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| _ 20 Clalms
This: invention relates in- general to automatm

telephone systems, but more in: particular to small -
- lines-in each group, in this case, since there are

systems-suited for installation in towns or villages:
An automatic telephone system of thistype is gen--

l era,lly known as a community automatic- -exchange

or C. A. X., and may have a capacity.of fifty lines;"
more or leSS

One-of the-features:of the inventionirelates to

the novel . circuit arrangement  in. the- ali- -relay
finder connector link for 1nterconnect1ng the VELI'I-J"— |
ous lines in this system. | L
- Another feature of invention rela,tes to an’im---
proved.talking arrangement for receiving: the im=-:-
pulses transmitted from a calling line and for re-tf---"
peating the impulses. . |

Another feature of. the inventmn relates to th.ea-fl

circuit arrangement for selecting and connectmgu

-various code rings to called subscribers’:lines..

These and other features.of the Invention wﬂl
~ relay prepares a circuit for the succeeding even

be-apparent from the following: detalled descrlp-

tion of the invention.

Referring now to the dra,wmgs comprlsmg Flgs g

‘1 to 6, inclusive, there is shown by means of the:

usual circuit diagram one of the-all-relay finder. - |
- ner each odd connector group test relay, such as

-relay’ 4t1, prepares a circuit for the succeedmg
- even’ connector group -test relay, such as relay

connector links, the different: line cireuits. and

substation circuits by means of which: the 1nven-e-'

ion may be described and understood

Fig.. 1 shows a party line, in this case line: I'l
The line condues
tors (4 and 15 and the incoming test ‘conductor
i6 -of this line, shown bracketed, extend to.the -
connecting end of the finder connector link :in

and 1ts associated line circuit.

Fig. 4 where the.conductors connect with corre-

spondingly numbered conductors. The remainder ®
of Fig. 1 shows the finding end of the finder:con=:-
nector:link comprising a set of finder:group re-
la,ys F'GR and finder units reldys . FUR. Each -
group- of lines, such as-the ten”group, has two

:ﬁnder group relays such as relay 110 for con~ -
| - illustrates:the chain circuit arrangement between: .

the various finder connector links in this system
while relays 500-to 570, mcluswe comprise ‘the
-allotting and  alarm relays.

naeting only the'line conductors-of lie group:10
to the link, and irelay {11 which" ‘cohnects only-

the test conductors of- line-group- {0 to the link.
It is-assumed in-this case that -there’are eight

groups of lines; each comprising seveirlines ‘each:

In . order' to .simplify -the--drawings,- only:three:
- close springs '502-and 503 at predetermined time-

g mterva,ls

groups of lines, namely’ the lﬂ-group, 20-group,
and-89-group have'been shown: - Edach of the lines

are cannected to a line circuit in the same: manner

Usually the lines are-party lines*
having either bridged: or' grounded ringing “cir-
- cuits over which the subscribers are signalled by
‘means’ of .code ringing. -Provision-is-also- made-
for trunking calls:to and from distant exchanges: - connector link and two line circuits.

1he object-of -the present- invention-is to pro-
vide a novel and improved all relay: community--

_automatlc exchange -of the foregoing character.- for each group of lines.

(Cl 179—-—17)

ast 111ustrated ‘for llne i{1. The finder umt relays
FUR - correspond in number to the number of

seven lines in- each-group there are seven finder
unit relays. Only three of the finder unit relays, 5

- however, have been shown in order to simplify

the“drawings.
Pigs. 2 and 3 .show the -control rela,ys of thls

- finder connector link,

Fig. 4 shows the connecting end of- thls ﬁnder 10
In the:same
manner as-described for the finder group relays :
the connectmg end of the link includes two relays"
The connector group re-
lay 410 for the first or tens group connects only 15
the line conductors of the lines in the':18-group
to-the link while the relay 411 connects only the

- test-conductors of the line in the 10-group ‘to the

link. Since there are eight groups of ‘lines then -
there are eight sets-of connector - group relays og
provided, but: Only four of such sets have been

~ shown. The connector unit relays comprise a
- group of seven relays, one relay for each corre-

sponding line in a group. In this case only four:

- of -the- connector unit relays are shown -in order 95

to reduce the drawings.  Each odd connector unit

connector unit relay, and each even connector

unit relay prepares a circuit for the succeeding

odd connector unit relay, as diagrammatically ao'-
illustrated by the dotted lines. In a similar man-

821, In a su:mlar manner: each -even connector 25

group test relay such as relay 421 prepares a cir-
cuit for the succeeding. odd connector group test
‘relay, such as relay 431, not shown. In the up-

per right-hand corner is shown the line circuit
for party:line Ti. The subscriber’s ringers on 49
this line are connected to both the: negatwe and

‘Positive line conductors to provide the so-called
~divided ringing,’ In the lower richt-hand correr
of ‘Fig. 4 is shown the line mrcmt of a ‘grounded

twenty-party line. 45
Fig." 9 in its upper portion dlagrammamcaﬂy '-

TS diagrammati- 50
cally-illustrates-a time switch which is started in
response to the- Operatmn of start reay 510 to

Relays 580 and 590 and interrupter
- 593 -comprise a timing device for- freemg a finder 55
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connector link in case the same is held by a
permanent line, |

~ PFig. 6 shows the code selecting relays CSR
which are controlled by the impulse repeating
relay in the link to selectively connect one of

the code ringing conductors extending to a ring-

ing interrupter, not shown. The ringing ma-
chine, not shown, is started in operation in re-
sponse to the operation of a switching relay in
any link circuit and periodically grounds the

code rineg conductors shown to produce codes in-

dicated by the numerals assocmted with such
conductors.

Briefly, the operation of this system is as fol-
lows: When a calling subscriber initiates a call

the test conductor of the calling line is marked

with calling potential and the calling group is

marked in all the finder group relays in all of

the links. The start conductor is grounded and
the finder group relays in the first idle link oper-
ate in sequence to find the calling group. When
the calling group is found the last operated

finder group relay connects the test conductor of

all the lines in the calling group to the finder
unit relay, which now operates in sequence until
the marked calling line is found.

Then the calling line is found the transfer

relay in the link is operated to prepare. another

idle link for use and the calling line is connected
to the control circuit of the link in use. The

the last operated connector group relay is main-

tained energized to connect the test conductor

of the called group to the connector units relays
of the link. The second digit reoperates the im-
pulse repeating relay to successively operate the
corresponding connector unit relays. Only the

last operated connector unit relay is maintained

energized to connect the test conductor of the
called line to the link control circuit. The third
digit reoperates the impuise repeating relay to

 gelect the ringing code. If the called line is
idle the ringing interrupter, not shown, grounds
the selected code ringing conductor to cause the
"bells on the called line to be rung in accordance

with the code selected.

In Gutgomg trunk calls the calling line 1s found
in the same manner as just described and in re-
sponse to dialling the two digits designating a

trunk call the corresponding connector group and

unit relays operate as before to connect with the
trunk line. In this case the code selecting dlglt
is not dla,lled as none is needed.

Local calls

It will now be assumed that subscriber' S in
Fig. 1 desires to call a subscriber S4 shown in

Fig. 4. When subscriber S removes his receiver

o, circuit is completed for energizing line relay |
over the following circuit: from ground by way
of armature 18 and resting contact, lower wind-
ing of line relay {, line conductor 15, through the
substation loop over line conductor 14, arma-
ture 8 and through the upper winding of relay
{ to battery: at armature 5, relay 1 connects call-

ing potential to the test conductor by way of

ormature I{ and the winding of cut-off relay 2;
at armature § and resting contact dlsconnects

the cut-off relay, 2 from the incoming test con-.

ductor 5 and at its make contact grounds the

test conductor 16 to make this line busy to other

subscribers attempting to call the same. At

first digit transmitted by the calling subscriber
operates an impulse repeating relay to succes-
sively operate the connector group relays. Only

armature T relay | grounds the start lead 6f com-
mon to the 10-line group to complete a circuit
for energizing the common start relay 510 as fol-
lows: from ground by way of armature T, arma-
ture 12 and resting contact, common start lead 5
61, resistance 61’ and through the winding of
start relay 510 to bhattery. At armature 511
relay 510 completes a circuit for energizing line

relay 207; at armature 512 prepares the locking

circuit for relays 540, 550 and 560; at armature 10

5{3 completes the circuit for energizing relay 520,
and at armature 514 prepares a circuit for shunt-
ing relay 520 and for energizing relay 538. The

circuit for energizing relay 528 extends from

“ground through winding of relay 520, armatures 15
513, 533, and 544, resistance 548 to battery. Relay

520, upon energizing, at armatures 521 prepares
g circuit for energizing relay 539 and at arma-
ture 523 connects the winding of relay 560 to the

time switeh TS. Relay 530 is not energized at 20

this time because this relay is shunted over the
following circuit: from. battery through the re-

" sistance 5468, armatures 544, 533, 5i3, and 521 to

the winding of relay 530 and battery.

Line relay 207 energizes over the following cir- 25
cuit: ground by way of armature 501, armature
511, resistance 515, armature 53l and resting
contact, in start lead 281, armature 215 and

‘resting contact, conductor l50 armature 246 and

resting contact, upper left-hand winding of re- 30
peating coil RC, normally closed spring con-
trolled by armature 233 and through the wind-
ing of line relay 207 to battery. At armature
230 relay 207 completes the c:trcult for energizing
impulse repeating relay 303, and at armature 35
231 prepares the circuilt for energizing relay 301.

The circuit for energizing impulse repeating re-

lay 303 may be traced as follows: from ground
by way of armature 248 and resting contact, con-
ductor 262, armature 320 and resting contact, 40
conductor ZBI armature 280, conductor 260, and
through the wmdmg of impulse repeating relay
303 to battery. At armature 324 and working
contact  relay 303 completes a holding circuit

for itself by way of resistance 329 and conduc- 45

tor 261; at armature 325 completes an obvious
circuit for energizing relay 301 and grounds con-
ductor 264: at armature 326 opens a point in the

gircuit to relays 306, 307 and 309, and at arma-

ture 327 shunts armature 238. At armature 316 50

‘relay 301 prepares a high resistance circuit for

line relay 2071, at armature 31T prepares a cir-

cuit for switch-through relay 213, and at arma-

ture 318 grounds conductor 27f to complete a
circuit for energizing slow to release relay 302 as 955
follows: from ground by way of armature 318,
conductor 2T{, through armatures 239 and 226
in multiple to conductor 212 and through the
winding of relay 302 to battery.

At armature 320 and resting contact rela,y 302 60
opens the original energizing circuit of relay 303
which is now held energized over its locking cir-
cuit from ground at armature 324. At armature
320 and working contact relay 302 grounds con-
ductor 263 and closes a multiple ground circuit 65
to relay 301 by way of armature 231 and work-

ing contact and conductor 264. At armature 32|

relay 302 grounds conductor 283 to prepare a
circuit for the disconnect relay 206, at armature
322 connects grounded conductor 275 to finder 70
lock conductor 153 and completes a circuit for
energizing the first finder group relay I, and

~at armature 323 grounds the connector lock con-
ductor 218 as well as lock canductor 219 by way

of a.rmature 241, . | (L
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The circuit for energizing the first finder group as follows* from-grounded start lead- GI arma-~

relay 111 extends from grounded conductor 133,

armature 223 and resting contact, armature 220
and resting contact, conductor 156, resistance
190, armature 187 and resting contact, through
the arm&tures and resting contacts of the finder -

group relays, not shown, to armature 27, rest-
ing contact of armature {27, armature H'l and
resting contact, through the winding of relay

{11 to battery. At armature (16, relay 111 com-~
pletes its vwn locking circuit :through the rest-

ing contacts of armatures such as armatures 125

and (88, on the finder group relays to grounded
conductor {53; at armature 118 prepares the.

circuit for relay [i0; at armature {{9 connects

the grounded start lead 6! to the group test

relay 203 by way of conductor 188 and armature
244; at armature fi7 and resting contact opens

its original energizing circuit and at its working

contact closes the circuit for the second finder
121

group relay {21. Relays such as relays EH
and 181 are slightly slow to operate on account
of their slugs and the resistance §86.

-~ upper armatures of relay 1!1 the test conduc-

25
30

39

40

- armature 128 relay 121 prepares the circuit for

5()

55
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tors of the 10 line group are connected to the
test armatures of the finder units relays.

In order to describe the operation of the finder
group relays it willi be assumed for the time
being that the calling line is not in the first or
the 10 line group. In this case, after an interval
relay (21 energized over the following circuit:
from grounded lock conductor 133, by way of
armatures 223 and 220 and their restmg COT-
tacts, conductor (86, resistance 88, armatures

and resting contacts of the finder group-rela,ys'

to.armature 117 and its working contact and
through the winding of relay 2§ to battery. In

a manner similar to that described for relay {f{{

relay 121 energizes and at armature 126 locks
itself to grounded conductor 153. Al armature

- 125 relay 121 opens the locking circuit of re-

lay (11 whereupon the latter relay deenergizes
after an interval, and at armature 127 opens a
point in its original energizing circuit and at the
working contact of armature {27 completes the

circuit for the succeeding finder group relay as-

sociated with. the 38-line group, not shown. At
relay 129, at armature {29 connects the start
lead 62 of the 28-line group to the group test
relay 203, and at its upper armatures connects
the test conductors of the 20-line group to the
finder units relay. Relay 111,

conductors of the 18-line group, at armature ({8
opens the preparsd circuit to relay 118 and at

armature {9 disconnects the start lead 61 from

the group test relay 2083. Finder group relays 131

to 114,

erate in the manner just described, each suc-

- ceeding relay opening the locking circuit to the

65

70

preceding relay to deenergize the same, connect-
ing the corresponding group start lead to the
group test relay 283, preparing a circuit to.its

associated line connecting relay, completing its
own locking circuit, and connecting the test con-
ductors of its assoclated group 1o the ﬁnder umts

relay.
When the ﬁndel oroup relay corresponding to

the group in which the calling line is located is

operated ground on the start lead completes the

circuit for enecrgizing the group test relay 203.
- For example, relay ##! at armature (19 com-
pletes the circuit for energizing group test relay
203 in case a line in the [8-line group is calling .

