co
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energization of relay {63,
In case the battery charging equipment (not

shown) should fail to function properly then the

charge alarm lead 1§97 is grounded to cause the
energization of relay 1083 over the following cir-
cuit: from grounded charge alarm lead ((87, ar-
mature {181, armature £(28 and resting contact,
and through the winding of relay §182 o batiery,

In case a fuse associated with the alarm sender
AS should blow, then battery is connected over
the fuse lead through the lower winding of fuse
alarm relay |15 to ground to csuse its energiza-
tion. In case a fuse asssociated with any one of

-the trunk lines except the alarm trunk line should

blow, then battery through the upper winding
of relay 1068 is connected by way of conductor
458 through the upper winding of relay {168 to
ground. Both relays (618 and {158 operate over
this circuit. Relay 1612 at armature 1652 con-

deenergiza- .

27

nects ground from armature 1036 to the trunk-

test lead 166 to busy the trunk. In case the fuse
assoclated with the alarm trunk line should blow
then battery is disconnected from relay 1683 by
the blowing of the fuse with the result that relay
1063 in the trunk circuit TC at the distant ex-
change deenergizes. The deenergization of reloy
1963 causes relay 1662 to decnergize and operate
and complete the circuit for alarm reley 1861,
Relay 1061 energizes and at armature 1668 com-
Dletes a locking circuit for itself from ground at
key K. At armature 106S relay 061 completes
the circuit for operating the alarm bell B. When
the operator answers, the trunk

her that the fuse on this particular trunk has
blown. . )

In case a fuse associated with any link should
blow, for example, the fuse shown in Fig. 6, then

‘battery is connected through the upper winding

of relay 604 and over conductor 1059, through
the upper winding of relay (159 ‘to ground to
cause relays 604 and 1159 to energize. At arma-
ture 605 relay 604 grounds the guard lead §18 to
make the link busy and to prevent seizure of this
link and at armature 606 disconnects ground from
the all link busy conductor 629. At armature 667
relay 604 connects the grounded time cut-off con-

line is dead and .
she will receive no tones whatever, indicating to 1;

20
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ductor 649 to conductor 219 in place of ground

at the normally closed springs controlled by ar- ¢

mature 607 in order to maintain the finder group
line relay energized, and at armature 668 dis-
connects the time pulse. conductor 655 from the
lower winding of relay 604 and connects ground
at armature 608 in place thereof to the lower
winding of relay 604. -

Whenever fuse alarm relay 1158 is energized
said relay at armature 1199 operates the fuse
alarm lamp and at armature (88 closes the cir-
cuit for energizing relay 1183 over the following
circuit: ground by way of armature 1189, arma-
ture 1185, armature 1138 and resting contact, and
through the winding of relay 1103 to battery.

When the trunk line assigned for trouble sig-
nealling is in use as previously described it will be
remembered that test lead 1688 is grounded
through the trunk line relays TLR of Fig. 1 to
prevent the operation of a trouble alarm from in-
terfering with the conversation on the trunk line,
Ground on conductor {66 completes a circuit for
energizing relay 1161 by way of armature 1116,
At armature (1] relay 110¢ maintains the nor-
mally energized relay i 104 in operated position ir-
Trespective of the operated condition of relay {162,
Since relay {184 is maintained by relay (181 as
long as the trunk line is busy the trunk line is
not seized by the alarm sender until such trunk
line becomes idle.

As. previously described relay 1108 energizes in
response to the different troubie signals and pre-
bares the circuit for energizing relay 1§62. When
spring {14 practically ceases to vibrate relay {62
energizes and opens the circuit of reiay §184 in
case relay 1101 is not encrgized. At armature §§(§
relay 1§64 disconnects relay £18f and connects
ground to conductor 168 to busy the trunk line
against outgoing calls by energizing cut-off relay
{8{ in the usual manner. At armature (115 re-
lay 1104 disconnects conductor {65¢ from conduc-
tor
deenergization of relay 1883 at the distant ex-
change, At armature §§17 relay 1104 completes
the circuit for energizing relay {{85. Relay 1185,
upon energizing, at armature 1448 grounds the
generator start lead 657 to start the ringing ma-

1057 thereby opening the trunk to cause the 7
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chine and at armature §§24 completes the eircuit
for energizing relay 1107 by way of armature {128,
At armature {119 relay 1105 starts the spring
1120 vibrating to prepare a circuit for the slow-
to-operate relay {106. Relay t107 operates its
weighted armature 1126. . :

When the trunk line is opened at armature 1115
relay 1063 deenergizes and at armature 10T opens
the circuit to relay 1062. Relay 1062 deenergizes
and at armature {070 completes & circuit from
zrounded armature 1074 for operating the alarm
relay 108f. At armature 1068 relay 1061 locks
to the alarm release key K, and at armature (069
operates the alarm bell B to signal the operator.

When the vibrating spring 1120 has practically
ceased to vibrate relay | 06 operates and at arma-
ture 1122 connects the trunk leads 1056 and 1057
to cause the reenergization of relay 1063 at the
distant exchange. At armature 1124 relay 1106,
grounds conductor 148 and at armature |23 con-
nécts battery through the winding of relay 1§09
toconductor {41 to prepare the energizing circuit
for relay {109. At armature 1125 relay 1106 con-

" nects the resistance ZA in series with relay 1101

40

5 repeating coil RC,

and also completes a short circuit for relay 1107
extending from battery at armature 1126 through
the armature 1128, Due to this short circuit re-
lay |97 deenergizes and at armature (126 opens
its short circuit. Reiay 1107 is now energized
from ground at {121 through the resistance ZA
and, upon operating, again short circuits itself
at armature 1126, This .cycle of operations is
repeated continuously during which the vibrating
spring 1426 produces periodic variations in the
charge of the condenser VA as the short circuit of
relay (107 is opened and closed. In this manner
a special alarm tone is generated for transmission
over the trunk line.

