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Specification of Letters Patent.

Patented Feb. 14, 1922.

Application filed March 2, 1920. Serial No. 362,747,

To all whom it may concern:

Be it known that I, Lours A. MorrivEr, a
citizen of the United States, residing at
New York, in the county of New York and
State of New York, have invented certain
new and useful Improvements in Telephone
Systems, of which the following is .a full,
clear, concise, and exact description.

This invention relates to improvements

in telephone systems and has particular
reference to signaling means employed with
transmission lines.
* Heretofore, it has been customary to em-
ploy physical and phantom lines for inter-
connecting distant offices. Selective signals
have been transmitted over these lines from
one office to the other to control telephone
repeaters at intermediate offices and to signal
operators at the first named offices when
connections are desired or when calls are
terminated. It may sometimes occur, par-
ticularly when the jacks or other terminals
at the distant offices are multipled, that sig-
naling impulses are transmitted from the
same or different offices simultaneously or
contemporaneously with the result that im-
pulses may be lost.

An object of the present invention is to
overcome the mentioned difficulty by pro-
viding' impulse storing means at various
offices which will operate, when impulses areé
simultaneously transmitted, to store certain

impulses for sufficient time to enable the

others to be transmitted and then to release
the stored impulses so that all of the im-
pulses will successively perform their respec-
tive functions.

In the drawings, wherein the -above and
other objects are realized, Figs. 1 to 5 inclu-
sive, taken together and arranged side by
side in the manner indicated by the cireuit

lines extending to the margins of the draw-

ings, illustrate what is now believed to be a
preferred embodiment of the Invention.
Fig. 6 is a diagrammatic view of a cord cir-
cuit which may be used in connection with
the invention.

Briefly, the invention is shown as consist--

ing of two distarit offices W and Z and inter-
mediate offices X and Y with physical trans-
mission lines A and €' and a phantom line
B interconnecting said offices. Telephone
repeaters, shown conventionally at RA, RC,
RA1 and RC1, are provided at offices X and
Y, respectively. These repeaters may be of
any well known type and since they form

no part of the present invention it is deemed
unnecessary to illustrate them in detail.
Each distant or terminating office is pro-
vided with an impulse mechanism contain-
ing relays which are individual to each line
terminating at said office and upon the
initiation of a call on one of the lines the
relays associated therewith are operated to
establish an-impulse circuit which transmits
an impulse to the nearest intermediate
office where the same is repeated and again
transmitted until it reaches the other dis-
tant office. The passage of the impulse
through the intermediate offices is utilized
to render effective the telephone repeaters
thereat. At said other distant office the im-
pulse actuates mechanism individual to the
particular line over which the call is initiated
to inform the operator that the line has been
taken for use. Preferably, the physical
lines A and C are employed for the trans-
mission, of the various impulses and nor-
mally included with these lines at the vari-
ous offices are relays responsive to. different;

polarities of current so as to identify the"

particular line over which a call is initiated.
Upon the removal of.all plugs from the
jacks at the terminating offices, impulses of
a. different character from those utilized in
establishing connections are transmitted
from the distant offices to restore the tele-
phone repeaters to normal.

The mecha'-sm at the two distant offices
is arranged so that, in the event of simul-
taneous or contemporaneous calls being
initiated at the same office, the same will
operate to immediately transmit the impulse
for one of the calls and to store the other im-
pulse until the first has been transmitted
whereupon the mechanism again operates to
send the second impulse. The mechanism
will operate in a like manner should an in-
coming impulse reach a distant office at the
same time that a call is initiated thereat.
Tor simultaneous impulses transmitted from
different offices and meeting therebetween.
an impulse storing mechanism is provided at
the intermediate office X which stores the
first impulse received thereat until the sec-
ond impulse has passed through whereupon
said first impulse is transmitted from said
office.

With' this general description in mind, it
is believed that the invention will now be
fully understood from the following detailed
deseription of the operation.

60

65

70

75

.

80

iE

90

95

100

105

116




10

15

20

25

30

35

40

45

50

55

60

65 the physical line

lays 22 and 51

@

Operator at office W initiates o c72 to. office
Z over line A.

The operator at office W desiring to ini-

“tiate a call over line A inserts the plug 70

of a link circuit (Fig. 6) of any well-known
type into jack 20, and thereupon establishes
a circuit extending from battery, through
the winding of relay 71, the sleeye contacts
of the plug 70 and jack 20, the winding and
inner right-hand normal contact of relay 21
and the winding of slow-to-release relay 22
to ground. Relay 71. energizes but has no
effect upon the link circuit at this time. Re-
lays 21 and 22 emergize and relay 21 locks

in & circnit extending from ground through’

its middle alternate contact and -winding,
the slecve contacts of jack 20 and the plug of
the link circuit to grounded battery. Relay
21, upon energizing, immediately opens the
circuit for relay 22, but this relay being slow
to release maintains the alternate contact
thereof closed for a sufficient length of time

_to transmit a signaling impulse. The ener-

gization of relay 22 establishes an impulse
eircuit extending from grounded battery
through the alternate contact of relay 22,
the right-hand winding of relay 51 and the
winding of slow-to-release relay 52 to
ground: The relays 51 and 52 energize in

this circuit, relay 51 maintaining its alter-

nate contacts closed during the energization
of relay 22. Relay 52, being slow to release,
will maintain its alternate contacts closed
for a period of time after the release of re-
The closure of the alter-
nate contacts of relay 52 establishes short
cireuits for slow-to-release relays 54, 56 and
58 to prevent emergization of thése relays
during the transmission of the impulse from
office W for line A. The energization of
relay 51 establishes a circuit extending from
grounded battery through the normal con-

tact of relay 3, the winding of relay 4 and’

the outer left-hand alternate contact of re-
lay 51 to ground. Relay 4 energizes in this
circuit and disconnects the polar relays 1
and 2 and relay 3 from the simplex con-
ductors included :
ing between offices W and X. The energiza-
tion of relay 51 also establishes an impulse
circuit extending from the negative pole of
battery 62, preferably of 60 volts, through
the outer right-hand alternate contact of
relay 51, the right-hand normal contact of
relay 61, the right-hand normal contact of
relay 60, the upper alternate contact of re-

lay 4, the simplex conductors included in the.

physical line C extending between office |
and the mechanism of office X shown in Fig.

2, the upper normal contact of relay 202, the

windings of relay 203 and the polar relays
200 and 201, the lower normal cor _
lay 202, the simplex conductors included in
A extending between the

_cuit and establishes an obvious energizing

“upper contact of polar relay 201 establishes

in the physical lines extend-

“relay 320 is

contact of re--

1,406,878

mechanism at office X shown in Fig. 2 and
office W, the lower alternate contact of re-

'lay 4, the left-hand normal contact of relay

60, the left-hand normai contact of relay 61,

and the inner right-hand alternate contact

of relay 51 to the positive pole of battery 62.