At the -

upon. deenergiz- -
~ing, at its upper armatures disconnects the test

inclusive, not shown, and relay {80 op-

ture 119, conductor (1589, armature 224 and

through__.the lower winding of group test relay
203 to battery. At armature 218 relay 263 com- - -

pletes a short circuit around its upper winding &§

to make this relay slow to release, at armature
219 opens a point in the circuit to relay 202, at

armature 220 disconnects grounded. conductor

153 from conductor {55 to open the circuit to the
succeeding finder group: relay before the same 10
can energize and close its locking circuit, and at

armature 228 and working contact connects the

grounded conductor 53 to conductor 155 for
energizing the first finder unit relay 181 as fol- |
lows: from.  grounded conductor {53, armature 15
223 and resting contact, armature 226 and work-
ing contact, conductor 135, armature 142 and
resting contact, armature {45 and resting con-
tact, through similar armatures on the: finder =
unit relays (not shown) to armature (48 and. 20' |

resting contact and through.the winding of re-
lay 181 to battery. At armature 141 relay 1G]

completes a locking circuit for itself by way of

armatures 143 and 148 and the corresponding
armatures on the other finder unit relays (not 25

shown) to grounded conductor 53. At arma-

ture 142 relay {8{ opens its original energizing

circuit and completes the circuit for relay 102
and at its upper armatures connects the link line |
conductors 158 and {58! to contacts on the finder 30
group relay and at armature 160 connects the.
test lead 152 to the test lead (9 of line Il to pre-.
pare a circuit for the line test relay 204.

The finder unit relays, due to the copper slug
on their upper ends, are falrly slow to operate, 35
and therefore the second finder unit relay only |
operates after a time sufficient to permit the
energization of the line test relay 204 in case a
calling line is connected with. In case line (1
1s not a calling line, then the relay (82 energizes 40
after an interval by way of grounded conductor -
159, armature 142 and working contact. At ar-
mature 143 relay 142 opens the locking circuit of
relay 101 which accordingly deenergizes after an
interval, at armature (44 completes a locking 45
circuit for itself from grounded conductor 153, at
armature (45 and working contact prepares the
circuit for the third finder unit relay (not shown)

~and at its upper armatures connects the line -
conductors 180 and (5f to the line finder group 50
- contacts and at armature 124 connects the test

conductor of line 2, since relay 1 associated
with the {0-line group is energ1zed to the test

“conductor §5¢.

Relay 101, upon deenergmmg, at 1ts upper ar- °3.

' matures d1sconnects the test and line conductors,

at armature {41 opens a point in its own locking
circuit, at armatures (42 and working contact
opens the origingl energizing circuit of relay (02,
and at the testing contact of armature 142 con-~ 69
nects the third finder unit relay (not shown) to
grounded conductor (88, by way of armature 145
and its working contact. Finder unit relays 103
to 106, inclusive (not shown), and -relay (0T
operate in the manner just described, each relay €5

~at its upper armature connecting the test con-

ductor of its corresponding line to line test relay .

- 204, opening the locking circuit of the preceding
~operated relay, closing its own locking circuit, |
and preparing the energizing circuit to the sue- 70 -

ceeding relay which is completed when the pre-
ceding relay deenergmes |

In this case, since line 7 is callmg, then When
the finder unit relay {07 energizes this relay at -
armature 174 completes the circuit for.energiz- 7o .
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~lays and in the

ing the line test relay 204 in sérieg with the cut-
off relay 2 as follows: from ground at armature
318, conductor 271, upper winding of line test
relay 204, conductor 152, armature {14, arma-

ture (14, armature §, armature |1 and through
the winding of cut-off relay 2 to battery. At

armature 221 relay 204, upon energizing, com-

pletes a circuit for energizing relay 312 and for

crounding conductor 259, at armature 222 short
circuits its upper winding to render the relay

slow to release and to connect direct ground to

the test conductor, at armature 223 disconnects
ocrounded conductor 153 from conductor 155 to

-¢open the circuit to the succeeding finder unit
relay before the same can fully energize, at arma-
ture 223 and working contact completes a lock-
ing circuit to its lower winding and a circuit for

energizing relay 110, and at armature 224 opens
the circuit to group test relay 203 to cause this

-relay to deenergize,

Cut-off relay 2, upon energizing, at armatures
8 and 18 opens the circuit of line relay 1, at
armature 9 completes a locking circuit fo-r'itself
to grounded test conductor 152, and at armature
(8 and its working contact completes the circuit
for energizing lock-out relay 3. Relay 110 is en-

ergized over the following circuit: from grounded

conductor 153 by way of armature 223 and work-
ing contact, armature 225, conductor 57, arma-
ture I8 and through the winding of relay 118 to
battery. At its upper armatures relay 110 con-
nects the line conductors of the lines in the {0-
line group to the contacts of the
case of armatures 112 and 113
connects the calling line, or line 17, to conductors

150 and 151 by way of armatures {712 and 113,

thereby completing a new energizing circuit for
line relay 207 and for connecting dial tone to
the calling subscriber’s line fo notify such sub-
scriber that he may now dial the called subscrib-
er’s number. Lock-out relay 3, upon energizing,

at armature 1 opens the original energizing cir-

circuit of cut-off relay 2, at armature 12 and
resting contact, disconnects ground from the start
conductor 6! to deenergize start relay 910 if no
other line is calling, and at armature (2 and its
working contact completes a locking circuit for
itself from grounded armature 1. Line relay |,
upon deenergizing, at armature 6 disconnects
direct ground from incoming test conductor (6
at its working contact and at its resting contact
connects ground by way of armature 318, con-
ductor 211, armature 222, conductor 152, arma-
tures {74 and 114, and armature 8 to the incom-
ing test conductor {6 o maintain this line busy
at the called end of the link. At armature 7 relay
1 opens the locking circuit of lock-out relay 3.
Group test relay 203, upon deenergizing when
its circuit is opened at armature 224, at armature
219 completes a circuit for energizing relay 282

through its upper winding by way of working
- contact of armature 223 and grounded conductor

153 At armature 247 relay 202 completes an ob-
vious circuit for the transfer relay 201. At
armature 214 relay 28! prepares a locking circuit
for itself, at armature 2i% opens the original
energizing circuit of line relay 20T now held en-
ergized over the calling subscriber’s loop, and
at the working contacts of armature 215 con-
nects the in start conductor 281 with the out
conductor 282 so that a succeeding call may seize
the next idle finder connector link. At armature

- 216 relay 2081 completes one point in the all

link busy chain by connecting conductor 280 to
conductor 283.

‘nects ground from the start in lead 28i1.

finder unit re-

- armature 50 [,

- from the in start lead 281’ at armature 511.

2.022,508

- Theé circuit for énergizing relay 312 may be
traced as follows: from grounded armature 249
and resting contact, conductor 262, armature 221,
conductor 259, armature 330 and resting contact
and through the winding of relay 312 to battery.
At armature 362 relay 312 prepares a locking
circuit for itself, at armature 363 prepares a
circuit through the lower winding of relay 311,

which relay does not energize at this time because

the lower winding is short circuited by way of
armature 363, armature 320 and resting contact,

and the normally closed springs closed by arma-
ture 337. At armatures 364 to 381, inclusive, re-

lay 312 prepares the pulsing olrcult to the con-

nector group relay.
Relay 510 deenergizes in case no other line is

10

5

calling at this time, and at armature 541 discon-

At
armature 913 relay 510 opens the shunt circuit

of relay 530 which relay now energizes in series

with relay 320 by way of armature 521. Relay
930, upon energizing, at armatures 531 iransfers
the start circuit from the beginning of the chain

to the middle of the chain; at armature 532 pre-.

pares a short circuit for relay 529 and a circuit
for relay 530, at armature 533 cpens a point in

the low res;stance shunt of relay 530, and at

armature 934 disconnects the time switch from
relay 968 before the time switch has had suffi-
cient time to energize relay 580.

At this point it may be advisable to consider
the operation cf the allotter relays in response

- to a second call when relay 530 is energized. In

this case start relay 518 is energized over the
common start lead as bhefore, and at armature
511 completes the start circuit and grounds the
in start lead 28{’ as follows: ground by way of

armature 511, resistance 515, ar-
mature 531 and working oontact to in start lead

2817, extending to the finder connector link near

the middle of the chain. At armature 514 relay
910 connects grounded armature 543 by way of
armature 932 to the winding of relays 520 and
030 with the result that relay 520 is short circuit-
ed and deenergizes, while relay 530 is maintained
energized over this circuit. Relay 520, upon de-
energizing, at armature 522 connects spririgs 503
of the time switch TS to the winding of relay 560.
Relay 510 is deenergized and ground is removed
At
armature 514 relay 510 opens the circuit of relay
530 which accordingly deenergizes.
831 relay 539 transfers the start circuit back to
the beginning of the chain and at armature 543

disconnects the time smtoh TS from the wmdmg

of relay 569.
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At armature
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A circuit for maintaining lihe relay 207 ener-

gized over the calling subscriber’s loop may be
traced as follows: from ground by way of arma-
ture 236, resting contact and armature 247, con-
ductor 151, armatures (13 and {13, positive
line conductor 15 through the substation loop
to negative line conductor (4, armatures 112 and
172, conductor (%0, armature 246 and resting
oontaot upper left-hand winding of repeating
coil RC, normally closed springs controlled by
armature 233, and through the winding of line
relay 207 to battery. Dial tone is also connected

circuit: from dial tone in Fig. 3, resting contact
and armature 328, tone condenser T'C, conductor
254, resting contact and armature 246, thence

over the calling loop circuit just traced. The

calling subscriber, after listening to the dial tone,

- dials the group and line digits followed by the
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 code selecting digit. Line relay 207 deenergizes
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“leaky” calling line.

group relay 4!1.
lease  characteristics,

2,022,508

in response fto each impulse. In response to

the first pulse relay 2087 at armature 230 opens

the circuit of impulse repeating reiay 303 which
accordingly deenergizes.
its resting contact relay 207 closes a high re-

sistance priming circuit for itself which may be

traced as follows: from grounded conductor 262,
armature 32% and working contact, conductor
263, armature 231 and resting contact, conductor
257, armature 318, resistance 319, conductor 254,

‘upper left-hand winding of repeating coil RC,
normally closed switch springs controlled by

armature 233, and through the winding of line
relay 207 to battery. This priming circuit while

insufficient to energize line relay 297 due to re~.

sistance 3{9 greatly assists the energization of
line relay 2971 when the same is connected to &
At armature 23! and its
make contact one of the multiple ground connec-

tions to relay 28! is opened but this relay due to its.

slow releasing characteristics remains energlzmg

during the impulsing period.

Impulse repeating relay 303, 'upen-deenerglz-
ing, at armature 324 cpens a point in its own
holding circuit, at armature 32% opens a further

circuit to slow to release relay 301, and at arma-

ture 328 completes a circuit for energizing relays
306, 307 and 388. The circuit for energizing re-

lay 368 and relay 387 extends from grounded con-

ductor 282, armature 320 and working contact,

normally closed spring .controlied by armature
326, armature 333 and resting contact, and

through the upper winding of relay 306 and the

winding of 3087 to bhattery. A branch of this cir-

cuit extends by way of armature 348 and resting
eenta,c‘., through the upper Wlndlng of relay 399
for energizing the latter relay. At armature 336

relay 306 short circuits the upper left-hand wind-
ing of repeating coil RC in order to improve the
Jmpuising circuit,
holding circuit for relay 3{2 by way of grounded
conductor 289 and armatures 3%7 and 362, at
armature 3238 prepares an energizing circuit for.
relay 384 and the holding circuit extending to
“the lower windings of relays 368 and 309, at arma-
ture 339 prepares a point in the circuit for the
“busy relay 385, and at armature 343 disconnects

ot armature 237 completes a

srounded conductor 2’9 from conductors 269

and 394.
Slow .to release relay 381 upen energmmg, at

armature 342 prepares a holding circuit for relay
388, at armature 343 completes a. locking circuit
“from erounded armature 376 through the lower

winding of relay 308, and at armature 345 pre-
first connector

pares a point in the mreu:tt for the
Relay 307, due to its slow re-

Impulse repeating relay 309, upon energizing,

at armature 342 prepares a point in the energiz-
ing circuit of relay 888 and in the holding circuit
of relay 289, at armature 359 prepares a new en-
‘ergizing circuit for impulse repeating.relay 303

and the circuit through the lower. Wmdlng of re-~

lays-308 and 309, at ermeture 351 prepares a hold-
ing cireuit for bhe lower windings of relays 308

and 388, at armature 352 dlscennects ground at

‘armature 378 from the even pulse conductor 386

and connects ground to the odd pulse conductor

38L&, and at armature 353 completes.-a circuit. for

energizing -connector group relay &1 as follows:

from grounded lock conductor 218; through arma-
~tures 442;-£52 and 4865 of the connector group. re-

At armature 231 and ductor 391,

tion.

| is ‘maintained energized
during the impulsing . period and therefore de-
energizes shorfly after each series of impulses;-

=

lays to cenductor 389 working contact and arma,-
ture 366, resting contact and armature 360, arma-

~ tures 345 and 353, arinature 361 and resting con-
tact, armature 367 and working contact, con-
-and through the winding of relay -
411 to battery. Relay 411 at its upper armatures

connects the test conductors of the lines in the
{0-group to the connector unit relays; at arma-
ture 499 completes a locking circuit for itself to

grounded lock conductor 278 by way of armatures

10

485 452 and 442; and at armeture 492 prepares |

the circuit for relay 410. S
At the termination of the first 1mpu_lse line re-

to complete a circuit at armature 230 for energiz-

ing impulse repeating relay 303 and a circuit
through the lower winding of relays 309 and 308.