When the operator answers relay 1065 is ener-
gized from jack springs 1679 to open the original
energizing circuit of relay 1061 at armature 1074,
and at armature 1615 substitutes the winding of
relay 1066 for relay Hd83. When relay 1066 is
jncluded in the trunk connection:relay 1003 ener-
gizes over the- previously traced circuit. At
armature 1018 relay 1003 completes the circuit
for energlzing relay 1994. At armature 1023 relay
1084 completes the circuit for energizing relay
161§ through the normally closed springs con-
trolled at armature 1948, and at armature 1021
completes the circuit from ground at armature
1036, through the normally closed springs. con-
trolled by armature 1029 through the upper
winding of relay 1001 for energizing the latter re-
lay. Relay (011 energizes as before and at the
vibrating spring (048 prepares the circuit for
energizing relay 1010. Relay 1001, upon energiz-
ing, at armatures 1015 and 10i6 connects the
lower winding of relay {081 in bridge of the right-
hand windings of the repeating coil RC and the
conductors 14T and 148 to complete the circuit for
energizing relay 1109, The circuit for energizing
relay (109 extends from grounded armature
1124, conductor 141, lower right-hand winding of
armature 10i6 and working
contact, armature 1018, lower winding of relay
100, working contact and armature 1015, upper
right-hand winding of repeating coil RC, con-
ductor 147, armature (123, and through the wind-
ing of relay 1108 to battery. At armature 1§31
relay 1109 connects dial tone to cunductor 147
over the following circuit: from dial tone con-
ductor 648, resting contact and armature 1176,
condenser ¥B, resting contact and armature
1166, armature 1134, armature 1123, conductor

2,028,239 '

{41, and from thence to the repeating coil RC
over the previously traced circuit back to ground
at armature {124, Dial tone is induced into the
left-hand winding of repeating coil RC and is
transmitted over the trunk conductors 1054 and
({055 to the operator in the well known manner.
At armature (134 relay 1199 connects a multiple
ground to relay 1103 so that relay 103 will re-
main operated until the cycle of tone signals is
completed. At armature
pletes the circuit for energizing relay {108. Relay
1108, upon energizing, at armature (127 com-
pletes the circuit for energizing relay 1151 by
way of armatures {173 and 1168, at armatures
1128, 1129 and (130 opens the initial energizing
c'reuit of relay 1103 and at the working contacts
of these armatures completes 2 locking circuit
for one of the following relays 1155, 1§57 or 1158

.dependent upon the particular trouble condition

which exists. In case the trouble was & genera-
tor alarm then relay 1156 is energized over the

{132 relay {103 com-

<

grounded generator alarm conductor 1498, arma- -

ture (111, armature (128 and working contact,
and through the winding of relay 1156 to battery.

. At armature (178 relay 1156 completes the lock-

ing circuit to grounded alarm| conductor (198
and at armature 1§79 connects up the generated
alarm tone. In case the trouble is the failure
of the charging machine then charge alarm re-
lay 1157 is energized from ground on conductor
1197 by way of armature 181 and armature 1129
and its working contact, and through relay 157
to battery. At armature 1182 and relay §157 com-
pletes its locking cireuit to grounded charge con-

“ductor 1197 and at armature 1188 prepares the

circuit for connecting up the alarm tone. In
case some fuse has blown then relay 1158 ener-
gizes from ground at armature (189 by way of
armature 1185 and armature 1130 and its work-
ing contact. At armature 1186 relay {158 com-
pletes its own locking circuit and at armature
1187 connects up the alarm tone. At armatures
1180, i184, and 1188 relays 1156, 1157, and 1158,
respectively compiete the circuits for illuminating
the generator alarm, charge alarm,
alarm lamps.

Relay {151, upon energizing, operates its spring
168 which vibrates and when this spring prac-
tically ceases to vibrate the circuit for energiz-
ing slow-to-operate relay {i52 is completed by
way of armature 1162 and ground at armature
i121. At armature #1884 relay {152 opens the
circuit of relay 151, at armature {165 closes the
circuit through the upper winding of relay 1153,
and at armature (186 removes dial tone from
conductor 1199. At the working contact of arma-
ture 1166 relay 1152 connects the alarm tone to
conductor (199 in case the fuse alarm relay {168
is operated. This circuit would extend by way

of tone condenser YA, armature {1187, resting ©

contact and armature {168, working contact and
armature §168, conductor 1199, armature 11314,
armature 123, conductor {87, and thence over
the trunk circuit and to the operator in the well
known manner.