At the termination of the impulse extending

over this circuit, relays 22 and 5l=release
and the release of the latter relay opens the

previously described circuit for relay 4

which then restores to normal.  The release

of relay 22 establishes a_circuit extending

from grounded battery through the right-

hand alternate contact of relay 21, the nor-

mal contact of relay 22 and the winding of

clow-to-release relay 23 to ground. Relay

23 energizes and remains in this condition as

long as a plug is inserted into Jack 20, but
the energization of relay 23 at this time has
no effect upon the system. After.the ter-

mination of the impulse, relay 52 remains.
energized for a definite interval and then re-

leases to open the shunt circuits for relays

54, 56 and 58 _ .

The strength and direction of flow of the
current - in the impulse circuit passing.
through relays 200, 201 and 203 is such as
to cause the energization of. polar relay 201
which in this instance closes its upper con-
tact. Relay 203 is also energized in this cir-

70
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circuit for slow-to-release relay 214 but the .
energization of this relay at this time has no -
effect upon the system. The closure of the -
104
a circuit extending from grounded battery, -
through the resistance 212, the upper con-
tact of relay 201 and the windings of relays
904 and 205 to ground. Relay 205 is mar-
ginal and does not energize in this circuit
due to the inclusion of the resistance 212,
but relay 204 energizes to establish an ob-
vious circuit for filament control relay 319
This relay energizes and locks in a circuit
extending from grounded battery through
its winding and contact and the contact of
relay 820 to-ground. The energization of
relay 319 connects battery through its left-
hand alternate contact to the filaents of
telephone repéaters conventionally . illus- 11
trated at RA and RC associated with lines '

A and C respectively to render said repeat- -

10

11

‘ers effective. Relay 319 remains energized

as long as a plug is inserted into any one
of the jacks at the terminating offices W and 1f
Z, but ‘when all of these plugs are removed
energized in a manner to ap-
pear in the course -of -the description to
open the locking circuit for relay 319 and
thus remove the battery supply from the fila-. 1.
ments of the teléphone repeaters. :
The energization of relay 204 also estab-
lishes a circuit extending from grounded
battery through the normal contacts of re-
lays 207, 206, and 205 in series, the lower 1.




16

© 15

1,406,678

alternate _contact of relay 204 and the left-
hand winding of relay 3851 to ground. Re-
lay 351 energizes and remains in this con-
dition throughout the duration of the im-
pulse. The energization of relay 351 estab-
lishes a_circuit extending from grounded
battery -through the winding of relay 361
and the outer right-hand contact ofrelay 351
to ground. The energization of relay 351
also establishes a circuit for relay 302 ex-
tending from grounded battery through the
normal contact of relay 303, the winding of

‘relay 302 and the middle right-hand con-

tact of relay 351 to ground. Relay 302
energizes and disconnects the polar relays
300 and 301 and relay 303 from the simplex
conductors included in the lines A and C
at office X. The energization of relays 302,

. 851 and 361 establishes an impulse circuit

'20.

25

30

35

extending from- the positive pole of battery

-362, through the outer left-hand contact of

relay 351, the left-hand alternate contact
of relay 361, the right-hand normal con-
tact of relay 360, the upper alternate con-
tact of relay 302, the simplex conductors
included in the physical line C extending
between office X and office Y, the upper nor-
mal contact of relays 404 and 403, the mid-
dle normal contact of relay 406, the upper
normal contact of relay 407, the winding
of relay 408, the windings of polar relays

401 and 400, the middle normal contact of

relay 407, the lower normal contacts of ve-
lays 406, 405 and 404, the simplex conduc-
tors included in line A extending between

offices Y and X, the lower alternate contact

40

45

50
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of relay 302, the left-hand normal contact
of relay 360, the right-hand alternate con-
tact of relay 361, the inner left-hand contact
of relay 351 and the resistance 364 to the

‘negative pole of battery 362. . At the termi-

nation of the impulse relays 302, 351 and 361
release. The direction and strength of flow
of current in the circuit just described does
not affect polar relay 401, but causes the
polar relay 400 to close its left-hand contact
whereupon a circuit will be established from
grounded battery through the resistance 415,
left-hand contact of polar relay 400 and the
windings of relays 409 and 410 to ground
at the contact of relay 418. Relay 409, being
marginal, does not respond to the current

flowing through this circuit but relay 410
-energizes and closes its alternate contacts.

A circuit will then be established from
ground through the outer upper alternate
contact of relay 410 and the winding of re-

- lay 419 to grounded battery. Relay 419 en-

60

85

ergizes and establishes a locking circuit for
itself extending from grounded battery

through the winding and right-hand contact:

of said relay and the contact of relay 420
to ground. In energizing, relay419 connects

battery & its left-hand contact and this bat-

tery is extended to the filaments of the tele-

ground,

8

phone repeaters RA1 and RC1 associated
with the lines A and C respectively, to ren-
der said repeaters effective. The locking
circuit for relay 419 will be maintained until
relay 420 is energized in a manner to ap-

pear in the course of the description, which .

occurs when all of the plugs are removed

from the jacks at the two distant offices.

The current previously referred to, which
flows through polar relays 400 and 401, also
energizes relay 408 and removes ground
from the contact thercof to prevent the
operation of any of the relays 404, 405, 406
and 407 during the transmission of the im-
pulse to office Z so that an impulse tranmit-
ted from the latter office during this interval
will have no effect upon said relays.

The energization of relay 410, under the
control of polar relay 400, establishes a cir-
cuit extending from the positive pole of
battery 418 through the lower alternate
contact of relay 410, the lower normal con-
tact of relay 409, the simplex conductors
included in the physical line A extending
between office Y and office Z, the lower nor-
mal contact of relay 502, the windings of
polar relays 501 and 500, the winding of
relay 503, the upper normal contact of re-

Jday 502, the simplex conductors included in

the physical line C extending between office
Z and office Y, the upper normal contact
of.relay 409, the inner upper alternate con-
tact of relay 410, the upper normal contact
of relay 412 and the resistance 421 to the
negative pole of battery 418. The strength
and direction of flow of current in this eir-
cuit has no effect npon polar relay 500. but
causes polar relay 501 to close its upper con-
tact. Relay 503 also energizes in this circuit

and establishes an obvious energizing circuit |

for relay 514 but the operation of this latter
relay has no effect upon the system at this
time. The closure of the upper contact of
polar relay 501 establishes a cireuit extend-
g from grounded battery through resist-
ance 512, the upper contact of relay 501 and
the windings of relays 504 and 505 to
Relay 505, being marginal, does
not respond to the current flowing in this
circuit but relay 504 energizes. A circuit
is thereupon - established extending from
grounded battery through the normal con-
tacts of relays 507, 506 .and 505 in series,
the alternate contact of relay 504 and the
lower winding of relay 508 to ground. Re-
lay 508 energizes and locks in a circuit ex-
tending from ground through the, upper
winding and the contact of said relay, and
the middle left-hand normal contact of
relay 521 to grounded battery. By closing
its contact, relay 508 also establishes a cir-
cuit from ground through lamp 515, the
right-hand normal contact of relay 521, the
contact of relay 508, and the middle left-
hand normal contact of relay 521 to
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erounded batie