At armature 231 relay 207 opens its priming cir-

cuit and recleses the circuit for slow to release

relay 301 to maintain the same in energized posi-

350 on the energized repeating relay 399, resting
contact and armature 341, conductor 26!, arm-

ature 230, conductor 269, and through the wind- ¢

lay 207 again energizes over the subscriber’s loop

15

20

The circuit for energizing relay 3903 may
~ be traced as follows: from ground at armature

ing of relay 383 to battery. A branch of this cir-

cuit extends by way .of conductor 260, armatures

342, 346 and 349, through the lower windings of
relays 308 and 309 and by way of armature 35l

to relay .304.
- completes its holding circuit, at armature 325

At armature 324 relay 393 again

again .closes -2 multiple circuit for relay 301, and

at the normally closed spring controlled by arma-

ture 326 opens the original energizing circuit of
relays 306, 307 and 309, while at armature 326 :

and its working contact completes a circuit from
grounded conductor 263 by way of armatures 238

for-energizing relay 304 and for completing a cir-.
cuit by way of armature 351 through the lower
windings ‘- of relays 308 and 309.
“maintained energized over this circuit while relay
-308 is energized.
a point in one of its energizing circuits, at arma-
ture 347 opens the original energizing circuit,
of relay 303 which is now maintained energized 4
over its own locking circuit, at armature 348 and
resting contact opens the original energizing cir-

Relay 309 1is

At armature 345 relay 308 opens

Cid
G

40

cuit of relay 309 and at its working contact pre- -

pares a locking mrcult for itself. Relays 308 and

309 at this time are maintained energized from

ground by -way-of conductor 263, working contact

and-armature 326, armature 338, armature 35{ and
through the lower: Wmdmgs of relays 308 and 389
to battery. Relay 304, upon energizing, at arma-

ture 328 -disconnects dial tone and prepares

circuit for connecting ring back tone to the call-
ing subscrlber at armature 338 and its resting
contact opens the original energizing circuit of

relay 312 and its working contact closes a.lock-
ing circuit for itself from grounded conductor 259 .
as well as opening its original energizing circuit.
At this time relay 312 is maintained energized
over the following circuit; from grounded con-
ductor 259, working contact and armature 337,
armature 357 and resting contact, armature 362

and the winding of relay 312 to battery.
.In -response to the second pulse of the first

‘series, ‘line relay 207 again deenergizes and at
armature 230 opens the circuit to the 1mpulse re-
peating .relay 303, while at armature 231 the_,
‘multiple circuit-to slow to release relay 301 is.

opened and the priming circult for the line relay
is again closed.. Relay 393, upon deenergizing, at

erma,ture 324 again opene its own-holding circuit,

17 armature 32 5 again. opens the clrcult to slow

a 55 .
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to release relay 301, at armature 2326 recloses the
circuit to slow to release relay 307 before such

relay deenergizes, at armature 326 opens the

holding circuit extending through the lower
windings of relays 308 and 309, and at the nor-
mally closed springs controlled by armature 326
‘completes a locking circuit through the upper

winding of relay 308 by way of armatures 333 and
348. Relay 309, upon deenergizing, at armature

358 prepares a circuit for reenergizing relay 303,

at armature 351 opens a further point in the
holding circuit through the lower windings of re-

lays 308 and 309, at armature 352 connects

ground at armature 37% to the even conductor

386 to complete an energizing circuit for the next

connector group relay, in this case relay 421, and
at armature 353 opens the original energizing cir-
cuit of relay 4il.
lay 421 may be traced as follows: from grounded

armature 316 and resting contact, armature 343,

armature 352 and resting contact, armature 3939

and resting contact, armature 365 and working

contact, ennductor 386, armature 49f, and
through the winding of relay 421 to battery. Ike-
lay 421, upon energizing, at its upper armatures

- connects the test conductors of the lines in the

20-group to the connector unit relays, at arma-
ture 465 opens the locking circuit of relay 411
which accordingly deenergizes, at armature 466
completes a locking circuit for itself from

egrounded lock conductor 218 by way of arma-
tures, such as armatures 442 and 452, at armature
4571 prepares a circuit for relay 423, at armature

468 connects the succeeding connector group re-
lay 431 (not shown) to the odd pulse conductor
384, and at armature 469 prepares a point in the

circuit for code switching relay 6098. Relay 411,
upon deenergizing, at its upper armatures opens

the circuit to the test conductors of the line in
the {B8-group, at armature 490 opens its own lock-
ing circuit, at armature 491 opens the circuit to
relay 421 now locked energized, and at armature
492 opens the prepared circuit to relay 410.

Litie relay 207 reenergizes over the calling sub-
scriber’s loop at the end of the second pulse, and

lay 303 by way of resting contact of armature 399

‘and working c¢ontact of armature 347, while at
‘armature 231 the circuit to slow release relay 361

is again reclosed. Relay 383, upon energizing, at
armatute 324 again closes its locking circuilt, at
armature 325 again closes the circuit for relay 301,

The circuit for energizing re-

2,022,503

- As is well knowni the line relay, such as relay
207, may be sluggish in its deenergization due to
the leaky or heavily loaded c¢éndition of the line
connected with. In order to instire correct puls-
ing a so-called lock-pulse arrangément is pro-
vided. In this arrangement the drmatures or
springs operated by line relay 2381 have & strong
adjustment or tension and the springs or arma-
tures operated by pulse repeating relay 303 also

“have a very stiff adjustment so that this relay

will very quickly fall back when its circuit 1s mo-

1k

mentarily opened by line relay 207 at armature

23 When relay 303 is deenergized such relay

eannot again energize until the repeating relays

208 or 303 have operated or released to close the

circuit for relay 393, even though the line relay

sy

is immediately reoperated. Relays 308 and 309

need not necessarily be fast operating relays in
order to repeat the impulses received. In a_ddi-
tion @ primary circuit or artificial leak 1s pro-

vided through resting contacts on the line relay:
207 for facilitating its reoperation over long, clear

iines. 'This impulsing circuit in combination with
the odd and even pulsing circulls has proven to

he q very satisfactory circuit arrangement on lines 23
of varying electrical characteristics which here-

tofore have prevented automatic working.
In response to the third pulse relays 207 and
253 deenergize and relay 303 causes the energiza-

tion of relay 308 as previously described for the 5o
When relay 389 grounds the odd con-~

first pulse.
ductor 384 the third connector group relay £3H
(not shown) is energized over thie odd pulse con-
ductor 384 at armature 468. In the same manner
as described for relay 42¢, relay 431 (not shown)

closes its upper armatures to connect the test

1eads of the 30-line group; opens the locking cir-
cuit of relay 421 which deenergizes; closes 1is OWQ
iccking circuit; prepares the circuit through 1ts
associated line connecting relay (not shown) sim-

27
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{lar to relay 420; and connects the connector

group test relay of the 48-line group (not snown)
to the even conductor 386. At the end of the
third pulse relays 207, 303 and 308 energize as

previously described for the end of the first pulse.

In response to the fourth impulse relays 2987,
203 and 309 deenergize as described for the sec-
ond impulse. When relay 339 grounds the even

~ conductor 388 the connector group test relay (not

and at armaturé 326 opens the holding circult

through the upper winding of relay 308 which ac-
cordingly deenergizes.

Relay 308, upon deener- .

gizing, at armature 346 prepares a point in the
original energizing circuit of relay 308, at arma-

ture 347 opens the energizing circuit of relay 303
which is now held energized over its locking cir-
cuit, and at armature 348 opens a point in 1its
own locking circuit and prepares a circuit for re-
lay 309. From the foregoing it will be seen that

‘relay 303 follows the pulses of line 207; that re-

lays 308 and 309 are energized on the first pulse,
and for each odd pulse; that relays 308 and 308
are deenergized on the second pulse or on each
even pulse; that relay 339 grounds the odd pulse
conductor 384 on energization and grounds the
even pulse conductor 386 on deenergization to suc-
cessively operate the connector group relay such.

as relays 411, 421, etc. The circuit for reoperat-

ing impulse repeating relay 303 is taken through

armatures 347 and 3590 so that the circuit to re-

lay 303 cannot be closed until relays 308 and 308
have operated or released.

shown) for the 40-line group is energized in a !
‘manner similar to that previously described.

This connector group relay closes the test leads ol
the 46-line group; opens the locking circuit of
the connector group relay of the 30-line group

which deenergizes; closes its own locking circuit; -

prepares a circuit through ils own associated line
connecting relay (not shown), and connects the
connector group test relay of the fifth line group
(not shown) to the odd conductor 3384.

In the same manner as just described each odd

pulse grounds the cdd cenductor 384 to energlzc
the corresponding connector group relay, and each
even pulse grounds the even conductor 38% to en-
ergize the corresponding connector group test
relay.
261 and the associated connector group line con-

necting relays 438 to 480 are not shown because

“their circuit operations are identical with tne con-
" nector group relays shown. In response to the

seventh puise odd conductor 384 is grounded by
relay 309 to energize the connector group test re-

~lay 471 of the 10-line group by way of armature
- 456 on the connector group test relay of the 60-
line group. Relay 470 at its upper armatures

‘connects the test leads of the lines in the 10-group

The connector group test relays 434 and ¢

e &
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" ~to" the’ connector unit: relays,: at:armature::452
-.opens the locking circuit of thelast-operated con-

-1

10

-nectorzgroup test relay, at armature. 453 closes
its own locking circuit; at armature: 454 connects
the connector group test relay:481 of the 80-line
_group to even conductor 386, at armature 859 pre-
pares the circuit to line connecting relay 4710-of
~the'10-line group and at armature 436 :prepares
.o circuit for the ring reversing relay 314,

Relays 207 and 383 remain energized after the

1ast impulse -of the series and-after an interval
slow to release relay 307 deenergizes. At arma-
 ture 343 relay 307 opens a point.in. the pulsing

 circuit as well as the helding circuit of relay 3066

80

L
Nyl
1
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‘which accordingly deenergizes, and- at armature
345 opens a point in the original energizing eir- |
~cuit of relay 41{.
-at armature 335 removes the short circuit from
“the repeating ccil RC, at.-armature 337 .opens
the locking circuit of relay 312 and substitutes
the circuit through the lower winding of relay

Relay 306, upon deenergizing,

3{ 1 in series with the winding of relay 312, where-

by relay 212 is maintained energized and relay
311 is energized over the circuit from grounded
conductor- 259 in series with the winding of re~

lay 312. At armature 338 relay 386 opens the cir-

cuit to relays 388 and 2098 to deenergize the same
if they should be energized at this time, at arma-

ture 339 opens a point in the circuit to the busy

‘relay 305, and at armature 340 reconnects ground-
" ed conductor 259 to conductors 289 and 394. Re-
" 1ay 31, upon energizing, in series with relay 312,

at armature 257 prepares a locking circuit for

itself, at armatures 388 and 399 prepares the
pulsing circuit over the odd: and even conductor
282 and 385 to the connector unit relays and-at
armatures 360 and-361 prepares a- circuit for

connecting the grounded lock conductor 278 to

conductor 398. | | e
“The calling subscriber may now dial the sec-
ond digit of the desired célled subscriber’s num-.
“per. 'In the same manner as previously-described,
“the line relay 201 and repeating relay 3083 deen-
ergize for each impulse and in- response to- the
5 - first imbulse completes the circuit for energiz-

ing relays 306, 307 and 309. 'Relay 386, upon

energizing, at armature 337 opens the holding

circuit of relay 232 to cause’ this relay to deen-

ergize and likewise CDmplt—:_-_tes a locking: circuit
“through the upper winding cf relay 311 for main~.

taining this relay in- energized position. " In-re-

 gponse to the energization of relays-307 and 363

w1
Y |

Relay 481 energizes over the following circuit:

from grounded lock conductor ‘2718, armatures

‘412 415, 432, and similar armatures on the con-
nector unit relays (not shown), conductor 381,
working contact and armature -360, armatures
~345 and 353, armature:364 and -working contact,

conductor 398, and through the-winding of relay

291 to battery. At armatures’492 and’493 relay
3 401 connects the talking conductors 252 and 239

" of the link to the connector group relays, at ar-

" mature 494 connects the test conductor 382 to the

test conductor 34 of line Ti; at armature 435 com-

pletes a locking circuit for itself from grounded
lock conductor 278 through the armatures of the
‘unoperated connector unit relays, -at “armature
436 prepares a circuit to the succeeding even
connector unit relay 492, at armature ‘431 pre-
pares a point in the circuit for the trunk switch
“through relay 243, and at armature 438 grounds

Relay 312, upon ‘de-

.
- L
FE
- a
.
=4
aum-

sconductor392. “Line relay 207 energizes -at- the
- end: of:- each.pulse:and agaln completes the cir-
cuiti for -energizing repeating relay 303 in case
‘relays-308-or-309 have operated or released, as )
~previously described. | "

o

" In order to'describe the operation of the con-

nector unit relays it will be assumed that the
_second digit being .dialled is more than-the digit
1. "Relays 207, 303 and 389 deenergize in the -
same .manner -as - previously - described for -the 10

second. pulse. At armature 353 relay 309 -opens

“the cireuit to connector unit relay-481, now held
over its locking circuit, and at armature -332
“disconnects ground from the odd pulse con-
ductor 383 and connects ground to - the even:is
pitlse conductor-385 to energize the second con-
-nector unit relay 482, “This circuit may be traced
“as follows: ground by way of armature 476 and
resting contact, armature 343, armature 352 and
resting contact, armature 359 and working con- =9
tact, even pulse conductor 385, armature 436
and through the winding of relay 402 to battery.
- Atits two uppermost armatures -relay 402 con-
‘nects the link line conductors 2562 and:28d to the

contacts of the connector group relays, ‘at the i3

“third uppermost contact connects the link test
conductor -382 to the test conductor of line: 72
by way of the operated contacts on connector .
-group relay-411. At armature 433 relay 492 com- a |
pletes a locking circuit: for itself from erounded- 30

locking conductor 2718 by way of armatures 412
and - 4168 and similar armatures on other con- -

" nector units relays (not shown);. at armature
432 opens the locking circuit of relay 401 which
now deenergizes .and -at armature 434 connects-:3
the third connector relay 463 (not shown) to the

odd.pulse conductor 383. At the'end of the sec-

ond pulse relays 207-and 303 reenerg ize:and relay
208 deenergizes,-as previously described. .

- In response to the third pulse relays 207 and'4o

1303.deenergize and relay 389 reenergizes to ground
“the odd pulse conductor ‘383, as previously ‘de~
_seribed. ‘The third connector unit relay: 463 (not
shown) is: energized to connect. up the test con-

ductor of line 13; to unlock the second connectorids

relay 492-which accordingly ‘deenergizes; to lock
itself to lock conductor 218 - and to connect the
- fourth connector unit relay (not.shown) to'the

even: pulse conductor 385. - Relays 287,: 303 and

:308..energize .at the end.cf the third pulse,.:'.'as_f-eSU
.previously described. ' | B

In response {0 the fourth pulse relays 207,303 .