Relays 1153, 1154 and 1155 are two-step relays
and operate only their armatures 1168, 1171 and

1164 on their first step when such relays are ener-

gized through their upper windings. Relay {183
energizes in its first step over the following cir-
cuit: from ground at armature 127, armature
1165, armature 1167 and resting contact, and
through the upper winding of relay 1153 to bat-
tery. At armature 1188 relay 1153 in its first
step closes a short circuit around its lower wind-

and fuse
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ing. Relay {48} deenergizes after an interval and
at armature (182 opens the circuit of relay (182,
Relay 1182, upon deenergizing, at armature 1168
disconnects the alarm tone in case the fuse alarm
relay 1188 is energized, at armature 1§64 again
completes the circuit for energizing relay 1154

-and at armature 1485 removes the short circuit

from around the lower winding of relay {453.
At the resting contaci of armature {066 relay
1182 again connects dial tone to the trunk line.
Relay 1058 now energizes in its second step from
zround by way of armature {{27, armature {168
through the lower and upper windings in series
to battery.
erating In its second step, opens s point in its
original energizing circuit and prepares g circuit
for two step relay 1154, At armature ({63 relay
4193 opens & point in the fuse alarm tone circuit
and et its working contact prepares -2 point in
the charge alarm tone circuit, Relays §05] and
1182 operate in the came manner as previcusly
deseribed, and relay (4152 at armeature {164 opens

.the circult of relay 1150 and at armaiure {168

completes the circuit for energizing relay {454 in
i%s first step as follows: ground by way of armea-

bure 1927, srmature 1185, armature § 187 and

working contact, armature 170 and resting con-
tact, and through the upper winding of relay {154
to batiery. Relay 152 at srmature 1186 qis-
connects dial tone at its resting contact and ai its
working contact completes the circuit for giving
an zlerm tons in ease the charge slarm relay
1187 is opersted. This alarm circuit would ex-
tend through the tone condenser YA, armature
1483, resting contact and armature {973, working
contact and armature 1168, and thence over the
previously traced circult to the trunk line and op-
erator. Relay {158 operates only its armature
1171 on its first step and completes a short cir-
cuit through its lower winding through arma-
tures {176, {487 and 1165, Relay §15 again de-
energizes and at armature (182 again opens the
tircuit of relay {152. Relay {052, upon decner-
gizing, at srmature 1156 disconnects the alarm
tone if connected and st its resting contact again
connects dial tone to the trunk line. At arma-

bure 1084 relay (052 again completes the circuit

for energizing reley 115} and at armatiire 1435
removes the short circuit from around the lower
winding of two-step relay 054 to permit the
latter relay to energize through its second step.
The relay 1954 energizes through its second step
irom ground at armature 1127, armature 147,
through the lower and upper windings of relay
1054 to battery. At armature 1170 relay (454
opens a point in its original energizing circuit
and at its working contact prepares the circuit
Tor two-step relay 1155, At armature {172 relay
1488 disconnects the alarm tone in case the

charge alarm relay is operated, and at its work-

ing contact prepares a circuit for connecting the
alarm tone in case the generator alarm relay {58
is operated. Relays {i5{ and 1§52 again operate

« &S5 previously described, velay {452 opening the

~y
<t

circuit of relay 1451, and at armature {485 com=

pleting the cireuit for operating two-step relay
1485 in its first step, and af armature (68 dis-
cennects dial tone and connects the alarm tone

" to the trunk line in case generator alarm relay

4136 1s operated. Relay {435 operates in its fArst

step over the following circuit: from ground at -

armature {27, armature (165, armatures §(§7
and {478 and their working contacts, armature
474, threugh the upper winding of relay 155
to battery. Relay /155 operates only its armature

At armaiure §187, relay 1188, in op--

29

{178 in its first step thereby completing o short
circuit through iis lower winding by way of ar-
matures 1478, #1790, 1467 and {165, Relay 1154
again deenergizes and at srmature {52 again
opens the circuit of relay {152, Relay 1452, upon 5
deenergizing, at armature 164 closes the cir-
cuit of relay 05§, at armature (485 opens the
short circuit from around the lower winding of
relay - {485, at armature ({88 removes the -
glerm fone and connects the dial tone to the 19
trunk line in place thereof., Two-step relay 1055
energizes through its second step from ground-
ed armature (127 by way of armature 4475
and. through the lower and upper windings of
relay 1156 to battery. ' At armature 4178 relay 15
§158 opens the circuit of reley 148, at armature
1474 opens a point in its original energizing cir-
cuit, at armature 1175 disconnects dial tone and
connects the busy tone to the trunk line, in place

‘thereof. From the foregoing it will be seen that 2¢

when the operator answers the alarm signal the
operator hears Airst the dial tone. The dial tone,
is then followed either by the. slarm tone, to in-
dicate an operated alarm fuse, or by & silent )
period, to' indicate that no slarm fuse has op- 25 -
erated. - After the alarm or silent period the dial
tone indicates the end of the alarm fuse test.

‘The dial tone is again followed either by the

alarin tone to indicate that the charging equip- |
ment has failed or by 2 silent peried fo indicate 30 )
that the charging equipment is functioning prop-
erly. After this alarm tone or silent period the
dial tone indicates the end of the charging equip-
ment {est. Once more the dial tone is followed
either by the alarm tone to indicate this time that 35
the ringing equipment has failed or by a silent
period to indicate that the ringing equipment is
functioning properly. After the last alarm tone

+ or silent period the busy tone indicates the end

0f the alarm equipment test and that this equip- 40
ment has completed all of its tests.

When the operator disconnects by removing
her plug relay 1065 deenergizes, thereby discon-
necting relay 1868 and connecting high resist-
ance reiay 1683 to the trunk by way of armature 45
1078, Due to the high resistance of relay - 1063
relay 1893 in the trunk line TR deenergizes. At
armature 1619 relay 1803 opens the bridge main-
taining relay 1109 energized and at armature
1848 opens the circuit of relay 1004. Relay 1004, 50
upon deenergizing, at armature 1621 opens the

.eircuit of relay 1081 and at armature 1923 opens

the circuit of relay 101§ which deenergizes. At
armatures {8{5 and 1815 relay 1801, upon de-
energlzing, reconnects relays i002 and 1007 to 55
the conductors of the trunk line thereby restor-
Ing the trunk line TR to normal condition. Re-
Iay {108 deenergizes when its circuit is opened
by relay (803, and at armature {132 opens the
circuit of relay 108. At armature {131 relay 60
{189 opens a point in the tone circuit and at
armature (13§ opens the circuit of relay §§03.