“office Z, the lower al
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v. Lamp 515 is lighted in
this circuit and the operator at office & ob-
serving ths condition of this lamp nserts
the plug 70 of another link civeuit ixmto

jack 520. This operation establishes a elir-

e

cuit  extending from grounded. battery
at the link civcuit through the winding

of relay 71, the sleeve contacts. ot the
plug of said civeuit and the jack 520, the
winding and inner left-hand novmal conbach
of relay 521 and the winding of slow-to-re-
lease rvelay 522 to ground. Relay 71 ener-
gizes but has no effect upon the link cir-
cuit. Relays 521 and 522 energize and the
energization of the former opens the pre-
viously described cirenit for lamp 519 which
lamyp 1s thereupon extinguished. Relay 521
locks through its winding and middle al-
ternate contact to ground und in energlzing
opens the civeuit for veloy
being slow to velease,
open its alternate centact until after-a defi-
nite period of time has elapsed and daring
this time an impulse is fransmitted from

office 7. Upon the release of said relay, re-
lay 523 is energized through the normal
contact of velay 522 and the outer teft-hand

alternate contact of relay 521. The cireult
for this impulse extends from grounded bat-
tery. through the alternate contact of velay
529, the left-hand winding of relay 551 and
the winding of slow-to-release relay 5592 to
ground. Relays 551 and 552 energize and
the energization of the latter relay in clos-
ing its alternate cont..ts establishes shuni
circuits for slow-to-release relays 554, 556,
and 558 to prevent the energizaiion thereof
during the transmission of the  impulse.
The energization of reiay 551 establishes 2
cireuit extending from ‘wrounded battery
through the normal contact of relay 503,

»

the winding of relay 502 and the outer
right-hand alternate contact of relay 551
to ground. Relay 502 energizes and dis-
connects polar
relay 508 from the simplex conductors in-
cluded in the physical lines at oftice Z. The
energization of relay 551 establishes an im-
pulse circuit extending Trom the negative
ole of battery 562, through the outer left-
gand contact of relay 651, the left-hand nor-
mal contacts of relays 561 and 560, the up-
per alternate contact of velav 502. the sim-
plex conductors included in the physical
line € extending between office 7 and office
Y. the upper normal contacts of relays 409,
410, 411 and the middle normal contact of
relay 412, the winding of relay 413, the
windings of polar relays 402 and 408, the
Tower normal contact of relay 412, the
middle normal contact ©f relay 411. the
lower normal contacts of relays 410 and 409,
the simplex conductors included in the phys-
teal line A extending between office Y and
rnate cuntact of relay

This relay ¥

velays 500 and 501 and the,

502, the right-hend novmal contacts of re-
lays 560 and 561 and the inmer lett-hand

contact of relay 551 fo the -positive pole of

battery 562 418 enerwizes 1n ithis
A v 4 B o N
Cire and ground from 1ts

) v = . »
contact prevents the ener gimation of any one
of the relavs 400, 410, 411 and 412 during

ssion of the impulse from office

ough office ¥, ,
16 divection of flow and sirength of the
enrrent in this impulse circult has no effect
upon polar relay 402 but polar velay 403
operates to close its left-ha nd contact. A
cipenit is shereupon established extending
from grounded battery through the resist-
't hand contact of relay 403, the
windings of relays 404 snd 405 and the con-
tach of relay 408 to ground. Relay 404, be-
ing marginal, doss not respond te the cur-
¢ fowing shrough this circult, but relay
405 operates to close its alternate contacts.
The closure of the lowermost alternate con-

tact of velay 405 establishes an energizing
cireuit for relay 419, but as this reiay 1s

alrendy energized and locked to supply bat-
to the Alaments of the telephone re-
ters afb ofice ¥ the closure of the cirenit
for velay 419 by the energization of relay 405
1as no effect upon the former relay.
The energization of relay 405 under the
control of polar relay 403 establishes an
impulse circuit extending from the positive

70

78

30

85
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95

sole of batiery 418, through the u hnermost -
" ? = I

alternate contact of relay 405, the upper
normal contact of relay 404, the simplex con-
ductors included in line C extending between
office ¥ and office X, the upper, normal con-
tuct of velay 802, the winding of relay 303,
the windings of polar relays 300 and 301,
the lower normal contact of relay 302, the
simplex conducters included in line A ex-
tending between office X and office Y, the
lower normal contact of relay 404, the inner
lower aliernate contact of relay 405, the
lower normal contact of relay 407 and the
vesistance 421 to the negative pole of bat-

tery 418. The relay 303 emergizes in this

100

105

110

civenit and establishes an obvious energizing

cireuit Tor slow-to-release relay 334 but the
this relay has no effect upon

energization of
the system at this time. The strength and
direckion of fiow of the current in the cir-
cult
301 causes the latter relay to close its lower
contact, whereupon a circuit is established
from grounded battery through the resist-
ance 312, lower contact of relay 301 and the
windings of velays 304 and 305 to ground.
Relay 305, being marginal, does not respond
to the current fowing in this eircuit due to
the vesistance 312, but velay 804 energizes
and establishes an obvious energizing cirenit
for

relay 318,
gized.and

Incked, and therefore the establish-
ment of the new energizing circuit for the

ils

ading through polar relays 300 and

125

This relay is aiready enet-

130
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same, has no effect. The energization of
relay 304 also establishes a circuit extendin
from grounded battery through the nor'magi
contacts of relays 307, 306, and 305 in series,
the lower alternate contact of relay 304, and
the right-hand winding of relay 251 to
ground. Relay 251 energizes in this circuit
and establishes an epergizing cireuit for
relay 202 extending from grounded battery,
through the normal contact of relay 203,
winding of relay 202 and the middle left-
hand contact of relay 251 to ground. The
energization of relay 251 also establishes a
circuit extending from grounded battery
through the winding of relay 259 and the
outer left-hand contact of relay 251 to
ground. Relays 202 and 259 are energized
and the energization of the former rela y dis-
connects the polar relays 200 and 201 from
the conductors included in the physical lines
A and C at office X. Therefore, upon the
energization of relays 202, 951 and 259, an
impulse circuit is established from the posi-
tive pole of battery 262, through the outer
right-hand contact of relay 251, right-hand
alternate contact of relay 259, the right-hand
normal contact of relay 260, lower alternate
contact of relay 202, the simplex conductors
included in the line A extending between
Fig. 2 and Fig. 1, the lower normal contact
of relay 4, windings of polar relays 1 and 2.
winding of relay 3, upper normal contact of
relay 4, the simplex conductors included in
line C extending between Fig. 1 and Fig. 2,
upper alternate contact of relay 202, left-
hand normal contact of relay 260. left-hand
alternate contact of relay 259, inner right-
hand contact of relay 251, and resistance
964 to the negative pole of battery 262. Re-
lay 3 is energized in this circuit to establish
an obvious energizing circuit for slow-to-
release relay 14, but the operation- of this
latter relay has no effect upon the circuit
at this time.