“a circuit is completed for energizing the first - ~and- 308 ‘deenergize, as previously described. At
~ connector unit relay 401. Rel
> energizing, at armatures 364 to'387T prepares the

pulsing circuit for the code selecting relay CSR.

sagrmature” 352 relay 3089 grounds’ the even pulse

conductor 385 to energize the fourth connector 35

unit relay. “The fourth connector unit relay con-
‘nects- up the test conductor of line - 14; unlocks
‘the third connector unit relay. which deenergizes;

1ocks ‘itself to lock:conductor 218: . and connects

“the “fifth connector unit relay (shown dotted) 09
~awith the odd conductor 383. In the same man- )
-ner -as just described the remaining connector
“unit relays-are energized and deenergized In re-
..gponse to-succeeding pulses to connect the test
“eonductors of -the-succeeding lines in‘ the group 6o
“to- the -link test conductor 382. Since, in this
~ case subscriber S4 on line T is being called, the
-gecond ‘digit’ therefore comprises only one pulse
‘gnd therefore the’ first connector unit relay 481
-is energized to connect the test conductor 34 of ¢V
-line TI to'the link test conductor. S
.After the last impulse of the second digit relays
+9207-and 303 remain energized and relay 307 falls
“back afteran interval. At armature 343 relay'307
~opens-the locking circuit of relay 306 which there- 75
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- the circuit for relay 619.
- 309 grounds the cdd pulse conductor 3988 in re-
sponse 10 the first pulse and at armature 353 com-

20

8

upon deenergizes. Relay 306, upon deenergizing,
at armature 337 opens the locking circuit of re-
lay 311 which likewise deenergizes: at armature
238 opens the circuit extending through the lower
windings of relays 308 and 309 {o deenergize the

- same if they are energized; and at armature 340
- grounds conductors 269 and 394.

| Relay 311,
upon deenergizing, at armature 357 opens a point
In 1ts own locking circuit, and at armatures 358,

329, 360 and 341 prepares the impulsing circuit to

the code selecting relays CSR shown in Fig. 6.
The calling subscriber now dials the third or
code selecting digit of the desired called subscrib-
er’s line. Line relay 201 follows the Impulses
transmitted by the calling subseriber again caus-
ing relay 302 to deenergize for each pulse.
306, 307 and 309 energize in the same manner
as previocusly descrived. At armature 339 relay
306 prepares the circuit for busy relay 395. At
armature 343 relay 38T completes the locking cir-
cuit for relay 388, and at armature 345 prepares

pletes an energizing circuit for relay 669. This

circuit may be traced as follows: from. grounded

armature 323, conductor 2718, armature 241, con-

- ductor 279, armatures 652, 642, 632 and 622, con-
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ductor 399, resting contact and armatures 367 and
361, armatures 353 and 345, armatures 389 and
368 and their resting contacts, conductor 296, and

through the winding of relay 610 to battery.

The first code selecting relay 819 energizes over

“the above traced circuit, and at armature 61t
closes the circuit for energizing the busy test re-

lay 300 in its first step in series with test relay 315
In case the called line is busy. At armature 613
relay 610 completes a locking circuit for itself

through the armatures 622, 632, 642 and 652 to

the grounded lock conductor 218, at armature 6{4

connects the second code selecting relay 620 to the

even pulse conductor 397, and at armatures 615
and 616 prepares points in the code ringing cir-
cuit. - At the end of the first pulse relays 201, 303
and 398 energize as before.,

In response to the second pulse relays 207, 303
and 308 deenergize, as previously described. At
armature 353 relay 309 opens the original ener-

gizing circuit of relay 610, which is now held en-
ergized over its locking circuit and at armature

352 grounds the even pulse conductor 397 to en-
ergize relay 628. This circuit may be traced as
follows: from ground by way of armature 376 and
resting contact, armature 343, armature 352 and
resting contact, armatures 359 and 365 and their

resting contacts, conductor 397, armature 614, and

through the winding of relay 620 to battery. At
armature 621 relay 620 connects the test relay 315
in series with the busy relay 305 to test the idle
or busy condition of the called line, at armature
622 opens the locking circuit of relay 610 which

-how deenergizes, at armature 623 closes its own

locking circuit to grounded lock conductor 279,
at armature 624 connects the third code selectmg
relay 630 to the odd pulse conductor 398, and at
armatures 6295 and 626 prepares pomts in the code
ringing circuit.

Code selecting relays 630, 640 and 650 energize

in response to the third, fourth and fifth pulses
as a result of relay 309 alternately grounding the
odd and even pulse conductors 398 and 397. Each

- subsequently operated code selecting relay opens

the locking circuit to the previously operated code
selecting relay to cause its deenergization. In re-
sponse to the sixth pulse relay 660 energizes over

Relay.

At armature 352 relay

2,022,503

the even pulse conductor 287. At a,rma,tur,é 661
relay 660 again completes the busy test circuit, at

- armature 6€3 locks itself to grounded lock conduc-

tor 219, at armature 664 opens its original ener-
gizing circuit after completion of its locking cir-
cuit, at armature 665 switches from one set of

Ty

- code ringing confacts to the other set, and at

armature 666 completes the circuit for energizing
the ring reversing relay 314. This circuit may be
traced as follows: from ground by way of arma- jp

- tures 456 and 438, conductor 392, armature 666,

conductor 318, and through the winding of relay

214 to battery. At armatures 3Tf and 372 relay
3td reverses the ringing connection so that gen-

erator will now be connected with the positive line 1;
conductor instead of the negative line conductor.
In response to the seventh pulse relay 309 at
armature 353 completes an energizing circuit for
relay 619 as follows: from grounded lock conduc-
tor 219; armature 663, armature 664, and working 29
contact, armatures €42, 632 and 522, conductor
399, resting contacts of armatures 367 and 36,
armatures 353—34%5, armatures 388 and 366 and
their resting confacts, conductor 356 and through

‘the winding of relay 6i8 to battery. Relay 610 25
.operates its armature for the purpose previously

stated and in addition at armature 6{2 opens the
locking circuit of code selecting relay 659 to cause
its deenergization. In response to the eighth,
ninth, and tenth pulse code selecting relays 620, 30
630 and 6480, respectively, energize and leck, and
deenergize the previously energized code selecting
relay in the same manner as previously described.
From the foregoing it will be seen that the code
selecting relays 610, 620, 630, 6492 and 650 are 35
energized in response to the first five impulses in
the code selecting digit, that relays 659 and 668

~are energized for the sixth pulse, that relays 610

and 669, relays 620 and 668, rclays 630 and 660,
and relays 640 and 668 are energized for the sev- 40

-enth, eighth, ninth and tenth pulses.

In case the called line is busy a circuit is com-

- pleted for energizing the busy test relay 30% in

its first step in series with the marginal test re-
lay 319 as follows: from ground on the test con- 45

- ductor 34 of the called line, armatures 474 and

494, conductor 382, through the upper winding
of marginal test relay 315, conductor 381,
through the operated one of the mulitiple conta,cts
611 to 661, inclusive, conductor 394, resistance 59

341, armature 339 and through the winding of

busy test: rela,y 305 to battery. Busy test relay
305, due to resistance 341 closes only its “X” con-
tact at armature 334 to prepare a circuit for fully
energizing itself when relay 386 later on deener-
gizes. After the last pulse of the code selecting
digit relays 287 and 303 again energize, and re-

o |
Gt

- lays 306, 307, 308 and 309 deenergize, as previous-

ly described. Relay 306, upon deenergizing, at
armature 339 completes the circuit for fully en- gp
ergizing the busy test relay 385 as follows: from
grounded conductor 259, armature 224 and work-
ing contact, normally closed springs controlled by
armature 339 and through the wmdmg of busy
relay 305 to battery. | 65
Assuming, however, that the called line is idle,
then busy relay 385 is not energized because no
ground is connected to the test conductor 34 of
the called line. Now, when relay 3086 deenergizes
after the code selecting digit a circuit is com- 70
pleted for-energizing the test relay 215 in se ries

- with the cut-off relay 22 of the called line as fol-
lows:

334 and resting contact, on the unoperated busy

from grounded conductor 2859, armature

relay 3035, arma,ture 340, conductor 394, through 75
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the operated one of the armature 611 to 661, in~ it is: assumed that the code selecting digit dialled
clusive, conductor 381, through the upper wind-
~ing of test relay 319, conductor 382. armatures:

484 and 474, conductor 34, armature 25 and rest-
jng contact, and through the winding of cut-off
relay 22 to battery. At armature 377 relay 319
completes its own locking circuit before operating
its remaining armatures as follows: firom ground-

at the normally closed springs controlled by

armature 228, conductor 275, armature 322, con-

ductor 183, armature 377 and through the lower

winding -of test relay 315 to battery. At arma-
ture 3712 relay 315 prepares a cireuit for connecting

sround to the negative link conductor 232 since
ring reversing relay 314 is energized, at armature

374 prepares the circuit for connecting generator
to the positive link conductor 255, at armature

315 connects direct ground to conductor &GZ2 to
maintain the called line busy; at armature 316
orounds conductor 268 to energize the prepared
connector group relay, in this case relay 410, and
at armature 818 prepares the circuit for energlz- |

ing the pick-up relay 610.
The circuit for energizing connector group re-

5 lay 478 may be traced as follows: from grounded

armature 318, and working contact, conductor
288, armature 48% on the operated connector
group relay 474, and through the winding of relay

470 to battery. At armatures 472 and 4713 relay

470 connects the line conductors 32 and 33:of the

ecalled line to the link conductors 252 and 2%5.

When cut-off relay 22 energizes in series with
relay 815 that relay at armatures 27 and 29 dis-
connects the line relay 21 from the line conductor

22 and ground, at armature 28 connects the

erounded test conductor 34 to the finder test con-~

ductor 35 to mark this line as busy in the finder

end of the link circuit, and at armature 29 com-~

pletes an obvious circuit for energizing the lock-
out relay 23. Relay 23, at armature 31 opens a
point in the start circuit to start conductor 67.

At the beginning of each code ringing cycle

senerated by the ringing machine (not shown) -

the ringing machine grounds the pick-up lead and 212 energize in.case the called line is a me-

and completes the circuit for energizing relay

878 as follows: from grounded pick-up lead ex~

tending from the ringing machine, normally

closed springs controlled by armature 612, con-
ductor $88, armature 378, conductor 2716, arma~ -
ture 248, conductor 217, and through the wind-
ing of pick-up relay €18 to battery. At arma-.
ture 871 relay 618 prepares a circuit for ringing.
relay 213, at armature 872 opens its original en-
ergizing circuit and completes its locking circuit.
to lock conductor 279, and at armatures 673 and
T4 prepares further points in the cireuit to rmg---

ing relay 343.

The ringing machine is arranged to ground the |
code ring conductors at certain predetermined
times during its cycles of operations, as indicated:
at the lower left-hand corner of Fig. 6. For ex-
A-—A4 indicates that this conductor is-

grounded at predetermined periods in each cycle

to operate the ringing relay 313 to generate four
short rings, then a pause, iollowed by four more:
Tn this case, assuming that the code:
ring conductor 2—2 has been selected, then ring-

ing relay 243 is energized over the following cir-
from ground at the ringing machine over
the conductor marked 2—2, resting. contact and:

armabures 6@5 and 5§73, working
* the calling line is such as to require reverse bat- |

The circult for energizing relay

cuis:

armature 891,

contact and aimature 665, conductor 88, arma-
ture 871, conducuor 389, and through the winding
{3 to battery.. The code ring.

conductor 2—=2 was selected because in this case:

of ringing relay &

ergizing condenser discharging relay 318.

winding of repeating coil RC over a
“and 327 in multiple, through the winding of relay

211 to battery.” In case the called line is a

- Relay 211,
and resting contact opens a point in the cireuit
to disconnect relay 206 and at its working contact

At

tery supervision.

was the digit 0, in which case code selecting re-

lays 640 and 660 have been operated and locked
Each time ringing relay
2§38 is energized from the ringing machine said

in: operated position.

relay at armature 368. connects ground by way
of armatures 371 and 313 to the negative link con-
ductor. 252 since relay 3i4:is energized; at arma-
ture 369 connects generator to the positive link
conductor 255 by way of arinatures 37¢ and 374
to code ring the called subscriber, and &t arma-
ture 370 completes an obvious circuit for en-
Relay
318 follows the impulses transmitted by ringing
ralay 243, but due to its slow release characteris-

tics this relay lags behind ringing relay 363 and-

at armature 354 connects battery through resist-
ance 355 to the negative link conductor 392 mo-
mentarily after each application of generator in

9

10

15

order to discharge the condensers associated with o

the ringers on the called line. At armature 858
relay 310 completes a circuit for transmitiing ring
back tone to the calling subscriber as follows:
from . generator through working contact and
armature 356, working contact and armature 328,
the tone condenser TC to conductor 284 and
thence over the calling subscriber’s loop, &S pre-

viously described.
Ringing current to the called subscmber may

- now be traced as follows: from generator, work-
ing contact and armature 372, working contact

and. armature 369, armature 31&,_'pt::sitive link
conductor 2565, armatures 493 and £13, conductor

33, through the ringers connected to the p031t1ve-

line conductor of this line to sround. In case the
ringers of this line should be brldged instead of

grounded, then the ground return circuit extends

back by way of negative line conductor 32, arma-
tures 472 and 492, conductor 252 armatures 373,

368; and-311 to ground

When subscriber S4 answers. his code ring dur-

ing the silent.period or when ringing relay 33
is in deenergized position back bridge relays 21{1

tallic line, or in case the called line is a grounded
line then relay 21f alone is energized. The cir-

cuit for energizing back bridge relays 2{f and 212

in case of a metallic line may be traced as follows:

from ground through. the winding of relay 212,

lower right-hand winding of repeating coll RC,
conductor 256, resting contact and armature 399,
armature 314, over the circuit to the called sub-
scriber’s -loop previously traced for ringing cur-
rent, back to conductor 292, armatures 313 and
368; conductor 253, through the upper right-hand

erounded line relay 242 is short circuited over the
following path: from the grounded positive line

conductor of the-called line over armatures 473

and 493, conductor 255, armatures 374- and 383,
conductor 258, through right-hand winding. of

repeating coil RC, and through the Wmdmg of

relay 212 to ground..
upon. energlzmg, at armature 282

completes a circuit for energizing relay 214.
armature 243 relay 21f completes a circuit for
energizing the battery reversing relay 289 in case

218 may be: traced as follows: from ground at
armature 321, conductor 283, armature 242 and

armatures 438

25'

30
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- working contact, normally closed springs con-

loop
through the winding of line relay 207 to battery.

trolled by armature 2317, and through the winding

of relay 210 to battery. At armature 237 relay 210

completes its own locking circuit to grounded con-

~ductor 299 and opens its original energizing cir-

cuit, at armature 238 completes the talking cir-

cuit, at armature 236 removes the short circuit

from around relay 208 to permit its energization
in case the calling line is a metallic line, at
armature 239 opens one of the multiple circuits
to relay 302, at armature 240 opens the circuit to
pick-up relay 610 which accordingly de-energizes

and at armature 241 disconnects ground from

lock conductor 2719 to cause the deenergization of
the operated code selecting relays. Relay 208
now operates in series with the calling sub-

scriber’s loop and relay 207 in case the calling

line is a metallic line as follows: from ground
through the winding of relay 208, normally

.closed springs controlled by armature 234, lower

left-hand winding of repeating coil RC, resting
contact and armature 241, conductor 151, arma-
tures 113 and 113, positive line conductor 15 of
Iine IT and thence through the calling subscriber’s
and over the previously traced ecircuit

In case the calling line is a grounded line then the
positive line conductor such as conductor 19 will
be grounded and relay 208 is prevented from

operating. Relay 208, upon energizing 1f the

calling line is a metallic line, at armature 232
completes a circuit for energizing battery revers-
ing relay 209 in case the calling line is in a group
requiring reverse battery supervision, in which

5 case conductor 158 is connected to contacts, such

as contacts (18, to conductor 157 which is ground-

ed thereby completing the circuit by way of arma-

ture 243 for energizing the battery reversing rel:a,y
209.