-Relay (188, upon deenergizing, at armature {427

opens the locking eircuits of two-step relays 1153,
1159 and 1155 to cause their deenergization, and 65
at armatures 128, 123 and 1130 prepares a
point in the circuit for energizing relay 1103.
Relay. 1103, upon deenergizing at armature 143
opens- the circuit of relay {162 which thereupon
deenergizes. At armature ({12 relay (102 com- 70
pletes the circuit for energizing relay (104. At
armature {{§ relay 1104 prepares a point in the
circuit for relay 1104 at its working contact, and
at its resting contact disconnects ground from

test conductor 166 to deenergize the cut-off re- 75 '
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_in the circuit for relay 1108,

~same are held by a

30

lay 10! in the trunk line circuit and to make

the alarm. trunk free for calls to and from the

operator. At armature 1115 relay 1104 connects
the conductor 1056 to conductor 1057 and at ar-
mature 4117 opens the circuit of relay 1105. Re-
1ay 11085, upon deenergizing, at armature 1118 dis-
connects ground from generator start lead 657
to stop the ringing machine, at armature fizt
opens the circuit of relay 1107 and at armature
1119 opens the circuit to relay 1106, Relay (167
deenergizes and restores its vibrating armature
{126 to normal position. Relay {106, upon de-
energizing, at armature 1122 opens a point in
the dialling conductors 1656 and 1057 now closed
at armature 1115, at armature {123 opens a point
at armature (124
disconnects ground from conductor 149, and ab
armature {125 prepares a point for energizing
relay 1107. All the relays shown in the alarm

senders are now Yestored to their normal con- -

ditions except the particular alarm relay which
operated in response to the trouble and this re-
lay remains locked energized over its locking
circuit until the trouble is cleared. .

Provisions have been made so that the oper-
ator may call a special verification number in
order to receive the alarm tone series to deter-
mine whether the trouble has been cleared or
not. This test number will correspond to the
number of the line set aside for this purpose, and
the operator in order to make 2 verification test
will call this verificaticn line in the same man-
ner as calling a local subscriber.
therefore plugs into an idle trunk and causes
the connection of an idle link to the trunk in the
same manner as previously described. After con-
nection of the link to the trunk line the operator
dials the test number to cause the link to con-
nect with this number.
connects ground to the test lead of this test num-
ber to cause the energization of relay #1108 in
Fig. 11. At armature 1135 relay {110 completes
a locking circuit for itself through its lower wind-
ing from grounded armature $133, and at ar-
mature {136 completes the circuit for operating
relay {103. The operator now disconnects from
the trunk line in the same manner as previously
described. 'The operation of relay 1103 causes
the series of tones to be: transmitted over the
glarm trunk in the same manner as previously
described. In this case, however, when relay
1109 energizes said relay at armature 133 opens
the locking circuit of relay 1110 to cause the de-
energization of this relay. At armature {136 re-
lay i110 opens the circuit of relay 1103. If the
trouble conditions still exist one of the alarm
relays 1156, 1157 or 1t68 is operated, and the
operator hears the alarm tone at the appropri-
ate time during the series of tones. If the trouble
condition has been cleared the alarm relays 156,
{157, 1158 and (159 sre all at normal and the
operator therefore does not hear the alarm tone
indicating to her that the trouble is clear. When
the operator disconnects the equipment returns
to its normal condition, as previously described.

Time disconnect has been provided for freeing
the link circuits and trunk circuits when the
permanent line. The link
“eircuit is considered to be held by a permanent
line under the following conditions. (1) When
the calling subscriber fails to complete a con-
nection to the called line; (2) when the calling
subseriber fails to hang up after a completed call;
and (3) when the calling subseriber fails to hang
up after receiving the busy tone, A timing de-

The operator

The link circuit then

_clreuit of relay 604

2,023,239

vicé is provided in Fig. 11 for grounding the time
pulse lead 665 and the time cut-off lead 648 at
predetermined intervals. Leads 649 and €53 are
grounded at predetermined time intervals as fol-
lows: the clock springs 1194 are periodically 5
closed to complete a circuit for energizing relay
1166. Relay 1160, upon energizing, at armature
1191 and resting contact disconnects ground
from the time cut-off lead 649 and at its working
contact completes the circuit for energizing relay 10
1161. Slow to release relay {18, upon energizing, '
at armature (193 prepares & point in the circuit
for connecting ground to the time pulse lead 659.
Clock springs (194 open after a predetermined

time to cause the deenergization of relay 168.15

At armature 1191 relay {160 opens the circuit of
slow to release relay I16f at its working contact,
and at its resting contact connects ground to time
cut-off lead §49. At armature 192 relay 118
connects ground to time pulse lead 6585 by way of 20
armature 1193 on the slow acting relay 116. Due
to its slow releasing characteristics relay {161 is
maintained energized for an interval after relay
1160 deenergizes and during this interval con-
nects ground to the time pulse lead 655 at arma- 25
ture £193. When relay {161 deenergizes ground
is removed from the time pulse lead 655 at arma-
ture £193. At the next period of operation, clock
springs {194 again completes the circuit of relay
{160 and the relays operate in the same manner 30
as previously described.