The strength and direction of flow of cur-
rent in the impulse circuit just described
has no effect upon polar relay 2, but cause
the polar relay 1 to close its upper contact.
A cireuit is then established extending from
grounded battery, through the resistance 12,
the upper contact of polar relay 1 and the
5 and 6 to ground. Relay
does not respond to cur-
rent flowing in this eireuit, but relay 5 oper-
ates to close its contact. A circuit is now
established extending from grounded battery,
through the normal contacts of* relays 8, 7
and 6 in series, the contact of relay 9 and the
lower winding of relay 9 to ground. Relay
21, being energized, the upper winding of
relay 9 is short circuited by the ground at
the Tleft-hand alternate contact of relay 21.
Relay 9 is energized by the cirenit just de-
scribed for it, but due to the short circuit,
this relay will not lock through its winding

6, being marginal,

and contact and therefore will remain ener-
gized only throughout the duration of the
impulse. “Energization of relay 9 establishes
a circuit for relay 25, which is normally
short circuited through the middle right-
hand normal contact of relay 2L extending
from grounded battery througl the winding
of relay 25, the contact of relay 9 and the
left-hand alternate contact’ of relay 21 to
eround. Relay 25 energizes and in so doing
connects a’ source of signaling current 26 to

‘the line and link ecircuit which will give a
momentary audible signal to the operator at.

office W whose listening key 72 is actuated
at this time to indicate that the operator at
office Z has responded by inserting a plug
into jack 520. :

At the termination of the conversation on
line A the operator at office W may transmit
a disconnect signal to the operator at office

70
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Z, or during the use of line A may re-ring .

the operator at

the ringing key (not shown) of the link cir-

cuit connected to jack 20 whereupon a cir-

cuit will be established for velay 24 extend-
ing from a source of signaling current (not
shown) through the tip contacts of the plug
70, jack 20 and the left-hand normal contact
of relay 25. the winding of relay 24, the left-
hand winding of the repeating coil adjacent
the latter relay. the right-hand nermal con-
tact of veluy 25 and the ring contacts of
jack 20 and plug 70 to ground at said ring-
g key. Reluy 94 energizes and establishes
an impulse circuit extending from grounded
battery through' the right-hand alternate
contact of relay 21, the normal contact of re-
lay 22 and the left-hand contact of relay
94 where it joins the circuit previously
traced for relays 51 and 52. The closure of
the right-hand contact of relay 24 short cir-
cuits line A and prevents the t -ansmission of
the signaling current thereover to office X7
Relays 51 and 52 operate to cause the trans=
mission of an impulse from office W through
the various offices as previously described,
vesulting in the energization of relay 508 at
office 7. Due to the energization of relay
591 at this time, the upper winding of relay
508 is shunted by the ground at the right-
hand alternate contact of relay 521 and
therefore relay 508 will not lock through its
upper winding and contact, but will remain
energized only throughout the duration of
the impulse. Operation of relay 508 estab-
lishes a circuit for relay 525 extending from:
grounded battery, throngh the winding of
said relay, the contact:of relay 508, and the
right-hand alternate contact of relay 521 to
ground. Relay 525 energizes and connects @
source of signaling current 526 to the link
cirenit,engaged with jack
the right-hand winding of the bridged relay
78 which thereupon energizes to establish a
locking eireuit extending from battery’

the latter office by actuating -
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through the right- hand confact of key T2,
the contact and left-hand winding of 1e1ay
73, the contact of relay 71 and the 1 tamp 74
to ground. Lamb 74 is lighted in this cireuit
and the operator observmo the same, actuates

the call and by so doing opens said locking
circuit and e: tln(mlshes the lamp 74 It
the signal be for disconnect. the plug is then
withdrawn from jack 520 and relays 521 and
523 release. Release of relay 523 will have
no effect upon the system at this time if it
be assumed that lines B and C are in use and
relays 531 and 541 are energized.

In the same mannér, the ¢ operator at, office
Z may transmit a disconnect signal to the
_operator at office W by operating the ringing
key of the link cirenit connected to ]ack 520
whereupon relay 524 will be operated over
an obvious: circuit by a.source of signal-
ing current associated with said link cir-
»c-uit. The closure of the left-hand con-
relay short circuits the line
A and pr eventq the passage of the sig- t
maling current over said line to office Y.
The closure of the right-hand contact of re-

524

Clay 524 establishes an impulse circuit ex-

]
o]

. 559,
‘ner as before to mnsmlt 41 1mpulw from

45

tending from grounded battery through the
left-hand alternate contact of.relay 5‘?1 the
normal contact of relay 522 aned. the. 110ht-
hand contact of relay 524 wi et ]Olns ‘the
previously traced circuit for télays £51 and
These relays operate in, the sameman-

office Z through the various other offices to
operate rélay 9. This relay alse has:its up-
per winding short circuited by, the - Oround
at the ﬂuft hand alternate contact . of relay
21, and therefore only remains énergized
thrmmhout »hb durationr of the unpulse
Operation of relay 9 establishes a circuit
for relay ¢
tery through the Wm(hno of said velay, the
contact of relay 9 and the left-hand alter-
nate contact of relay 21 to ground. In ener-
gizing 1elay 25 connects thg source of signal-
ing current 26 to the link cireuit to hoht the
hmp 74 associated therewith in the same

manner as previously described. Receiving
this signal, the operator may then remove
the p!uo 70 of the . link circuit from jack
20 whareu pon relays 21 and 23 release. The
release of reldys 21 and 23 will have no effect

upon the system if it be assumed that either’

of lines B and C or both are in use and re-

- lays 31 and 41 kept eneroued by the plufrs

60

cnoqoed with jacks 30 and 4

O perator at office W initiates a call to
077?0@ Z over line .

The operator at office W desiring a con-
nection to office Z over line B inserts a plug

70 of another link cireuit into jack 30 and

thereby establishes a circuit extending from

+ grounded battery through .the winding of

25 extending from grounded bat-

" tery.

1,408,678

relay 71, the sleeve contacts of the plug of

said cucmt and jack 80, the winding and
inner right-hand nonnal contact of relav

31, the w mchno* of slow-to-release relay 32 .

to ground. Relay 81 energizes and locks
throuoh its winding and middle alternate
contact to. ground and by energizing opens
a cireuit for relay 32 which, being slow-to-
release, does not open its altelnate contact
until after a period of tine has elapsed suf-
ficient to transmit an impulse frot offics W,
The energization of relay 32 establishes an
impulse circuit extending from  grounded
batterv through the alternate contact of Ie-
lay 32, the left-hand winding of relay 5

_and the winding of slow-to-release relay 54
Reth 53 and 54 energize and -

to ground.
the latter relay in closing its alternate con-
tacts short circuits 1elaxs 52, 56 and 58 dur-
ing the transmission of the 1mpulse from of-
fice W. The energization of relay 53 estab-
lishes a circuit for relay 4 extending from
erounded battery, through the normal con-
fact of rvelay 3, \demU “of relay -4 and the
‘outer right- hand alternate contact of relay
53 to ground. 'The -energization of relay
53 also establishes a circuit for relay 61 ex-
tending from grounded battery through the
winding of said, relay, the middle right-
hand alternate wontact of relay 53 and “the
left-hand  norraaf - contact of relay 52 to-
ground. The energization of velays 4, 53
and 61 establishes a circuit extending from
‘the negative pole of battery 62, throuOh the
outer Teft-hand alternate contact of relay
53, the left-hand alternate contact of relay
61, the.left-hand normal contact of relay 60,
the lower alternate contact of relay 4, the
simplex couductors included in the physmal
line A extending between office W and the
mechanism of office X shown in Fig. 2, the
lower normal contact of relay 202, Wlndan‘S
ot polar rvelays 201 and 200, the Wlndlnﬁ‘ of
relay 203, upper normal contact of 1ehv
202, the simplex. conductors included in the
phvswal line C extending between Fig. 2
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and Iig. 1, the upper alternate contact of

relay 4 the right-hand normal contact of
Ielav 60 the 110‘ht hand alternate . contact