All the code selecting relays in Fig. 6 now re-
store and relay 669 at armature 666 opens the cir-
cuit to ring reversing relay 314 and relay 610 at
armature 671 opens the circuit to ringing relay
3i3. Relay 209, upon energizing, at armatures
233 and 234 reverse battery to the calling line,
and at armature 235 completes a locking circuit
for itself independent of armature 232.

When the calling line is a metallic line, talking
battery is supplied from the windings of relays
207 and 208 through the left-hand windings of
the repeating coil RC over the resting contacts
and armatures 246 and 247 to conductors 150 and
i51, and thence over the calling loop. In case
the calling line is a grounded line, then talking

battery is supplied through the winding of line

relay 207 and from the grounded positive line
conductor of the calling line. When the called

line is a metallic line talking battery is supplied

through the windings of relays 211 and 212 over
the previously traced circuit to the called sub-
scriber’s loop and in this case if relay 210 is oper-

ated the circuit for relay 211 extends from the

winding of repeating coil through armature 327
and conductor 266. In case the called line is &
grounded line then the battery is supplied through
the winding of relay 211 and irom ground on the

- grounded positive line conductor of the called line.

~ After conversation and responsive to the called
party replacing his receiver relays 211 and 212
deenergize. At armature 243 relay 211{ opens the
circuit of relay 209 in case it is energized, and at
armature 242 prepares the circuit for the discon-

nect relay 206 so that this link wiil be automati~

cally released after a predetermined interval

if the calling subscriber fails to replace his re-

- circuits to slow to release relay 381.
upon deenergizing, al armature 325 opens the 10

" to open the circuit of the cut-off relay 2. Cut-of

2,022,503

ceiver. .Batfery reversing relay 209, if energized,
now deenergizes and reverses battery to the call-
ing line for supervisory purposes. In response to
the calling subscriber replacing his receiver line
relay 2071 deenergizes and likewise relay 248, il 5
energized. At armature 230 line relay 287 opens
the circuit of relay 3083 which deenergizes and at
armature 231 opens one of the multiple ground
Relay 383,

circuit of slow to release relay 301, at armature
327 disconnects relay 211 from conductor 283,
and at armature 326 closes the circuit for relays
306, 307 and 32£9. Relay 2381, upon deenergizing,
at armature 318 opens the circuit-of relay 2322 15
and disconnects ground from test conductor !52

I“

relay 2, upon deenergizing, at armature 1§ opens
the mrcmt of lock-out relay 3, and at armatures
8 and 9 operatively connects line relay | to the 20
line. After an interval lock-out relay 8 desner-
gizes and at armature 12 prepares the circuit for
start lead 6f.

Slow to release relay 302, upon deenergizing,

- at armature 320 disconnects ground from re- 25
lays 306, 397 and 309 to cause their deenergiza- |

tion, at armature 32! disconnects ground from
conductor 265 to open a point in the circuit of
the disconnect relay 206, at armature 22 opens
the locking circuit of relay 319 and disconnects 30
ground from conductors 153 and (57 to unlock
the operated finder group relays 10 and i, the
operated finder unit reiay 1061, and relays 264 and
202. Al armature 323 relay 302 disconnects
ground from the lock conductor 278 to unlock the 35
operated connector unit relay 481 and connector
ocroup relay 474, Relay 401, upon deenergizing,
at armatures 492, 493 and 494, disconnects the

- conductors of line 71 from the contrel relays in

the link. Relay 471, upon deenergizing, at arma- 40
ture 474 disconnects the test lead 34 from the link
circuit thereby opening the circuit fo cut-off re-
lay 22. At armature 455 relay 47! opens the cir-
cuit to relay 478 which accordingly deenergizes
and disconnects the line conductors 32 and 33 45
from the link. Relay 3{5, upon deenergizing, at
armature 375 disconnects ground from test con-

‘ductor 382, at armature 376 disconnecis ground

from conductor 268 to open the circuit of relay

4710, and at armatures 373 and 374 opens 2 point 50

in the talking circuit. Relay 2064, upon deener-
gizing, at armature 221 opens the locking circuit
from relays 210 and 284 to cause the latter re-
lays to deenergize, |
Relay 110, upon deenergizing, at armatures 95

112 and {13 disconnects the line conductors {4
and {5 from the repeating coil RC. Reiay {1,
upon deenergizing, at armature 114 disconnects

the test lead of the line from test conductor 152.

Relay (01, upon deenergizing, at armatures 72, 60
{173 and {14, disconnects the control relays of the
link from the calling Iline. Relay 282, upon de-
energizing, at armature 2171 transfers the trans-
fer relay 281 from direct ground to the in lead
281 of the start chain so that if the in lead 28{ 65

is grounded at this time the transfer relay 251

will not restore and interfere with the operation
of a succeeding link. In case the in lead 281 is
not grounded 28! deenergizes and at armature
218 opens a point in the all link busy chain., At 70
armature 215 relay 281 disconnects the out lead
282 and connects up the in lead 28f to line re-
lay 207. Relay 210, upon deenergizing, at arma-
ture 236 short circuits relay 2388 and grounds con-
ductor 151, at armature 237 opens a point in its 75
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own locking circuit as well' as preparing its own
origingl energizing circuif, and at armature 228

separates the right-hand windings of repeating
coil RC. Relay 284, upon deenergizing, at arma-
ture 328 restores the circuit for connecting dial
- tone to a calling line, and at armature 339 pre-

pares a point in the circuit to relay 312 as well as

a point in its own original energizing circuit.
' relay 22, upon deenergizing at armatures

Cut-o
2T and 28 prepares the circuit for line relay 2
and at armature 29 opens the circuit to lock-out
relay 23. Lock-out relay 23 restores and at arm-
ature 31 prepares the circuit to start lead 67. All

relays are now in their normal position and the

link circuit may be used in a subsequent call,

- Assuming now that the called line was busy in-
stead of idle, and returning to the operation at a -

time when busy relay 285 was fully energized
after the code selecting digit was dialled, busy
relay 305, upon energizing, at armature 331 con-
nects the busy tone to the calling line as foliows:
from busy tone by way of armature 32!, resting
contact and armature 385, working contact and
armature 228, tcne condenser TC, conductor 294,

- resting contact and armature 246, and thence
over the calling subscriber’s loop, as previously

described. At armature 332 relay 285 prepares
a circuit for grounding test lead 382, and at arm-
ature 333 opens the circuit to relays 296, 307 and

o898 and likewise prepares a circuit for reoper-

~ ating relay 382 in case relay 207 is again operated.

At armature 235 relay 385 prepares a point in

~ the circuit to reverting call relay 28% and at arm-

2
<A

- ature

ature 334 completes a locking circuit for itself
as follows: from grounded conductor 258, arm-

~ springs controlled by armature 338, and through

- 40
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the winding of busy relay 395 to battery. After

receipt of busy tone

ture 221 opens the circuit: of busy relay 3&35 to
cause its deenergization,

The foregoing circuit descmptlons are the cn*-"

cuit operations for ringing the subscribers, such

' a8 subscribers S4 and S6, which have their ring-

ers connected to the positive line conductor.
As diagrammatically illustrated in Fig. 4 line TI

has ten substations connected thereto, five of
such substations having their ringers connect-
ed to the negative line conductor and the re-

maining lines having their ringers connected to
the positive line conductor.
the subscribers having their ringers cennected
to the positive line conductor the code ringing

digit dialled is six or more so that the code se-
lecting relay 860 will be energized to cause the

energization of ring reversing relay 314, as pre-
viously described. In order to ring the sub-

scribers having their ringers connected to the:

negative line conductor the code ringing d1g1t
dialled is less than six, and therefore relays 660

and 814 are not energized. In this case the op-
eration of ringing relay 3(2: connects generator -
to the negative line conductor to operate the
ringers thereon. This arrangement 1s known as

ten party divided ringing.

Some of the party lines heve 2S many as twen—-'
-ty subscribers on a line, for example the line

Nos. 26 and 27 shown in Fig. 4, illustrate a

grounded line having twenty subscribers there----

1 to G.
dialling the digits 2 and 7 the control relays op-

334 and working contact, normally closed

| the calling subscriber re-
places his receiver, thereby opening the circuit
to line relay 287, which accordingly deenergizes
~and causes the release of the operated relays in
the manner as described for the release from &1L
idle line. In this case, since busy relay 305 is en- -
- ergized, the deenergization of relay 204 at arma-

“nects the second ten code ring conductors.

In order fo ring

scribers on a twenty-subscriber party.line.
'exe,mple if dotted conductor 445 shown in Fig. 4
- should be arranged to permanently shunt ar-
meture eld then . whenever the group selectmg 75

11

on. As will be noticed efm&tﬁres 424 e,nd 430

on connector group-relay 421 are tied together

and connected. to the test conductor 44 of this
line.
and 428 are tied together and connected re-

spectively to the negative and positive line con-
ductors 42 and 43. From the foregoing descrip-

tion it will therefore be understood that this
line may be connected with in response to dial-
ling the digits 2-6 or 2-7. The first ten sub-
scribers on this line are signalled by dialling
digits 2 and 6 and then a code selecting digit 1

- 1t0 0. In response to the calling subscriber dial-

ling the digits 2. and 6 the control relays oper-
ate in the same manner as previously described
to cause the energization of the connector
unit and connector group relays 42{ and 486.
In response to dialling the code selecting digit
the code selecting relays CSR are energized as
previously described to select the desired code.
Since in this case ring reversing relay 3i4 is

- not energized, ringing relay 3{3 always connects
the generator to the negative line and since re-.

lay 668 is not energized, the code selected by
the code digit dialled is determined by the con-
ductor selected over the resting contacts of the
armatures of relay 609,
seribers. on this line ‘are signalled by dialling
the digits 2 and 7 and then a code selecting digit
In response to the calling subscriber

erate as previously described to cause the enei-

- gization of the connector unit and connector

group relays 421 and 407. When relay 407 op-
erates its armature 414 a circuit is completed
for energizing the code switching relay 680, as
follows: from grounded conductor 279, arma-

tures 469 and 414, conductor 393, and through
the winding of code switching relay 600 to bat-
- tery. Relay €00 at its resting contact discon-

nects the first ten code ring conductors and at
the working contact of these armatures con-
In

Armatures 422 and 427 and armatures 423

The second ten sub-

15

20

25

a0

40

response to dialling the code selecting digit the

- code selecting relays are operated as before to
select the desired code ring conductor in the
- second set.

Now when the ringing relay 313 is
energized over the selected code ring conductor,

generator is connected to the negative line con-
~ductor in accordance with the selected code ring
The following chart shows the digits

conductor.
dialled and the code ring conductors selected in

- accordance therenrith:

20-—'part'z code rmg

Digits Ring cond. Digits Ring cond.
26~ o e L 271 e 2-3
262 e 2 272 .. 2-4
208 3 278 .. 3-1
264 4 || 274 e 3-2
20— e e I-1 | 2D e 33
200 e e e 1-2 |} 276 e - 34
26 e e 1-3 (| 27-7 . ._ 4~1
26-8 o __ 14 || 278 4-2
26— e -1 4 2 e 4-3
60 e e 221 270 - 44

A mndlﬁce,tmn jn Fig.
oToUD eelectnae‘ digit dialled by the calling sub-
scriber will determme which group of code ring

45

50

| 55.

60

65

4 shows how the first or

0

conductors are to be used in signalling the sub-

For
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relay &1,

12

digit 2 is dialled the circuit for code switching
relay 868 in Fig. 6 is completed over conductor
992, Relay 809, it will be remembered, switches
from one set of code ring conductors to the other
set whenever the same is energized. Therefore,

in response to dialling group selecting digit 2
one group of the ten subscribers may be sig-
In order to code ring the other ten

hailea.
subscribers on the Iine some other group select-
ineg digit will be dialled to cause correspohnding
connector relays to operate and extend the con-
nection to this line. In this case the connector
relay operated does not complete a circuit for
relay 885 so that the first set ol code ring con-

ductors are used to signal the other group of

ten subscribers on this line.
Another modification is shown for reversmg

the application of ringing current to the called

line by the energization of ring reversing relay
214 Tn this modification the circuit for relay
214 extends from ground at armature 49% over the

dotted conductor 4486 (inshunt of armature 438),

conductor 392, over the dotted conductor 392’
(connected in shunt of armature §68), conductor
379, and through the winding of ring reversing
relay 2314 to battery. In this case whenever cOnN-
nector group relay &7 is energized in response
to the group digit 7, relay 3{4 is energized to

reverse the application of ringing current to the

called line so as to ring such subscribers which
have their ringers connected to the positive line
conductor and esround. In order to ring the sub-
scribers having their ringers connected to the

negative line conductor and ground of this same

line some other group selecting digit will be

dialled to caiise corresponding connector relays.

to onerate and extend the connection to this line.
In this case the operated connector group relay
does not complete a circuit for relay 314 with
the result that ringing current is connected to the
nesative line conductor when the ringing relay
313 is operated.