wWhenever a link circuit is seized the lower wind-
ing of the time release relay, such as relay 604,
is connected to the time pulse lead 655. In case
the link circuit is not in talking position, that is, 35
in case relay 110 has not operated to open the
circuit to relay 604 at armature 713, ground on
time pulse conductor 655 completes the circult
for energizing relay 604 as follows: from ground
by way of armature 1192, armature 1193, con-
ductor 655, through the normally closed springs
controlled by armature 608, conductor 149, arm-
ature 713, conductor 148, armature 645, and
through the lower winding of relay 604 to bat-
tery. At armature 608 relay 604 locks itself in 45
energized position independent of ground on the
time pulse lead 655. At armature 607 relay [1:11
transfers the circuit of the finder group line re-
iay, such as relay 120, from direct ground at the
normally closed springs controlled by this arma- 50
ture to ground on the time cut-off lead 649. The
finder group line relay 120 is now, therefore, main-
tained energized from ground over the time cut-
off lead 649. At armature 606 relay 604 discon-
nects one of the multiple ground connections from 53
all link busy conductor 629 and at armature 605
maintains ground on the guard lead 616 to busy
this link circuit. If the link reaches talking po-
sition before ground is removed from the time
cut-off lead 649 rélay 710 will energize over the 60
called loop and at armature 113 will open the
thereby causing it to deener-
gize. At armature 607 relay 604 connects direct -
ground at the normally closed springs controlled
by armature 607 to the finder group line relay 126 65
to hold such relay in energized position. . How-
ever, if relay 110 does not energize before ground
is removed from time cut-off conductor 649 then
the disconnection of ground from the time cut-
off lead 649 by the operation of relay i 160 causes
the deenergization of finder group line relay 120.
The deenergization of finder group line relay i20
opens the circuit to relays 690 and 692 of the link
thereby causing their deenergization. The de-
energization of these latter relays causes the re- 75
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lays in the link to restore to their normal posi-
tioms in the same manner as previcusly described.
In this case relay 818 at armature 815 opens the

. locking circuit of relay 624 to cause the latter re-

lay to deenergize. At armature 808 relay 624
disconneets ground from the guard lead €15 to
iree the link, . :

When a subscriber fails to heng up his receiv-
er or in the case of & leak across the line great
encugh {0 opsrate line relays, such as line relay
172, such Hne is considered to be a permenent
line. When the link circult is relessed and the
circult to the cut-off relay, such as relay (74, is
opened either upon the completion of an incom-
ing eall or after the line has been automatically
disconnecied from the lnk. Cut-off relay {74,
apon restoring, at armature (79 opens the cir-
cult o relay 179 and at armetuves (17 and 178
connects relays {78 and (72 to the permanent
line. Relay 172, upon energizing, at armature
178 grounds the test lead to make the line busy to
incoming calls, and at armature (8¢ closes the
locking civeult to relay 179, Relay (79 is main-
tained operated over its armature 175 and also
prevents the grounding of the start conductor
137 extending to the relay allotter. At armature
J74 relay (78 prevents connection of battery
through the cut-off relay {71 from falsely marking
the line as calling in the finder relay group.
When permanent conditicn of the line is removed
relay {72 deenergizes snd at srmeture 18§ opens
the locking circuit to relay 178. At srmature 79
relay 172 removes ground from the test lead (58
o free the line. Relay 173, upon deenergizing,
2t armature (73 prepares the circult for ground-
ing the start lead 137, and at armature {78 pre-
pares the cfrcuit for marking the line g calling
in the findler relay group. . : :

The time release relsys in the trunk lines, such
as relay (813 in trunk line TR Fig. 10, prevents
the trunk lines from being indefinitely held up
in case the operator fails to answer or in case the
calling subscriber falls to hang up afier conversa-
tion after the operator has disconnected. After
couversation the operator disconnects, causing
the deenergization of relays 1833, 1688 and 1518,
25 previously described. At this time only relays
1888, 1907, 1992, 1012, and Possibly 10885 are in

operated positions in case the subscriber fails to

hang up. When relay 1915 deenergizes In response
{0 the disconnecsion of the operator sazid relay at
armature 1848 connects the time pulse lead 555 to
the lower winding of time release relay 01868.
When time pulse conductor 355 is grounded re-
lay 1813 is energized over the following circuit:
from ground st armatures 1492 and 183, time
pulse conductor 558, normally closed springs con-
trolled by armature 1954, armatures {948 and{g3s,
and through the lower winding of relay 1813 to
batiery. Atarmature 1054 relay 1018 connects di-
rect ground in place of ground on the time pulse
conductor 835 for maintaining the relay 1618 in
operated position Independent of the time pulse
conductor 885. At armature 1033 relay 013
transfers the upper winding of relay 1812 from
direct ground at the normally closed springs con-
trolled by this armature to ground on the time
cut-off conductor $48. If the trouble condition
continues ground is disconnected from the tima

cut-off conductor 848 after an inteval, and this
disconnection of gound opens the circuit of re- -

lay 1812 and the circuit of {runk line cut-off re-
lay 180. The disconnection of this ground also
disconnects the busying ground and also opens
the circuit of relay 620 in the link circuit. When

relay 628 deenergizes the link circuit is restored

to its normsl condition as previous described. The -

deenergization of the cut-off relay {81 restores the
trunk iine circuit to its normal position. When
relay {812 deenergizes said relay at armature 5
185! opens the circult of relay 1885 if such re-
lay is operated. When the link circuit releases
the relays therein open the circuit extending to
relays {082 and 4997 which now deenergize. At

- armature (883 relay 1987 opens the circult to re- 10

lay 1808. A% armsture 1938 relay {853 opens the
circutt to relay 1808 which now deenergizes to.
place the trunk line TR in normal condition.