‘of relay 01, and the inner left-hand alter-

nate contact of relay 53 to the positive pole
of battery 62. At the termination of the
impulse at office W relay 32 releases and es-
tablishes an energizing circuit for slow-to-
releage relay, 33 extendlnrr from ground,
through the winding of relay 33, the “pormal

contact of relay 32 and the rlo‘ht hand al- -

‘ternate contact of relay 31 to grounded bat-
The energization of relay 33 at this
time has no eﬁ'ect upon the system since re-
lays 21 and 31 are both energized.  Relay 203
is energized in the impulse 01rcu1t to estah-
lish' an obvious energizing cireuit for relay
914 but the operation of the relay at this time
has 1o eﬁ'ect upon the system. . The strength
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:md dirvection of flow of the current through
polar relays 201 and 200 is such as to cause
the former relay to close its lower contact.
A circuit is then established extending from
grounded battery, through the lower (Olltst
ot relay 201 and the \\m(hnMs of relays 204
an(l 205 to ground. Since the resistance 212
is not mduded in thls circuit, relays 204
and 205 will both energize and the operation
of the fmmel 1el<\v again establishes the
original ener, lzing cncult t01 relay 319, but
inasmucli as this relay is already in a
locked condition to supply battery to the fila-
ments of telephone repeaters RA and RC,
the establishment of the last ener gizing cir-
cuit for said relay has no effect theleupon
The -energization ‘of relay 205 establishes a
cireult e\tendlnﬂ from grounded battery,
through the normal contacts of relays 207
and 200 the alternate contact of 1eldv 205,
and the right-hand “mdm«r of relay 353 to
Reldv 353 energizes to establish an
energizing circuit for 1ehv 302 extending
flom 0101md through ‘the outer left- lmnd
contact of relay 3,)3 the winding of relay
302, and normal contact of relav 303 to
momlded battery. The energization of re-
Lly 353 also establishes an 1mpu]qe cireuit
extending from the positive pole of battery
362 thxou«rh the outer nrrht hand contact
of relay '3)3 the right- hand normal contact
of relay 361, the left-hand normal contact
of relay 360, the lower alternate contact of

relay 302, the simplex conductors included

in line A extending between office X and
office Y. the lower normal contacts of relays
404, 405 and 406, the middle normal con-
tact of relay 407, the windings of polar re-
lays 400 and 4()1 the Wmdmrr of relay 408,
the upper normal contact of relay 407, the
middle normal contact of relay 406, the up-
per normal contacts of relayvs 405 ,md 404,
the simplex conductors included in the line
C extending between office Y and office X,
the upper alternate contact of relay 302, the
right-hand normal rontact of relay 360,
the left-hand normal contact of relay 361,

the inner right-hand contact of relay 353
and the resistance 364 to the negative pole
of battery 362. The strength and dileCtion
of flow of current in this circuit again ener-
gizes relay 408 to remove 01ound from its
contact’ to prevent the opeution of any of
during the
transmission of the impulse. The pol.u' re-
lay 401 does not respond to the current

. flowing in this circuit but relay 400 operates

60

§5

to close its right-hand contact.
is thereupen established from grounded bat-
tery through the right-hand contact of re-
lay 400 and the wmdlnﬁs of relays 409 and
410 to ground at the contact of relay 413.
Sinee the resistance 415 is not included _m
this circuit, both relays 409 and 410 will
erergize and in the closing of the outer up-

A cirecuit -

per alternate contact of relay 410, ground
will again be connected to the winding of re-
lay 419, but this relay being alunuh ener-
gized and locked the circuit therefor will
have no effect upon the relay and the bat-
tery supply to the filaments of the telephone
repeaters RA1 and RC1 will not be attected.

The energization of relays 409 and 410
establishes a circult extending from the posi-
tive pole of battery 418 tlnouﬂrh the middle
alternate contact of relay 109 the simplex
conductors included in phvswal line C ex-
tending between oftice Y and office Z. the
upper normal contact of relay 502, the wind-
ing of relay 503, the w mdmws of polar re-
]ays 500 and 501, the lower normal contact
of relay 502, the simplex conductors in-
cluded n phvmc al line A extending between
office Z and office Y, the lower alternate con-
tact of relay 409, the lower normal contact
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of relay 411 and the resistance 421 to the

negative pole of battery 418. Relay 503
lesponds to current flowing through this
circuit and establishes the ple\louslv men-
tioned circuit for relay 514, but the energiza-
tion of this relay, at this time, has no effect
upon the system. The strength and direc-
tion of flow of the current from battery 418,
in this instance, has no cffect upon polar re-
lay 500 but causes polar relay 501 to ener, gize
and close its lower contact whereupon a cir-
enit is established from grounded battery
through the lower contact of polar relay 501
and the windings of relays 504 and 505 to
ground.
not included in this circuit. both of the
relays 504 and 505 will energize. A circuit
will thereupon be established from grounded
battery through the normal contacts of re:
lays 507 and 506 the alternate contact of
relay 505 and the lower winding of relay
509 to ground. Relay 509 energizes and
locks in a circuit extending from ground
through the winding and contact of said re-
lay and the middle left-hand normal contact
of relay 531 to grounded battery. The ener-
gization of 1ohv 508 establishes a cirenit
extending from ground through the lamp
517 individual to line B, the nrrht hand nor-
mal contact of relay o‘%l the contact of
relay 509 to grounded battery at the middle
left-hand normal contact of relay 531. The
eircuit extending through the lamp 517 lights
the same and the operator at office Z observ-
ing the lighted condition of the lamp inserts
the plug 70 of another link circuit into the
jack 530.

The engagement of the plug with jack
530 establishes a cireuit through the sleeve
contacts of the plug of said circuit and jack
530, the winding and inner left-hand normal
contact of Ielay 531 and the winding of
slow-to-release relay 532 to ground. Relavs
531 and 532 energize and the ener, gization of
the former opens the previously descrlbed

In‘mmnch as the resistance 512 is -
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‘558 alen establishes a cirewit {for

circuit for the Eqmp 517 which is thereupon

extmgm%}w Relay 531 locks mhf@ugh its
winding and middie alternate contact o

gmund and in energizing opens the o ireuib
for relay 532. This re LW bemv slow to re-
lease, however, does not open its f%lfem te

contact nntil ‘ﬁter a definite period of : fime
has elapsed which is sufficient te transmit
an impulse from office Z. Upon the reieqsu
of rela v 532 at the end of the anﬂw
533 (“(191‘(_']/65‘ throngh the norinal -
of relay 532 dﬂd the outer left-hand alter-
nate contact of velay 531, This nnpnl:,e is
produced by a mrr'un extending from
grmmdm x)&w(ﬂ‘ Ju ough the alter nate con-
tact of reiny 532, the rw}w hand winding of
relay 553 un‘a tne m“xcm.h of slow-to- Wﬂmase
relay 554 to ground. Relays B53 and 554
PTETFize fm” the ene roization of the latte
establishes shun b civenits h