Reverting calls

In order to descrlbe Q, 1evert1ng call 1t will be
assumed that substation S desires to call another

subseriber on his own line, for example, subscriber -
i Subscriber 8 therefore removes his recelver

and dials the line selecting digits 1 and 7 and then
the code selecting digit assigned to subscriber Si.
The finder group relays 10 and 111 and the finder
unit, relay (67 operate to connect the control re-
lays of the link to line 11. The connector group
the conhector unit relay 491, and the
code selecting relays in Fig. 6 operate also in the
same manner as previously described. Since the
called subscriber, subscriber S, is on the same
line as the calling subscriber S, line 1T is marked
busy and busy relay 38% energizes in the same
manner as previously described to transmit the
busy tone to the calling subscriber. In response

to the receipt of busy tone subscriber 5 now re-

places his receiver, thercby cpening the cu'cult

of line relay 207 which accordingly deenergizes.

At armature 288 relay 287 opens the circuit of
the relay 383.
armature 525 opens the circuit of relay 301 and
ot grmature 324 grounds the test conductor 382
to meintain the line busy and to hold the cut-
off relay 2 and slow release relay 382 in energized
p051t10n as follows: Irom erounded armature 324

and resting contact, armature 332, conductor 382,
armature 478, armature %97, test conductor 16 of
line 17, armature 6 and resting contact, one

- follows:

Relay 383, upon deeunergizing, at-

2,022,508

branch extending fo the winding of relay 2 o

- hold said relay and the cther branch extending

by way of armature 8, armatures {4 and {34,
conductor (52, armature 222, armature 2339, con-

ductor 212, and through the winding of relay 302 5

to battery for holding the latter relay.

Slow to release relay 301, upon deenergizing, at
armature 318 and working contact, opens the
original energizing circuit of relay 382 now main-
tained energized over the previously fraced cir- 10
cuit, and at the resting contact of armature 318
completes a. circuit for energizing reverting call
relay 205. This circuit may be traced as follows:
from ground at the resting contact of armature
324 over the previously traced circuit for holding 15
cut-off relay 2 and relay 302 energized 1o con-
ductor 152, conductor 271, armature 3{8 and rest-
ing contact, armature 335, conductor 273 and
through the winding of reverting call relay 285
to battery. At armature 225 relay 285 opens the 20
circuit to finder group relay 118 which deen-
ergizes, at armature 2286 opens one of the multiple
circuits to relay 302, and at armature 221 com-
pletes a circuit for energizing test relay 319 as
from ground at the normally closed 25
springs controlled by armature 228, conductor
215, armature 322, conductor 153, armature 2217,
conductor 274, and through the lower winding
of relay 2315 to battery. Relay (10, upon deen-
ergizing, at armatures (12 and ({3 disconnects 30
the line conductors {4 and {5 from the link con-
ductors 150 and i5{ thereby opening the circuit
to line relay 207. At armature 377 relay 315 com-
pletes a locking circuit for itself, at armature
3718 prepares a circuit for energizing pick-up re- 35

1oy 610, at armature 316 completes the circuit for

energizing relay #18, at armature 3159 grounds
the test lead 382 to maintain this line busy, and
ot armatures 373 and 374 prepares points in the
ringing circuit. The circuit for energizing re- 40
lay 4106 may be traced as follows: from grounded
armature 376 and working contact, conductor
268, armature 492 and through the winding oi
relay 410 to battery. At armatures 489 and 486
relay 810 connects the line conductors {4 and 15 45
to the link conductors 252 and 299.

At the beginning of the code ringing cycle the
pick-up conductor is grounded in the ringing
machine to cause the energization of pick-up re-
lay 618 as previously described. At armature 872 50
ple"up relay 6710 completes its own locking cir-
cuit, and at armature 671 prepares the circuit for
ringing relay 31{3. When the selected code rving

- conductor is grounded by the ringing machine

ringing relay 313 is energized over the previously 65
traced circuit in accordance with the number of

‘times the code ringing conductor is grounded by

the ringing machine in order to transmit ringing
current to line 17. The ringing circuit may be
traced as follows: from generator, resting con- 60

tact of armature 37§, working contact and arma-

ture 388, armature 373, conductor 282, armatures

475 and 495 to negative line conductor {4 of the

line t7 and thence through the ringers on line
IT to positive line conductor 15, armatures 488 65

“and 4178, conductor 255, armature 374, armature

269, and working COHt&Cb armature 3'!2 and rest-
ing contact, to ground.

- At completion of the code ring and 1N response
to either the calling or called subscriber answer- 70
ing during the silent period relay 21! energizes
in series with relay 212 over the following cir-
cuit: from ground through the winding of relay
212, lower right-hand winding of repeating coil
RC, conductor 256, resting contact and arma- 75
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ture 369, and thence over the previously traced

ringing circuit through the substation loop, back
to armature 368 and resting contact,

armature 238 and resting contact, and

armature 242 relay 24! completes the circuit for
energizing relay 218 and opens a ‘point in the
circuit to the disconnect relay 288. Relay 212,
upon energizing, at armature 237 closes. its own
locking circuit and opens.its original energizing
circuit, at armature 236 remocves the short cir-
cult from around relay 208, at armature 241 dis-
connects ground from conductor 278 :to deener-

gize the code selecting relavs, at armature 238

Opens the circuit to relays 21! and 2{2 which
accordingly deenergize, and at armature 239
opens the circuit to relay $82 t0 cause its deen-
ergization. After an interval slow to release re-
lay 382 deenergizes and al armature 323 opens
the locking circuit of relays 487 and 4{{; and at
armature 322 opens the circuit to relays 315, 1i{,
{87, 224, and 202. Relay 487, upon deenergiz-
ing, at armatures 4785, 475 and 478 disconnects
tne Jlink conductors 252, 285 and 282 from line (7,

ture 492 -opens the circuit of relay 418 which
accordingly deenergizes. Relay 3185, upon deen-
ergizing, at armatures 3723 and 374 opens further
points in the talking and ringing circuits, at
arimature 375 disconnects ground from test con-
ductor 282, at armature 376 disconnects ground
from conductor 2€8, at armature 377 opens a
point in the locking circuit, and at armature 378
opens a poing in the original energizing circuit of
pick-up relay 678. Relay [§i, upon deenergiz-
ing, at armature {8 opens the circuit to relay
118 which accordingly deenergizes, and at arma-~
ture ({4 disconnects the test lead of line {71 .from

the link. Relay 187, upon deenergizing, at ar-
173 and ¥4 opens further points in .
the link circuit. Relay 204, upon deenergizing,

matures {72,

at armature 22§{ opens the locking circuit of
relays 21@, 334 and 2385. Relay 202, upon deen-
ergizing, at armature 217 transfers relay 281
from direct ground to the in start lead 281.

Reverting call relay 2833, upon deenergizing, at

armature 227 opens a point in the orlgmal ener-

gizing circuit of relay 215,
~ Cut-off relay 2, upon deenergizing, at arma-'

ture {8 opens the clrc_ult of lock-out relay: 3, and
at armatures 8 and 10 reconnects line relay to
the conductors of line §7. Line relay ! now

energizes over -the subscriber’s locop as follows:

ground by way of armature 18 and resting con-

tact, 1ower winding of line relay !, condtctor 15,

the substation loop conductor {4, armature 8,
and through the upper winding of relay [ to
bettery. At armature § line relay | grounds the
test conductor 15 to busy this line in the con-

nector end of the link circuit, and at armature T

completes the locking circuit for lock-out relay 3.

- Lock-out relay 2 is maintained energized to pre-

vent grounding of the start lead §1. Relays 385,
| Relay 261 deen-
ergizes in case the in lead 281 is not grounded, as
previcusly described. The entire link is now
released and talking battery is furnished through
Iine relay | to the subscribers on line 7. After

eonversation and in response to both parties

repilacing their receivers line relay | restares and
ocpens the circuit of lock-out relay 3 which is

likewise deenergized -and reswres the llne cir-

cuit to normal.

conductor
293, upper right-hand winding ef repeating coil
RC,
through the winding of relay 211 to battery. AL

Relay 411, upon deenergizing, opens at armature
437 the clrcult to:test conductor 6 and at arma-

- grounded conductor 2859.
Operates as previously ‘described and connects

13
Call to switehthrough trunk

1t will now be assumed that. subscribér S de-

sired to call a subscriber in a distant automatic
exchange, and in order to do so dials the digit 8 -

and 1 to connect with the trunk line extending
to this automatic exchange. In response to sub-
scriber S removing his receiver and dialling the
digits 8 and 1 the finder relays, the control relays
and the connector relays are cperated as previ-
ously described to complete a connection with
the called trunk line. In this case, since the

digits 8 and 1 have been dialled, connector relays

481 and 421 are energized. At armatures 484
and 494 relays 481 and 401 connect the test lead
of the trunk line &f to test lead 382. At arma-
tures 437 and 445 busy relay 305 is connected in

series with the uvpper winding of switchthrough

relay 243 to the test conductor 382 to test the
busy or idle condition of this trunk line, In
case the trunk line 81 is busy, ground on the test
conductor 487 of trunk line 81 completes a cir-

cuit for energizing busy relay 805 to close its
“X” contacts, thereby preparing a circuit for

fully energizing itself then relay 386 deenergizes
shortly after the impulsing pericd. This cir-

-cuit may be traced as follows: from sgrounded
- test conductor 487, armatures 484 and 434, con-
ductor 382, armatures 437 and 445, conductor

210, upper winding of switch-through relay 213,
conductor 268, armature 317, resistance 341,
armature 2339, and through the winding of busy
relay 885 to battery. Due to resistance 341 in
the circuit relay 213 is not energized over the

abave traced circuit and the busy relay 395 oper- :

ates to close only its “X” contact at armature
334. When relay 306 deenergizes shortly after
the second impulsing period, as previously de-
scribed, sald relay at armature 339 closes the
circuit for fully energizing busy relay 305 from
Busy relay 8085 now

busy tone to the calling line. The calling sub-
scriber then hangs up to restore the link.
In case the trunk line 81 is idle when called,

then there is no ground on test conductor 487

and busy relay 285 is not energized. Now when
relay 385 deenergizes shortly after the second
impulsing period a circuit is completed for ener-
gizing switchthrough relay 213 in series with
the cut-of

ductor 289, upper winding of switch-through re-
lay 263, conductor 276, armatures 445 and 4317,
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' relay of trunk line 81 as follows: from
grounded conductor 289, armature 3234 and rest-
ing contact, armature 340, armature 317, con-

Sh

conductor 887, armatures £94 and 484, conductor

487, and through the cut-off relay associated

relay 213 closes its own locking circuit to ground
at armature 3t8 and at armatures 24§ and 247
disconnects the calling line from the left-hand
windings of the repeating coil and connects the

calling line to conductors 252 and 255 direct.

At armature 248 relay 2{3 opens a point in the
65

circuit to disconnect relay 296, at armature 249
disconnects ground from conductor 262 to open
one of the multiple grounds to relay 381 and to
open the locking circuit of relay 304. At arma-

ture 249 and working contact relay 213 grounds

conductor 2868 to complete an energizing cir-
cuit for relay 4882 by way of armature 444, and
at ‘armature 28§ connects grounded conductor
271 to test conductor 382 by way of armatures

£45 and 437 to maintain the fest conductor 487

grounded., Line relay 207 deenergizes when its

with this trunk line to battery. At armature 250

G0

70
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and 483 connects the trunk conductors 48% and
485 to the link conductors 252 and 255. Relay
2393, upon decnergizing, at armature 329 opens
the circuit of slow release relay 30f which deen-
ergizes after an interval. The trunk equip-
ment operates and connects ground to test con-
ductor 487 to hold relays 213, 302 and cut-off relay
2 energized. The circuit for holding relay 213
energized extends from grounded conductor 487,

armatures 484 and 494, conductor 382, arma~

tures 437 and 445, conductor 270, armatures 251
and 258, through the lower winding of cut-
through relay 213 to battery. The circuit for
maintaining relay 302 in energizsd position eX-
tends from grounded conductor 487 over the pre-
viously traced circuit to armature 251 and thence
over armatures 239 and 226 in multiple to con-
ductor 272 and through the winding of relay 362
to battery. The circuit for maintaining cut-off
relay 2 in energized position is the same as that
previously traced and extends from armature 251
by way of conductor 2Ti, armature 222, con-
ductor 152, armatures {74 and (14, armature g,
and throuech the winding of cut-off relay 2 to bat-
The calling line conductors {4 and I5
ara now both connected directly to the trunk
conductors. 485 and 486 whereby the calling
subscriber may now dial the digits of the desired
subscriber at the automatic exchange to op-

erate the automatic switches therein to com-
plete the desired connection in the well known

manner. Talking battery to both the calling and
called subscriber is furnished from the automatic
exchange.

After conversation and in response to the call-
ing subscriber replacing his receiver, the switches
in the automatic exchange release and discon-
nect ground from test conductor 4871, thereby

opening the holding circuit of relays 213, 302 and

cut-off relay 2. Relay 213, upon deenergizing,
at armature 249 opens the circuit of relay 480,
Cut-off relay 2 deenergizes and opens the circuit
to lock-out relay 3 and connects the line relay
{ to the line conductors of line 171. Slow to re-
lease relay 382 deenergizes and at armature 322
opens the circuit to the finder relays 110, [l
and {97 and relays 204 and 202, At armature 323
relay 282 opens the circuit to connector relays
a8t and A81. Relay 480, upon deenergizing, at

armatures 482 and 483 disconnects the talking

conductors of the link from the trunk line. The
lock-out relay 3, the finder relays 119, (11,
187, deenergize as previously described. Relays
294 and 282 decnergize and the latter relay con-
nects the transfer relay 201 to the in lead 28l1.
Connector relays 481 and 481 likewise deenergize.
Tn case the in lead 281 is grounded transfer relay
201 is maintained energized, otherwise relay 201
deenerﬂlzes and thﬂ lmk may be used on subse-
uent calls.