Each link circuit Is fused separately and bat-
tery is fed to all the relays and connections in 15
the Unk through the windings I, 17, and IIY of
relay CB In multiple. If.the current drain for
one of the lnks exceeds a predetermined value,
say for exemple, the link circuit in Fig. 6, then
relay CB in Flg. 6 operates. At ermature 545 20
relay CB opens the circuit from battery through
its No. I winding, 2t armature 644 opens the
circuit for feeding battery through its No. II
winding, and ai armature 648 closes the cir-
cult for ensrgizing time release relay 884 in se- 25
rles with the fuse alarm relay 1169, in PFig. 11,
by way of coaductor 8%9. The operation of
the fuse alarm relay in Fig. 11 causes the trou-
ble alarm sizusls {o be transmitied over the
alarm frunk as previously deseribed. The op- 30
eration of relay 304 af armature G693 grounds the
guard lead 848 to busy this link circuit, and at
armaiure 888 removes one of the multiple grounds
from all link busy conductor §29. The high re-
sistence of the No. III winding of relay CB pro- 85
tects the link from excessive current drain and
may couse all or some of the operated relays in
the link to deenergize. ’

Having described the invention what is.con-
sidered o be new and is desired to be protected 40
by Letters Patent will be set forth in the fol-
lowing claims."

What is claimed is:

1. In a telephone system, groups of lines, a -
plurality of Iinks for interconnecting ssid lines, ¢5
2 first and a second relay group in each of said
links, means common to said links responsive to
& line in ome of said groups initiating a call
for marking such group as calling and for seiz-
Ing an idle-one of said links, means in sald com- 50
mon means responsive thereto for operating only
the relay corresponding to the calling group in
the first relay link group of said seized link, means
operated by said relay for marking the -calling -
lne in the second relay link group, and means 55
for sequentially opersting the relays in the sec-
ond link group to And the marked calling line, -

2. In o telephone system, groups of lines, a
plurality of links for inferconnecting said lines,

a first and a second group of relays in each of €9
Said links, a relay slletter common $o said links
having a group of relays for preselecting an idle
one of said links, means respons.ve to g line in
one of sald groups initiating a call for mark-

Ing such group ss caliing in the siiotter, g second €3-

group of relays in said alloiter sequentizally op-
erated in response to the initiation of a call to
find the calling group, mcans responsive thereto
for operating a relay in the first group in the
preselected idle link to mark the calling line in +
the second relay link group. and means for se-
quentially operating the relays in sald second
link zroup to find the marked calling line.

3. In & telephone system, groups of lines, finder
links for extending connection’s between said lines, 79
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an allotter common to sald links and said lines,
means responsive to a calling line in one of said
groups initiating a call for marking such group
as calling in the common allotter, means in said
common allotter operated in response tc the
initiation of & call for finding the marked call-
. ing group, and means in.an idle one of said links
operated in response to the allotter finding the
marked calling group for connecting all the lines
of said calling group to such idle Iink for testing
purposes. :
"4, In a telephone system, groups of lines, finder
Hnks for extending connections between said
lines, an allotter common to said links and said
lines, means responsive to a calling line in one
of said groups initiating & call for marking such
group as calling in the common allotter, means
in sald common allotber operated In response
to the initiation of a call for finding the marked
calling group, means in an idle one cof said links

operated in response to the allotter finding the

marked calling group for connecting all the lines
of said calling group to such idle link for test-
ing purposes, and Imneans in said connected link
operated by sald allotter in response to said
alloiter finding the marked calilng group to
hunt for the calling line in the calling group.

5. In a selecting system, & plurality of links,
a group of selecting relays comprising a relay for
each link, means for energizing the first of said
relays, means responsive to the operation of said
first relay for selecting the first link for use if
idle and for operating the second relay in case
the first link is busy, means responsive to the
operation of said second relay for deenergizing
said first relay, for selecting the second link
for use if idle and for operating the third relay
in case the second link is busy, and means for
successively operating sald relays as set forth
until an idle link is found.

6. In a selecting system, & plurality of links
for use in completing connections, a chain of
selecting relays comprising a relay for each link,
energizing circuits and locking circuits for said
relays, one of said relays being normally ener-
gized over its locking circuit in case one Or more
links are idle, each said relay when energizing
opening the locking circuit of the préceding re-
lay, preselecting the corresponding link for use,
and preparing the energizing eircuit for the next
succeeding relay in the chain, and means for
operating said next succeeding relay over the
prepared energizing circuit when said preselected
link is made busy to preselect the next succeed-
ing link and in case this link is busy for causing
the sequential operation of said relays until an
idle link is preselected.

7. In a telephone system, groups of lines, a
plurality of links for interconnecting said lines,
s group of finder relays, a group of finder unit
relays, a group of connector relays, and a group
of connector unit relays in each link, means re-
sponsive to a line initiating a call for marking

the calling group, a group of relays common to’

said links operated sequentially to find the call-
ing group, means operative when the group is
“found for operating a finder relay corresponding
to the group calling in an idle one of ‘said links,
means responsive to the operstion of the finder

relay for marking the calling line in the finder

unit relay group, means operated responsive te
the calling group being found for operating said
finder unit relays sequentially until the marked
" calling line is found, and means responsive to im-
pulses transmitted over the calling line for op-
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erating a particular one of said connector group
relays in.the link in accordance with the group
number of the. called line and for operating &
particular one of said connector unit relays in
the link in accordance with the unit number of 8
the called line to extend the connection over the
link to the called line. ' :