I‘eid‘}
n""‘mme contacts for the other -slow- to-re-
Tease relays 5520 556 mu‘i 55% so that these

vy s

latter relavs sill not
the transm ission of tiw impulse

he enerrne& {mmrf
¢ from ofiics

7. The encrgization of relay ﬁ*)) establishes
a circuit extem}mﬂ from m (mnd\,d wa‘a‘erv

through the norna ’1 copm of
T4 11 2 Ol

winding of velav 502 and tter left-hand
alternate contact of relay 553 to ground.
Relay 502 energizes and f‘ﬁsconngote the
polar relaye 500 and 501 1 relay 508 from
the oonrmume connected fo the physical
lines at office 7. The energization of 1‘(\1&\7

34

relay 861
extending from mounﬁed battery, t}nouﬂh
the winding of q‘nd i'em Y. the mmdle 3@&&
hand alternate contact of relay 553 an i

right-hand norn nal mmmm ot -
;

grmmd Relays 853 and 561 being ne
ergized tmmmhom the duration of the im-
vwlqo a cireult is ekc,nolmfﬂ extending

the negative pole of battery 582 throug

outer right-hand aMernate contact 04‘ relay
5583, the 11f>hff hand alternate contact of Le]axf
561, the Y'm"h‘ and normal contact of rblav
:m() the lower alternate contact of relay 509,
the simplex conduact srC; inciuded in line A
sxtending bebween mm es 7 and Y, the lowe
normal contacts of relays 409 and 410, dm
middie normﬂ contact of relay 411,
lower normal contact of wi‘w 412, the me
ings of poiav' rels ays 403 and 402, the wind-

ing of velay 413, the middle normal conuuw

of rehv 4»12, the upper normal contacts o

relays ‘411, 410 and 409, the simplex con-
ductors mcludm in line C extending between
offices ¥ and Z, the upper 2 alternate contact

.of relay 502, uhe left-hand normal contact

of rehv 560, the lef{-hand alternats contact
f relay 061 and the inner left- hfu’id ‘ﬂtuf«
*nte contact of relay 553 to the positive poie
of hattery 582 Reloy 413 energizes in thig
circuit and ”mleby prevents the enem}mim
of either of the relays 408, 410, 411 a and 412

2 1,406,678
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during the transmission of this impulise from
ofﬁce Y.
The strength and dneum v of flow of cur-
ent Jumwh the circuit .above dmc"a!,ed is
such as to cause polar relay 403 to close its
right- imnd eon‘mct A eireuit 1s thereupon
red extending from g’:mmded 3)9@
xmhi hand um'“& of pol 1“

qd at we cont fact of ulﬁy xOu
48 t‘xg resistance 417 1s not mduﬁed in
iit, both relays 404 and 408 wilt
and velay 405 in closing its lower-
aliernate mqu establishes an obwo s
emvm,fum civenit for relay 419, buf this
latter relay having been already ﬂmﬁfﬂl' 7ed
and m(“(ml the establishment of the above
mentioned circuit has ng affect upon the re-
13;’ The energization of relays 404 and 405
establishes an impulse circuly extending
uom poh itive poie of battery 418 through
the middle alternate contact nf relay 404, the
simpiex conductors ineluded m line A ex-
tending between offices ¥ and X, the lower
normal contact of relay 302, the \"indiﬁm
of polar relays 301 and 300, the “smdmg» of
relay 803, il he upper normal contact ot re-
lay 202, the simplex conductors mdhded n
line O extending between offices X and V.‘
the npper alternate comam of relay 404, the
ser normal contact of relay *0@ and the
ance 421 to the nows‘hve pole of bantery
Relay 303 energizes in this cireuit and

2 Z

U‘

eSS
418.
establiches an o}mmus eniergizing circuit for

314 but the operation of this reiay has
ot wpon ¢ the system at this time.

i ‘fw strengeh and ﬂn‘ec\.l(m of flow of cur-
in the unpulse cirenit above described
i such as to cause polar yelay 801 to ¢ ime 168
upper contact. shed

A eirenitis then esta
extending from grounded battery through
th lower contact of polar reh 301 and the
windings of relays 404 and 805 to sc'rmma
Since the registance 312 1s not mciua“a in
this civeuit relays 304 and 305 bhoth res pcmi
<‘0 the current flowi ing in this (*"rcmt and re-
lay 304 again (1%"“; an obvious \.xi cuit for
relay 310 which is already energized ana
locked to supply batu‘r‘v to the Dlam@n%
repeaters A and The energization @:?
re‘x ay 305 establishes a cjrcm‘r ex mhnn fro
grounded baitcrv thrmwn Lhe ”mamal co
._Jciq of zenw 307 and uOO. the lower
nate conéact oJ relay 303 and the l&
winding of reiay 953 to ground. Helay 2!
energizes in t’mq cireuit and establishes a eir-
cuit 4’01‘ relay 202 tending from ground
thr mmh the outer right- hami czlfernau,e eon-
tact 01 relay 253, the winding of relay 202,

‘A x/-

o]

an¢ the ”l()l‘n]dl contact of relay 208 i
grounded battery. Relay 202 energizes and
idise onnee ts polar relays 300 and 9201 ﬁnfi TE-

from the oonducrmq included in the
The energization

)

lay 203
physical lines at office A,

o
n
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of relay 253 also establishes an impulse cir-
cuit extending from the positive pole of bat-
tery 262 through the outer left-hand alter-
niate contact of relay 253, the left-hand nor-

mal contacts of relays 259 and 260, the upper .

alternate contact of relay 202, the simplex
conductors included in line C extending be-
tween Figs. 2 and 1, the upper normal con-
tact of relay 4, the winding of relay 3, the
windings of polar relays 2 and 1, the lower
normal contact of relay 4, the simplex con-
duetors included in the'line A extending be-

: Figs. 1 and 2, the lower alternate con-

tact of relay 202, the right-hand normal
contacts of relays 260-and 259, the inner left-
hand alternate contact of relay 253 and the
resistance 264 to the negative pole of bat-
tery 262. Relay 3 energizes in this circuit
and establishes an obvious circuit for relay
14 but the operation of this relay has no
effect upon the systerns at this time.

The strength and direction of flow of the
current in the impulse circuit just described
is such as to cause polar relay 1 to close its
lower contact whereupon a circuit will be

. established from grounded battery through
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the lower contact of polar relay 1 and the
windings of relays 5 and 6 to ground. Re-

Jlays 5 and 6 energize owing to the fact that

resistance 12 is not included in the circuit
and the energization of relay 6 establishes
a circuit for relay 10 extending {from
grounded battery, through the normal con-
tacts of relays 8 and 7, the alternate contact
of relay 6 and the lower winding of relay 10
to ground. Relay 10 energizes, but inasmuch
as the relay 31 is now energized the upper
winding of relay 10 is short circuited by the
ground at the left-hand alternate contact of
relay 31 and consequently relay 10 will only
remain energized throughout the duration
of the impulse and will not lock through its
upper winding and contact. The energiza-
tion of relay 10 establishes a civeunit for relay
35 extending from grounded battery, through
the winding of said relay, contact of relay
10 and the left-hand alternate contact of re-
lay 31 to ground. Relay 35 energizes and
throughout the duration of the impulse con-
nects a source of signaling current 36 to the
line and link circuit connected to jack 30.
The operator at office W, having her listen-
ing key actuated at this time, will receive a
momentary audible signal which will indi-
ate that the operator at office Z has ve-
sponded by inserting a plug into ,.ck 530
and conversation may now proceed between
the operators over the phantom line B.