Incommg trunk calls  operate the link circuit
the same as previously described for a local sub-
scriber calling ancther local subscriber. In this
case, however, reverse battery supervision 1Is
needed and when the local called subscriber an-
swers relay 211 energizes and at armature 243
closes the circuit for battery reversing relay 209
to reverse battery over the calling trunk line.

Calls to ring-down trunks are made in the same
manner as described for calls between local sub-
scribers’ lines. On disconnect, however, it 1Is

necessary to transmit a disconnect signal over

- cuit for relay 990.

 an obvious circuit for energizing relay 588.

and
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circuit is opened at armatures 246 and 247 and
at armature 238 opens the circuit to relay 303.
Relay 488, upon energizing, at armatures 482

the ring-down trunk to signal the distant oper-
ator. After the completion of conversation over
a ring-down trunk the calling subscriber re-
places his receiver to cause the deenergization of
relay 207. At armature 230 relay 207 opens the
circuit of relay 303 which deenergizes and at
armature 327 disconnects battery through the
winding of relay 211 from the negative conductor
252 whereby battery is disconnected from the

‘negative ring~down trunk conductior to cause the

distant operator to receive a disconnect super-
vision. Relay 211, upon deenergizing, at arma-
ture 243 opens the circuit to reversing relay 293
which deenergizes if operated and at armature
242 closes a holding circuit for slow to release
relay 301 before the same deenergizes In response
to the deenergization of relay 383. This circuit

o |

10

may be traced from ground at armature 321, con- |

ductor 265, armature 242 and resting contact,
armature 245 and working contact, conductor 264,
and through the winding of relay 341 to batiery.
The restoration of the link circuit is now con-
trolled by the operator over the ring-down trunk.
When the operator at the distant end disconnects
the circuit to relay 212 is opened and said relay

~ deenergizes to open the circuit of relay 30! at

armature 245 to cause the deenergization of re-

lay 301 and the release of the link as previously

described.
Permanents

The link circuit is considered held by a perma-

3

nent if it remains in non-talking posifion for a

minimum  of two minutes after seizure or aifter
the called subscriber disconnects. Relays 883
and 590 and interrupter 583 in Fig. 5 comprise &
timing device for causing the operation of dis-

connect relay 206 if a fault, such as a perma-

nent, appears. At two minute intervals inter-
rupter contacts 583 are closed to complete a cir-
At armature 592 relay 599
disconnects eround from conductor 284 and at
the working contact of armature 592 completes
At
armature 581 relay 588 prepares the circuit for
connecting battery to conductor 288 to energize
the disconnect relay 208 if a permanent exists.

When interrupter spring 593 opens relay ©23% de-

energizes and at armature 591 momentarily con-
nects battery to conductor 285 to energize discon-
nect relay 206 if a permanent exists. At arma-

ture 592 and its working contact relay 598 opens

the circuit of relay 589 which deenergizes aftier
an interval and at the resting contact of arma-

ture 592 grounds conductor 284. Relay 580, upon &

deenergizing, at armature 581 disconnects bat-

‘tery from conductor 285.

In case the link is held by a permanent condi-
tion and the same is not in talking position, that

is in case relays 211, 212 or 213 are not energized, €

g circuit is completed for disconnect relay 233
when relay 589 is energized and relay 930 deen-
ergizes as follows: from grounded armature 32¢,

conductor 285, armature 242, 245 and 268 and -

their resting contacts, winding of disconnect re-
lay 206, normally closed springs controlled by
armature 229 conductor 285, armatures 581 and
591, resistance 594 to battery. Relay 200 at
armature 228 disconnects the ground at the nor-

- mally closed springs controlled by armature 223

and connects the ground on conductor 284 ex-
tending from the resting contact of armature

592 to conductor 275 to maintain a holding con-
dition on conductor 275 until the relay 399 is

again operated. At armatire 229 relay 286 opens 75



10

15

- 2:022,503

2 pomt in its original energ1zmg circuit and com-
pletes a locking circuit for itself over conductor
286. Now, in case the link. c1rcu1t ‘has not
switched through to talking position by the en-

ergization of either relays 211, 212 or 213, before

relay 588 again energizes, then relay 590 at arma-
ture 532 disconnects ground from hold conductor
978 with the result that the link is released and
the calling line is locked out. In case a calling
subscriber fails to -dial.or :the subscriber’s line

is held by a short circuit the disconnection of

sround from conductor 284 at armature: 592 opens
the circuit to the finder relays such as 110, {114
and 187 and the link control relays 202 and 204.
Restoration . of the finder relays disconnects the

calling line from the link causing the deenergiz-
“ation of line relay 2071 and cut-off relay 2.

At

armature 221 relay 204 opens the circuit of relay

212 which thereupon - deenergizes. At armature
217 relay 2892 connects the transfer relay 201 to
the in start lead 281, Relays 287, 312 and 363
deenerglze in the same manner as prevmusly de-
scribed. Relay 3038 at armature 325 opens the cir-
cuit of slow to release relay 301 WhJCh according-

ly deenergizes and at armature 318 opens the

circuit for relay 392. Relay 382 deenergizes and
causes the release of the remaining operated re-

lays in: the same manner:as previously described. -

In case tne calling subscriber dials -only one
digit and then fails to disconnect, the removal

of ground from conductor 284 causes the release

cf the link as just described and in addition in

 this cage since relay-3ti Is energized, such relay

}Il"h..
(WEE

c
-

-
e

In case the

is de nelgized in response to the 1eat01at10n of
1elays 284, which at armature 221 opens the cir-
cuit thereto. The operated connector group re-
lay is deenergized in response to the removal of

ground from lock conductor 278 by the restora-
In case the calling subscriber

tion of relay 382.
dials two digits and then fails to disconnect the
rermoval of ground: from conductor 284 causes the
release as previously described and in addition

causes the release of the operated connector re-

lavs in resnonse to the restoration of relay 392..

in case the called subscriber does not answer
vithin the predetermined f{ime the removal of

eround from conductor 284 causes the deener-
gization of the reiays as previcusly described and

in addition the deenergization of relay 312. At
armature 318 relay 313 opens a circuit to the
cennector group relay, at: armatures 373 and 374
disconnects generator from the called line, at ar-

mature 278 opens the circuit of relay 678, at

armature 375 disconnects ground from the test
lead to free the calledline. Relay 382, upon de-

energizing, at armature 323 opens the locking cCir-
cuit of the operated connector relays and the

onerated code selecting relays. Pick-up relay 670,
upon deenergizing, at armature 87¢ opens the
circuit to ringing relay 213. The operated con-

nactor relays deenergize to disconnect the called
1111.1

from the link and the code selecting relays
deenergize thereby restoring the link to normal.

nects, then the removal of ground from condauc-
tor 23&3 causes the release of relays as previously
described, and in this case relay 218 deenergizes
in response to the deenergization of relay 284

when the locking circuit of relay 2i3 is cpened

at armature 22¢f. In g similar manner in case
the calling subscriber fails to disconnect after
receipt of busy tons then the link is released as
previously described, and relay 284 at armature

224 opens the circuit of busy relay 3349 and re-

the test leads over which relay:

gizes.
be used for both incoming and cutgoing calls.

| -Iink husy relay 588,
busy relay 908 removes ground from the start
circuit to prevent g waiting call from holding the

calling subscriber fails to hang up
=~ his receiver after the called subscriber discon-

15

lay 304 which thereupon deenergiZe In case both

the calling and called subscribers fail to answer

aTeverting call, then the removal of ground from

conductor 284 causes the release of relays 118,

({1, 107, 202, 204, and 315, as previcusly described.

The deenerglza,tlon of relays (1! and {8¥ opens
302 and 205 were
Relays 3@4,
and 484 and the op-

held energized on a reverting call.
305, 418, 302, 205, 870, 411,

erated code selecting rela,z,s deenergize as plev:l— |

ously described to free the link.
When ground is removed from the test lead the
cut-off relay such as relay 2, deensrgizes and at

armatures & and {8 reconnects the Iine relay |
to.the line conductor to cause ifs reenergization

10

in caze a.permanent condition exists on the line. .

At armature {2 relay 2 cpens the circuit of lock-

out relay.8. Line relay { immediately reensrgizes

in case the line is permanent and at armature T
20

locks the leck-out relay 8 in ehergized positicn
hefore . the same desnergizes. Atb armature o re-

lay | grounds the line to make thiz line busy. .

When the permanent condition is cleared from
the line the circuit of line relay { is ¢cpened and
this relay deenergizes to free the line at arma-
ture § and at armature 7 opehs the locking circuit
cf lock-out relay 3 which accordingly deener-
The line circuit is now at normal and may

In case the finder unit relays fail to find thé
calling line relay 187 at armature {48 completes

29

30

g circuit for energizing relay 2862 as follows: from-

grounded conductor {53, armature 223 and rest~
ing contact, armature 228 and working contact,
conductor 189, armatures 142, (45 and similar
armatures cn the finder unit rela,js armature 43
and working contact, conductor {54, and through
the lower winding of relay 282 to batiery. At ar-
mature 217 relay 202 completes the circuit for
energizing transfer relay 28i. Relay 281 at ar-
mature 218 closes & point in the all link busy
chain, at armature 214 completes its own lock-
ing circuit, at armeture 219 and working contact
transfers the in start lead 221 to the out lead 282
to start the next idle link searching for the call-
ing line, and at armature 215 and its resting con-
tact opens the circuit to line relay 207. The
deenergization of line relay 287 causes the re-
le'a's of the link as previously described.

‘When all the links become busy a circuit is

- completed for energizing all link busy relay 338

as fo_llowsz- from ground at terminal 373, over
conductors similar to conductors 233 and 288 to

30

40

o0

termingal 514, In a similar manner cver conduc-

tors from terminals 575 to 576, and from ter-

minals 857 to 518 to conductor 283, arimature &i6,

o4 am

conductor 288, and through the winding of all

At armature 58! all link

transfer relavs 281 energized. AS 800N as any one
link becomes idle a,ll link bu v reiay 508 deener-
gizes. |

If the circuit of start relay B0 remains closed

for a predetermined time ground from springs 503

operated by the time switch TS completes the
circuit for relay 582. Relgy 559 at armature
961 prepares the circuit o relay 518 and the
start lamp 8T, at armature 562 completes a lock-

ing cireuit for itself by way of armatures 544,
Bi2, and 3%
in its origim al energizing circuit, at armature §84

At armature %3 ©

prepares a circuit for relay 548, and at armature

‘565 prepares tﬂe circuit for the alarm lamp AL -

2ns & point

60
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and opens a point in the circuit to relay 550.
When time switehh TS closes springs 502 a cir-
cuil for energizing relay 540 is completed as
follows: ground by way of springs 502, armature
564, through the normally closed springs con-
trolied by armature 942, and through the wind-
g of relay 549 to battery. At armature 541 re-
lay 40 opens -the locking circuit of relay 560
which thereupon deenergizes, at armature 542
completes its own locking circuit, at armature 543
opens the circuit to relay 530 if the same is ener-
gized, and at armature %44 opens the circuit to
relay o923 and removes the shunt from arocund
relay 539 in case relay 520 is energized. Relay
568, upon deenergizing, at armature 555 com-
pletes the circuit for energizing relay 558, and at
armature 353 prepares a point in its original en-
ergizing circuit. If relay 520 is energized at

this time relay B38 energizes in series with relay

228 when the shiant is removed at armature 544,
At armature 52! relay 530 transfers the start

lead to the middle of the chain so as to select

the next idle link near the middle of the chain.
If relgy 538 is already energized the same is
now deenergized in response to the operation
of armature 543, because its circuit is open there-
at. Relay 530, upon deenergizing, transfers the
start circuit from the middle to the beginning
of the chain. The circuit for energizing relay
oe Inay be traced as follows: from ground by
way ol armature 3495, armature 585 and resting
contact, through the normally closed spring con-
trolled by armature 833, and through the wind-

ing of relay 850 fto battery. At armature 582

relay &80 completes its locking circuit and opens

its original energizing circuit, at armature 552
‘brepares a locking circuit for relay 560, at arma-

ture B8l prepares a circuit to the start lamp ST,
and at armaiure 984 prepares a circuit to the
alarm lamyp AlL.
closes springs 903 relay 560 again energizes. At
armature 562 relay 960 completes its locking cir-
cuit, at armature 561 completes the circuit for
lighting the start lamp ST and for energizing
relay B18, at armature 565 closes the circuit for
lighting the alarm lamp AL. At armature 572
relay 970 closes a multiple circuit to the alarm
lamp or alarm sender. When the circuit to start
relay 518 is opened relay 310 deenergizes and at
armature 5t1 removes ground from the start cir-
cuit, at armature §12 opens the locking circuit
of relays 848, 390 and 560, and opens the circuit
to the time switch TS {o stop the same. Relay
543, upon deenergizing, at armature 545 opens
one of the multiple circuits to the alarm lamp
AT,

relay ©70. Relay 550, upon deenergizing, at
arinature 88! opens a point in the circuit to
the start lamp ST and relay 570, and at armature
934 opens the circuit to lamp AL. Relay 570,
upon deenergizing, at armature 572 opens the
cireuly to the alarm lamp AL or the alarm sender.

From the foregoing, it will therefore be seen that

if the start relay 519 is maintained energized for g
predetermined time which time in this case would
indicate some fault, then the time switch TS
which is started in operation in response to the
cperation of relay 510 will have had sufficient time
to cauise the operation just described. The opera-
tion of the time switch is slow enough so that
under normal conditions no alarm is operated.