8. In & telephone system, a goup of lines
comprising both subscribers’ lines and trunk
lines, & link for interconnecting said lines, & group 10
of relays in said link, each of said relays corre-
sponding to a line in said group, testing means
in said Hnk, and means responsive fo a calling
subscriber dialling only a single digit thereby
designating - a trunk cail in thiz group of lines 15
for sequentially operating the relays correspond-
ing to the trunk lnes in this group of lines to
successively connect said trunk lines to said test-
ing means-until an idle truak line in the group
is found. 20

9. In a telephone system, a group of lines com-~
prising both subscribers’ lines and trunk lnes, a -
link for interconnecting said lines, a group of
relays in said link, each of said relays correspond-
ing to a line in said group, testing means in said 28
link, a circuit controlled by each of said relays
when operated for connecting the line corre-
sponding to such operated relay to said testing
means, means for operating said relays to con-
nect the subscribers’ lines in said group over said 30
circuits ‘to said testing means in response to a
callirig subscriber dialling the group and units
digits designating calls o subscribers’ lines in
said group, and means for sequentially operating
the relays corresponding to said trunk lines t0'85
successively connect the trunk lines of said group
to said testing means until an'idle trunk line is
found in case the calling subscriber dials only a
single .group digit designating a trunk call in
this group. 40
- 10. In a telephone system, groups of lines, one
of said groups comprising both subscribers’ lines
and trunk lines and some of sald groups com-
prising only subscribers’ lines, & link for inter-
connecting sald lines, a group of relays in said 45
link, each said relay corresponding to a line In
each of said groups of lines, testing ‘means in
said link, means responsive to a calling subscriber
dialling the group digit of a calied subscriber’s .
number for connecting the group of lines corre- 50
sponding to such digit to sald relay group, means,
responsive to the calling subscriber dialling the

‘units digit for operating the relay in said group.

corresponding to the called line in this group,
circuits completed by the operation of each re- 55
1ay of said group for connecting only the line of
the connected group corresponding to such oper-
ated relay to said testing means, end means re-
sponsive to a calling subseriber. dialling only a
single group digit designating a trupk call in said €0
one group of lines for connecting such group of
lines to said relay group and for sequentially op-
erating the relays in said group corresponding to
successive trunk lines in this group to successively
connect such trunk lines to said testing means 65
until an idle one of said trunk lines in the group

is found. ‘

11. In a selecting system, a group of selecting
relays for making a selection, a conductor, & cir-
cuit for energizing the first of sald relays in- 70
cluding said conductor and the back contacts on
all of said relays in series, a circuit for energiz-
ing the second of said relays including said con-

-]

"ductor and a front contact on said first relay, &

circuit for energizing the third of said relays in- 75
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cluding safd conductor, the said back contact on

* said first relay and a front contact on sald sec-

10

15

20

ond relay, circuits for energizing the succeeding
relays each including said conducior, the said
back contacts of the second preceding relay and
of the relays operated previous thereto, and front
contacts of the first preceding relay, and means
responsive to connecting & source of current to
sald conductor for sequentially operating said re-
lays over said circuits to make g selection, -

12. In an impuise repeating arrangement, a

: lilne relay and a line over which it is energized, a

pulse relay, an impulse repeating relay and a pair
of auxiliary relays controlled by said pulse relay,
a circuit for said pulse relay ‘alternately con-
trolled by said pair of suxlliary relays jointly
with said lne relay and said impulse repeating
relay, and means controlled by =aid impulse re-
peating relay for repeating impulses,

13. In a telephone system, a ringing relay for

- transmitting ringing current to a cailed line, a

25

30

- 40

plurality of code ringing conductors, means for

- selecting a particular one of said conductors or

for selecting a combination of sald conductors,
means ‘operated in case only ome of sald code
ringing conductors is selected for operating said
relay a plurality of times to produce two series
of short rings, and means operatad in case a com-
bination of said code ringing conductors is select-
ed for operating said relay & plurslity of times
to produce a code ring comprising a iong ring
and a series of short rings.

14. In g telephone system, lines, a plurality of
links for inferconnecting said lines, a8 set of

counting relays and a ringing relay in each link,.
& plurality of ccde conductors common to said

links, means for controlling the counting relays
in any one of said links {o establish a connection
to one of sald lines and for selecting a particular
code conductor, means for connecting said code
conductors to said Hnk counting relays, an all
relay code interrupter common {o said links con-
nected to said code conductors, a zource of cur-

- rent and means for operating the relays in said

45

- 60

- 56

65

70

~ to said selected conductors.

interrupter to connect said source tc said code
conductors in predetermined code combinations
to operate said ringing relay over said selected
code conductor in accordance with the number
of times said source 13 connected to. sald selected
code conductor, - . -

15, In a telephone system, a ringing relay for
transmitting ringing current when energized, a
plurality of code ring conductors, s first and s
second mask ring conductor, a code interrupter,
means in sald code interrupter for connecting
sald source fo said code ring conductors in code
combinations, means in sald code intersupter
Zor connecting sald source to the Arst mask ring
conductor for the first half of each code combi-~
nation, means In said code interrupter for con-
necting said source o the second mask ring con-
ductor for the second half of each code combi-
nation, and means for selectively connecting said
code ring conductors and said mask ring conduc-
tors to said ringing relay to energize the same in
accordence with the connections of said source

18. In a telephone system, a ringing relay for
transmitting ringing current to @ called line, &
plurality of code ringing conductors, a pluralily
of mask ring conductors, means Zor selectively
connecting one or more of said conductors to satd