‘At the termination of the conversation
over line B the operator at office W may
transmit a disconnect signal to the operator
at office Z, or during conversation over line
B, may re-ring the latter operator by actu-
ating the ringing key of the link cireuit
connected to jack 80 which will establish

=

a circnit extending from a source of sig-

naling current through the tip contacts of -

the plug of the link circuit and jack 30,
the left-hand normal contact of relay 35,
the winding of relay 34, the left-hand
winding of the repeating coil adjacent to

-relay 34, the right-hand normal contact of

relay 35, und the ring contacts of juck 80

and plug 70 to ground at said ringing key.

Relay 34 energizes and in closing its right-
hand contact short circuits the line B and
therefore prevents the transmission of the
signaling current through the repeating coil
associated with said line. The energization
of relay 34 establishes an impulse circuit ex-
tending from grounded battery, through the
right-hand alternate contact of relay 31, the
normal contact of relay 32 and the left-hand
contact of relay 34, where the circuit joins
the previously described impulse cireuit for
relays 53 and 54, The impulse sending
mechanisms at the various offices now oper-
ate in the same manner as described in con-
nection with the initiation of a call on line
B at office W with the following exception :
When relay 509 energizes in response to the
operation of marginal velay 505, relay 531
being now energized, the upper winding of
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relay 509 is short circuited by the ground at

the right-hand alternate contact of relay 531
and relay 509 therefore only remains ener-
gized throughout the duration of the im-
pulse. The energization of relay 309 estab-
lishes a circuit extending from grounded
battery, throngh the winding of relay 535,
the contact of relay 509 and the right-hand
alternate contact of relay 531 to ground.
Relay 535 vesponds to the current Howing
through thi.. cireuit and connects the source
of signaling current 536 to the line B and
the link circuit engaged by jack 530 and this
signaling current will operate relay 73 to
light lamp 74. The operator responds by
actuating the listening key 72 which extin-
giishes lamp 74 and upon ascertaining that
disconnection is desired, withdraws the plug
from jack 530 and velays 531 and 533 release.
Release relay 533 has no effect upon the sys-
tem at this time assuming that relay 541 is
still energized.
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Likewise; the operator at office Z may .

transmit a disconnect signal to or re-ring
the operator at office X by the operation of
the ringing key of the link circuit engaged
in jack 530. This will cause the energiza.
tion. of relay 534 which in closing its left-

120

hand contact short cireunits the line B and |

prevents the transmission of this signaling
current over said line. The energization of
relay 534 closes an impulse cireuit extending
from grounded battery through the left-
hand alternate contact of relay 531, normal
contact of relay 532 and the right-hand con-

125

tact of relay 534 where it joins the impulse

circuit previously ‘described which extends
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relay 42, but this relay being slow

bl

through the windings of relays 5583 and 554,
These relays operate. ag before to transmit
the signal from office Z to office ¥ where
the same is repeated through to offices X
and W. Relay 10 is again energized to
cause the operation of reld:) 35 in the same
manner as  previously described and the
source of signaling current 86 is again con-
nected to the link circuit enga
80. In the same manner
forth, larap 74 is lighted
and the operator withdra
the jack.

as previously set
and extinguished
ws the plug from

Opercior at office W indtiates a call to
Z ower line O

office

The operator at office W desiring a con-
nection to office Z over line C inserts a plug

70 of another link circuit into jack 40 where-
upon a circuit is established extending from
battery at the link cireuit, through the wind-
ing of relay 71, the sleeve contacts of the
pluo 70 and jack 40, the winding and inner
right-hand nolmal contact of relfw 41 and
the winding of slow-to-release relay 42 to
ground. Rel av 71 energizes in this circuit
but its operation has no effect. Relays 41
and 42 energize in said eireuit wd relay 41
locks Hn"ml(rh its winding and middie alter-
nate contact to ground. The ener gzzatmr of
relay 41 opens the energizing civenit for
to release
does not open its alternate contact until a
sufficient time has elapsed for tho transmis-
sion of the mmuise from office W. The
energization ot relay 42 establishes a circanit
emendmg from gr oundad bdtterv through
the alternate contacy of elay 42, the left-
hand winding of relay 5 and the winding
v 58 to ground.

of slow-to-release rela He-
I‘WS 55 and 56 energize and the Iatter vela v
n clo 1n0 its mtuna te contacts short drenits

relays 52, 54 and 58 50 as 1o prevent the oper-
atmn of these relays during the transimi

f-the impulse from office 3. The energ
/atmn of relay 55 establishes a civemt ex-
tending from Qmund"u battery through the

5]

normal contact of relay 2. wm'hnn of relay
4, the ounter vight-hand alternate contact of
relay 55 to ground. Relay 4 energizes to
i‘sconneu the polar relavs T and 2 from the
simplex conduc tow connected to the p hysical
lines extending from oflice 3W. The ener-
gization of uahy 55 also esmbhsh% an ener-
gizing cireuit for relay 60 extending from
groun rded battery, ihrough the windi ng of
relay 60, the middle right-hand alternate con-
tact of reln v 55, the vight-hand normal contact
of relay 51 and the normal contact of relay
u3 to ground. Relay 60 is energized and relay

5 also being energized, an impulse circuit
.18 Luhbhahed extending from the- posmv

pole of 120-volt battery 63 through the outer
left-hand alternate contact of relay 55, the
left-hand normal contact of relay 59 the

aged with jacic -

-f.rom the- simplex Pond.wwr

tion of :relay 385 als
for relay 360 extending from grounded bat-

1,406,678

middle alternate contact of relay 60, lower
alternate contact of relay 4, the srnplex con-
ductors included in line A extending be-
tween Fig. 1 and Fig. 2, the lower normal
contact of relay 202, the windings of polar
relays 201 and 200, the winding of rehw 203,
the upper normal contact of reLn/ 02, the
simplex conductors included Tine € ex-
tending between Fig. 2 and Fig. 1, the upper
alternate contact of relay 4, the right-hand
alternate contact of relay 6(), the m{,:hc hand
normal contact ey

n
l)x

of relay 59 and ;ne innel

left- hand altevnate contact of relay 55 to the
negative pole of battery 63. ln impulse

cireuit is maintained *lnmnn}\out he energi-
zation of relay 42 and upon the release of
this relay, relays 55 and 56 deenergize. The
velease of relay 42 e%iqbnches an energizing
circult furwla\ 43 extending from M'OUWM
battery Umvw the 1“r>hf hand alternate
contact of mh'x 41, the “hormal contact of
relay 42, and the winding of velay 43 to
oround "The energization mf’ velay 43 at this
time has no effect upon the g
that relays 21, 81 and 41 ave
gized.