Having described the invention, what is con-
sidered new and is desired to be protected by

When the time switch TS again

Relay 8950, upon deenergizing, at armature
ol opens the circuit to the start lamp ST and

2,022, 503

Letters Patent wﬂl be set forth in the follow-

- ing claims:

What is claimed is:

1. In a telephone system, subscrlbers lines,
each line having a pair of talking conductors, a 5
calling test conductor, and a called test conductor,

a link having a pair of incoming talking con-
ductors, an incoming test conductor, a pair of
outgoing . talking conductors, an outgoing test
conductor, and groups of relays corresponding to g
sald lines, contacts on said relays terminating
said conductors, means responsive to a subscriber
on one of sald lines Initiating a call for operat-
ing certain of said relays and their contacts to
connect the calling test conductor of the calling 15
line to the incoming test conductor and there-
after to connect the talking conductors of the
calling line to the incoming talking conductors,
means responsive to the calling subscriber dialling
the digits of a called subscriber for operating o
certain other of said relays and their contacts
to connect the called test conductor of the called

- line to the outgoing test conductor, and means
- for operating a further one of said relays and its

contacts in case the called line is idle to connect o5
the talking conductors of the called line to the
outgoing talking conductors.

2. In a telephone system, subscribers’ lines,
each line having a pair of talking conductors
and a calling test conductor, a link having a pair 3

- of Incoming talking conductors, an incoming test

conductor, and relays, contacts on said relays
terminating said Tonductors, means responsive
to a subscriber on one of said lines initiating a
call for operating certain of said relays and their g;
contacts to sequentially connect the calling test

conductors of said lines to said incoming test

conductor until the calling line test conductor is
connected with said incoming test conductor, and
means for operating a further one of said relays 49
and its contacts in response to the connection of
the calling test conductor to said incoming test
conductor to connect the talking conductors of
the calling line to said incoming talking conduc-
tors.

3. In a telephone system, subscribers’ lines,
each line having a pair of talking conductors and
an Incoming test conductor, a link having a pair
of outgoing talking conductors, an outgoing test
conductor, and relays, contacts on said relays 50
terminating said conductors, means responsive

He
b

to a calling subscriber dialling the digits of a

called subscriber for operating certain of said
relays and their contacts to connect said out-

going test conductor to the incoming test con- 55

ductor of the called line, and means for operat-
ing a further one of said relays and its contacts

-1n case the called line is idle to connect said cut-

going talking conductors to the talking conduc-
tors of the called line. 60
4. In a telephone system, subscribers’ lines,
each line having & pair of talking conductors
and an incoming test conductor, a link having a
palr of outgoing talking conductors, an cutgoing
test conductor, and relays, contacts on said re- 65
lays termmatmg said conductors, means respon-
sive to a calling subscriber dialling the digits of
a called subscriber for operating certain of said
relays and their contacts to connect said out-
going test conductor to the incoming test con- 70
ductor of the called line, a busy relay in said
link, and means for operating said busy relay
over sald test conductors in case the called line

Is busy to ftransmit a busy tone to the calling
subscriber. | 75
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65- link correspondlng to the group such line is lo-
cated in, and means in said link operated in case

the called line tests idle over the said connected

70

terminating said conductors,
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5. In a telephone system, subscribers’ _li_nes,-
-each line having a pair of talking conductors and
an incoming test conductor, a link having a pair

of outgoing talking conductors, an outgoing test
conductor, and relays, contacts on sald relays
_ means responsive
to a calling subscriber dialling the digits of a
called subscriber for operating certain of said
relays and their contacts to connect said out-

going test conductor to the incoming test con-

ductor of the called line, a busy relay in said

link, means for operating said busy relay over

said test conductors in case the called line is busy

‘to transmit a busy tone to the calling subscriber,
;jand means operated in case the called line is on

thie same line as the calling line for operating &

further one of said relays and its contacts to con-

nect said outgoing talkmg conductors to the

. talking conductors of said line. -
20
line having a pair of talking conductors and a

6. In a telephone system, a group of lines, each

test conductor, a link for interconnecting said
lines, a first and a second relay in sald link cor-
responding to said group of lines, a group of re-

lays in said link, each of said group relays cor-

responding to a line in said group, means respon-

sive to a calling subscriber dialling the digits of

g, called one of said lines for operating said first
relay to connect the test conductors of all said
lines to said group of relays and for operating
the relay in said group corresponding to the
called line to connect the test conductor of the

“called line to said link, and means in said link

operated in case the called line is idle for oper-
ating said second relay to connect the line con-
ductors of the called line to said link. . |
7. In a telephone system, groups of lines, a
plurality of links for interconnecting -said lines,
s first group of relays in each link, each such re-

-lay corresponding to a group of lines, a test con-

ductor for each line terminating in contacts on
g first group relay in each link corresponding to
the group such line is located in, a second group
of relays in each link, the number of relays in a

-second group corresponding to the number of

lines in any one group, each relay in each sec-
ond sroup having contacts terminating the line
and test conductors of its associated link, means
responsive to a calling subscriber initiating a

‘call for connecting the calling line to one of said-
links, means responsive to the calling subscriber -
dlamng the digits of a called one of said lines for

operating the first group relay in the connected

link correspondmg to the group the called line
-is located in' to connect all the test conductors

of the called line group to the contacts of said
second group relays in the connected link and

for operating the second group relay in said link
corresponding to the called line to connect the

“test conductor of the called line to the test con-

ductor of said link, a third group of relays in each
link, each such relay corresponding to a group

of lines, line conductors for each line terminat- -:
in the seized link in search of said marked group

calling potentlal means in said link operated
“when the group calling potential is found for

ing in contacts on a third group relay in each

test conductors for operating the third group re-
lay in said link corresponding to the called line
sroup to connect the line conductors of the called

. llne to the line conductors of sald link.

| 75"_'!'sa,id lines, a first relay in said link, a second re-

8. In a telephone system, a group of lines, each

line having a pair of talking conductors and a
test conductor, a link circuit for interconnecting

means responsive to a line in said group initiat-
ing a call for marking its mdwu:lual test con-

ductor with calling potential and for operating

said first relay to connect all the test conductors

of said group of lines to said group of relays,

means for sequentially operating said relays in

17

lay in said link, a group of relays in said link,

said group in search of the test conductor hav-

ing the calling potential thereon, and means
operated when the calling potential is found for
stopping further sequential operation of said
group of relays and for operating said second

relay to connect the line conductors of the call-

ing line to said link.

9. In a telephone system, greups of lines, each
line having a pair of talking conductors and a
test conductor, a plurality of links for intercon-

necting said lines, a first and a second group of

relays in each of said links, said line and test
conductors of said lines normally connected to

10

15

20

the contacts of said first group link relays in all

~ said links in accordance with the line groups

such lines are loca,ted in, means responswe to a .

line in one of said groups initiating a call for

seizing an idle one of said links, for operating

the relay: corresponding to the calling group in
the first relay link group of the selected link and
for marking the test conductor of the calling line

- with calling petentla,l means for connecting all
-the test conductors of the lines in the calling

group to said second relay link group, means for

25

sequentially operating the relays .in the second

group of the selected link in search of said call-
ing potential on the test conductor of the caill-

ing line, means operated when the calling poten- ¢
tial is found for stopping the sequential opera-
~ tion of said second group link relays, and means

G
&t

responsive thereto for connecting the line con-

ductors of the calling line to the selected link.
- 10.. In a telephone system, groups of lines, a

plurality of links for interconnecting said lines,

a first and a second group of relays in each link,

a relay in each group corresponding to a group

49

of lines, a line test conductor for each line ter-

mmatmg in contacts on each first group relay
correspondmg to the group such line is located

contacts on each second group relay correspond-
ing to the group such line is located in, a third

oroup of relays in each link, the number of re-
lays in a third group ccrrespondmg to the num-

in, line conductors for each line terminating in .

ber of lines in any one group, each relay in each

third group having contacts terminating the iine
and the line test conductors of ifs associated

link, a group test conductor for each group of
’ lmes terminating in contacts on the corresponad-
ing first group relay in each link, means respon-.

sive to a line in one of said groups initiating a

call for marking the corresponding group test
conductor with group calling potential, for mark-
" ing its line test conductor with calling line poten-
tial, for seizing an idle one of said links, and

for sequentially operating the first group relays

60

65_

stopping further sequential operation of said

last operated first group relay connecting the
test conductors of the lines of the

and said third group relays sequentially con-
necting the line conductors and the. llne test ccm—

first group link relays and for sequentially oper— |
‘ating the third group relays in said link in

search of said marked line calling potential, the 70

oPrespondmg : i
~group to the contacts of said third group relays =

75'
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ductors to the line conductors and to the line

test conductor of said link until said marked call-

ing line potential is found, means operated when
the calling line potential is found for stopping
further sequential operation of said third group
relays, and means responsive thereto for cper-
ating the second group relay in said link corre-

sponding to the calling group to connect the line

conductors of the calling line to the line con-
ductors of said link. | |

11, In a ftelephone system, a called line hav-
ing a first and a second group of subscribers
thereon, a ringing code assigned to each sub-
scriber on said line, means operated In response
to dialling either one c¢f two different group se-
lecting digits and the same units digit for con-
necting with said line, means responsive to dial-
ling a code ring digit for selecting two ringing
codes, the first selected code corresponding {0
the digit dialled and being the ringing code of
g subscriber in the first group, the second se-
lected code also corresponding to the digit dialled
and being the ringing code of a corresponding
subscriber in the second group, and means de-
pendent upon the group selecting digit dialled
for determining whether the ringing code of the
first group subscriber or the ringing code of the
second group subscriber is to be transmitted.

12. In a telephone system, a called line hav-

ing two different tens digits and the same units

digit in its called number, a first group of sub-
stations on sald line each having a different code
ring digit in its called number, a second group
of substations on said line each having the same

code ring digit as a corresponding substation
in said first group in its called number, means

for transmitting a different ringing code for each
substation on said line, and means dependent
upon the tens digit and the code ring digit dialled
for determining the substation rmgmg code to
be transmitted.

13. In a telephone system, a called line, means

operated in response to dialling either one of two

different group selecting digits and the same unit
digit for connecting with said line, means there-
after responsive to dialling any one code ring
digit for transmitting one of two different ring-
ing codes corresponding to this digit over the
called line, and means jointly dependent upon
both the group selecting and code ring digits

dialled for determining the particular ringing

code to be transmitted over said line.

14. In a divided code ringing telephone sys—
tem, a called line having a positive and a nega-
tive line conductor, means responsive to a group

selecting digit and a line selecting digit dialled

by a calling subscriber for extending a connec-
tion to said line, ringing means including a set
of counting relays responsive to the receipt of

a code ring digit for operating said counting

relays to select a particular ringing code in ac-
cordance with the code ring digit dialled by the

‘calling subscriber, a source of ringing current, -

a ringing relay for connecting said ringing source
to said line in accordance with said selected code,
and means dependent upon the group selecting
digit dialled for determining whether said ring-
ing source is t0 be connected to said positive

line conductor or said negative line conductor.

15. In a felephone system, a subscriber’s line
having a pair of individual talking conductors
and an individual test conductor,

for compieting telephone connections, means re-

sponsive to the initiation of a call on said line
for operatively connecting only said test con-

a link circuit _
- relays in said link circuit, each group relay cor-

2,022,503

duetor to said link circuit, and means controlled
by said last means for thereafter operatively
connecting said talking conductors to said link
circuit. )
16. In a telephone system a, subscriber’s line 5
having a pair of talking conductors and a test
conductor, a plurality of link circuits for com-
pleting telephone connections, means respon-
sive to the initiation of a call on said line for
marking said test conductor with calling poten- 10
tial and for seizing an idle one of said link cir-
cuits, means in said link circuit responsive to

~said seizure for operatively connecting only said

test conductor to said link circuit, and means in
said link circuit operated in response to the con- 1o
nection of said calling potential on said test con-
ductor to said link circuit for operatively con-
necting said talking conductors to sald link cir-
cuit. |
17. In a telephone system, a subseriber’s line 20
havmg a pair of talking conductors and a test
conductor, a link circuit for completing tele-
phone connections, a first relay having contacts
terminating said pair of talking conductors, a
second relay having contacts terminsating said 25
test, conductor, means responsive to the initia-
tion of a call on said line for operating said
second relay and its contacts to operatively con-
nect only the test conductor to said link, and
means for thereafter operating said first relay 30
and its contacts to operatively connect said talk-

ing cenductors to said link circuit.

18. In a telephone system, g subscmbers line
ha,vmg a pair of talking conductors and a test
conductor, a link circuit for completing telephone 32
connections, a first relay having contacts ter-
mma,tmg said pair of talking conductors, a sec-
ond relay having contacts terminating said test
conductor, a third relay having contacts for con-
necting said talking conductors and said test 40
conductor to said link circuit, means responsive
to the initiation of a call on sald line for operat-
ing S&ld second and third relays and their con-

'taets to operatively connect only the test con-

ductor to said link circuit, and means operated 45
responsive to said last connection for operating
said first relay and its contacts to operatively
connect said talking conductors to said link cir-

cuit by way of the operated contacts of said

third relay. | _50
'19. In a telephene syetem a group of lines,
each line having a pair of talking conductors
and a test conductor, a link circuit for infer-
connecting said lines, a first relay in said link

“circuit, a second relay in said link circuit, a 9°

eroup of _rel_ays in said link circuit, each group
relay corresponding to a line in said group,
means responsive to a line in said group initiat-
ing a call for operating sald second relay and

the group relay corresponding to the calling line 60

to operatively connect only the test conductor .

of the calling line to said link circuit, and nieans

- operated responsive to said connection for oper-

ating said first relay to operatively connect only gg
the talking conductors of the calling line to said
link circuit by way of said operated group relay.
20. In a telephone system, a group of Iines,
each line having a pailr of talking conductors and
a test conductor, a link circuit for interconnect- 70
ing said lines, a first relay in said link circuit,
a second relay in said link circuit, a group of

responding o a line in sald group, means re- =
sponsive 1o a line in said group 1n1t1at1ng a call 75
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for opera,ting said second relay to operatively

connect all the test conductors of sald group
of lines to said group of relays, means operated
‘responsive to the operation of said second relay
for operating the group relay corresponding to
the calling line to operatively connect only the
test conductor of the calling line to said link

19

circuit, and means operated responsive to said
last connection for operating said first relay to
operatively connect only the talking conductors
of the calling line to the link circuit by way of
said operated group relay.

HARRY G. EVERS.
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