. relay, means operated in case only one of azaid

75

code ringing conductors is selected for operating
said relay thereover to produce two series of short
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rings, and means operated in case one of said
code ringing conductors and one of said mask
ringing conductors are selected for operating said
relay over the selected code ringing conductor to
produce a series of short rings and for operating 5
said relay over the selected mask conductor to
mask one of said series of short rings thereby pro-
ducing a long ring in accordance with the mask
ringing conductor selected. '

17. In a telephone system, a ringing relay for 10
transmitting ringing current, a plurality of code
ring conductors, means for selecting a particular
one of sald code ringing conductors and for con-
necting the same to sald relay, a code interrupter
comprising code forming relays, and interrupter 15
relays, & source of current, means for alternate-
ly operating said interrupter relays, means con- .
trolled by said interrupter relays for sequentially
operating satd code forming relays, and contacts
on said code forming relays for vonnecting sald 29
source to each code ring conductor a predeter-
mined number of times during sald sequential
operation to energize saild ringing relay over the
selected code ring conductor in accordance with

‘the number of times said source is connected to 25

sald selected conductor.

18. In a divided or bridged code ringing tele-
phone system, a called line having & positive and
a negative line conductor, means for extending g
conrection to said line, ringing means for trans- 30
mitting a plurality of different ringing codes, a

" set of counting relays, means responsive to the

receipt of a code ring digit for operating said -
counting relays to select a particular ringing code
in accordance therewith, a circuit for transmit- 35
ting the selected ringing code over the negative

- line conductor of said called line in case said code

ring digit isof a8 predetermined value or less, and
& second circuit controlled by one of said count-
ing relays for transmitting the selected ringing 40
code over the positive line conductor of. the called
line in case the code ring digit is greater than said

predetermined value.

18. In a telephone system, a called line, a plu-
rality of ringing condensers on sald line, a ring 45
cut-off relay, a circuit for sald relay, & ringing
conductor, a code ringing arrangement including
meabs for transmitting codes of ringing current
comprising ringing periods separated by silent
periods over said conductor to said called line, 50
means for tamporarily grounding the ring con-
ductor.after each ringing period during a portion
of each silent period to discharge the ringing
condensers on the called line and for preparing
sald circult to energlze the ring cut-off relay dur- 55
ing the remainder of each silent period, and .
means responsive to a party on said line answer-~
ing for completing sald circuit to energize said
relay on the first silent period after the party
answers, ] )

20. In a telephone system, s local

. 60
exchange, a

" main exchange, a trunk line interconnecting said

exchanges, means In said local exchange operated
In case of fault for seizing zaid trunk line it
idle and for signalling the operator at the main 65
exchange, means in said local exchange operated
In response to the operator answering for trans-
mitting a series of tones over said trunk line,
and means for connecting an slarm tone to said

. trunk line between certain ones of said tones 70

in accordance with said fault to identity the fauit.
21, In a telephone system, a local exchange, a
main exchange, a trunk line interconnecting said
exchanges, means in said local exchange operated i
in case of fault for seizing said trunk line if idle 78
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and for signslling the operator at the main ex-
change, means in said 10cal exchange operated in
response to the operator answering for trans-
mitting a series of tones over said trunk line in
accordance with said fault to identify the fault,
means for freeing said trunk line upon disconnec-
tion of the operator therefrom, and verification
means controlled by the operator for reoperating
said tone transmitting means.

22. In a selecting system, a group of selecting
relays for making a selection, a conductor; a cir-
cuit for energizing the first of said relays in-
cluding said conductor and the back contacts on
all of said relays in series, & circuit for energiz-
ing the second of said relays including said con-
ductor and a front contact on said first relay, &
circuit for energizing the third of said relays in-
cluding said conductor, the saild back contact on
said first relay and a front contact on said second
relay, circuits for energizing the succeeding re-
lays each including said conductor, the said back
contacts of the second preceding relay and of
the relays operated previous thereto, and front
contacts of the first preceding relay, means re-
sponsive to connecting a source of current to said
conductor for sequentially operating said relays
over said circuits to make a selection, and a lock-
ing circuit for each of said relays controlled by
a succeeding relay.

23. In an impulse repeating arrangement, &
line relay and a line over which it is energized, &
pulse relay, an impulse repeating relay controlled
by said pulse relay, & pair of auxiliary relays

alternately controlled by said impulse repeating .
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relay and said pulse relay, a. circuit for said
pulse relay controlled by said line relay, said im-
puise repeating reiay and alternately by said
auxiliary relays, and means controlled by said
impulse repeating relay for repeating impulses. 5

24. In g telephone system, two different code
ringing conductors, means for selecting either
one or both ringing conductors, means operated
in case the first ringing conductor is selected
for producing & series of short rings, for produc-
ing a long ring in case the second ringing con-
ductor is selected, and for producing & combina-
tion of both a long ring and a series of short
rings in case both said ringing conductors are
selected. :

25. In a telephone system, a local exchange, &
main exchange, & trunk line interconnecting
said exchanges, a source of dial tone and & source
of alarm tone in said local exchange, means in
said local exchange operated in case of fault for 20
seizing said trunk line and for signalling the oper-
ator at the main exchange, and means in said lo-
cal exchange operated in response to the operator

15

" answering for connecting dial tone followed by

a connection of said alarm tone and two further 28
connections of dial tone to said trunk line in
case of a first fault, for connecting dial tone

“twice followed by a connection of said alarm

tone and a single further connection of dial tone
to said trunk line in case of a second fault, and 30
for connecting dial tone thrice followed by a
connection of said alarm tone to said trunk line
in case of a third fault.

JOHN E. OSTLINE.