The current flowing throug!
cirenit just deseribed energ
establish an obvious en
rnlav 214, but the oper:
ﬂd no fle(m a]vu the s

sy mm a8 summr
yw all enes

his wﬁay
this tume.

The strength and (h:""'ﬂm of F‘ov of cur-
rent ‘_hmug]} polar velays 201 and 202 1s
guch as fo cause both of Lh@ polar r2iayvs
to close their upper contacts. A circuif 18

then established extending from oma nded
battery, through Lha 1em5m% 2, the up-
per contact of relay 201, éne wmﬂmm ot
relavs 204 and 205, Resigtance 212 bemgg
in the civenit, relay 205 dees not respond to
the current fowing therein. - Another cir-
cuit is established from grounded battery,
througl the resistance & 213, upper con-
tact of "pmfu* relay 200 and the Wmd!nos of
relays 206 and 207. The mhx, 207, bemn'
marginal, does not respond to the current
fiowing in this circuit due to the resistance
218. Therefore e, relays 204 and 206 are now
energized. A circuit is now established ex-
‘ten(hno from rrrmmded battery, through the
normal contact of rmay 207, ﬂle lower ajter-
hate contact of relay 206 and the left-hand
winding of relay 355 to gf‘(mnd. Relay 355
nnorm/es o establish a circuit for relay 802
e\icndmo from ground through dn, mlddle
right-hand - alternate mnta(‘t of relay 355,
'Wlndlnf" of relay 302 and the normal con-
tact of relay 803 to ground. Relay 302 ener
gizes to (hSL‘O"lnéf’u] polar relays 300 and 301
“included i
The energiza-

tha

the ’phvmcm lines ab offiee XK. )
0 establishes 2 circuit

tery, through the winding of relay 360 and
the outer rmi vt-hand allernate contact of
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relay 355 to ground. -Relays 302, 355 and
360 now being energized; an impulse cir-
cuit is established extending from the nega-
tive pole of battery 363, through the outer
left-hand alternate contact of relay 355, the
left-hand normal contact of relay 359, the
left-hand alternate contact of relay 360, the
lower alternate contact of relay 302, the
simplex conductors included in line A ex-
tending between office X and office Y, the
lower normal contacts of relays 404, 405
and 406, the middle normal contact of relay
407, the windings of polar relays 400 and
401, the winding of relay 408, the upper
normal contact of relay 407, the middle nor-
mal contact of relay 406, the upper normal
contacts of relays 405 and 404, the simplex
conductors included in line C extending be-
tween office Y and office X, the upper alter-
nate contact of relay 302, the right-hand
alternate contact of relay 360, the right-
hand normal contact of relay 359, and the
inner left-hand alternate contact of relay
355 to the positive pole of battery 363.
The current flowing in this circuit again

energizes relay 408 to remove ground from

its contact to prevent the energization of any
of the relays 404, 405, 406 and 407 during
the transmission of this impulse. The
strength "and direction of flow of current
in this eircuit .is such as to cause polar
relays 400 and 401 to close their left-hand
contacts. . A circuit is then established from
grounded battery through the resistance 414
and. the windings of relays 411 and 412 to
ground at the relay 413. Relay 411, being
marginal, does not energize but relay 412
operates to close its alternate contacts. An-
other circuit is established from grounde:l
battery through -the resistance 415 and the
windings of relays 409 and 410 to ground
at the relay 413. Relay 409 being marginal,
does not respond to the current flowing in
this cireuit, but relay 410 energizes. A con-
dition then exists wherein relays 410 and
412 are energized and ground at the upper-
most alternate contact of relay 410 and at
the middle upper alternate contact of relay
412 is connected to relay 419, but, as before
explained, this relay is energized and locked
and the new circuit therefore has no effect
thereupon. The energization of relays 41,
and 412 establishes a circuit extending from
the positive pole of battery 418, tbe lower
alternate contact of relay 410, the lower nou-
mal contact of relay 409, the simplex con-
ductors included in line A extending be-
tween office Y and office Z, the lower normal

- contact of relay 502, the windings of polar

60

relays 501 and 500, the winding of relay
503, the upper normal contact of relay 502,

" the simplex conductors included in line C ex-

55

tending between office Z and office Y, the
apper normal contact of relay 409, the inner
upper alternate contact of relay 410 and the

ted in this cireuit and the operator

L

outer upper alternate contact of relair{ 412 .

to the negative pole of battery 418. Relay
503 is energized 1n this circuit to again estab-
lish an energizing circuit for relay 511, but
the energization of the latter relay has no
effect upon the system at this time. Polar
relays 500 and 501 both respond to the cur-
rent flowing in this circuit from battery 418
and operate to close their upper contacts.
A cirenit is then established from grounded
battery through resistance 512. the upper
contact of polar relay 501 and the windings
of relays 504 and 505 to ground. Relay 503
does not energize in this circuit but relay
504 operates-to close its contact. Another
cirenit is established from grounded battery
through resistance 513, the upper contact of
polar relay 500 and the windings of relays
506 and 507 to ground. Relay 507, heing
marginal, does not energize in this circuit
but relay 506 operates to close its aiternate
contact whereupen g cricuit is established
from grounded battery through the contact
of relay 507, the alternate contact of relay
506 and the lower winding of relay 510.to
ground. It will be obvious that the energi-
zation of relay 504 has no effect upon relay
508 since the energizing circuit previously
traced for this relay is opened at the normal
contact of relay 506, ;
in the circuit traced therefor and locks from
ground through the winding and contact of
said relay and the middle left-hand normal
contact of relay 541 to grounded battery.
The energization of relay 510 establishes a
cireuit extending from ground through the
lamp 519, the right-hand normal contact of
relay 541 and the contact of relay 510 to
grounded battery at the inner left-hand nor-
mal contact of relay 541. Lamp 519 js light-
2t office
7 observing the lighted conditicn of the
lamp inserts the plug of avether link civeuit
into the jack 540. .

The engagement of a plug with jack 540
establishes an energizing circuit for relays
541 and 542 extending from grounded bat-
tery at the link circuit, through the winding
of relay 71, the sleeve contacts of the plug
70 and jack 540, the winding and inner left-
hand normal contact of relay 541 and the
winding of relay 542 to ground. The ener-
gization of relay 541 opens the circuit for
lamp 519 and also breaks the energizing cir-
cuit for relay 542. The latter relay being
slow to release does not open its alternate
contact until a suflicient time has elapsed to
transmit a signaling impulse from office Z.
The circuit for this impulse now extends.
from grounded battery, through the alter-
nate contact of relay 542, the right-hand
winding of relay 555 and the winding of

slow-to-release relay 556 to ground. The en-

ergization of the latter relay establishes,
through its alternate contacts, short circuits

Relay 510 energizes ¢
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~pulse through office Y.

.relays 404

from grounded battery
S

S|

o

for the other slow-to-release relays 552, 554
and 558 to rend these relays from energiz-
ing during the transmission of the impulse
from office Z.
taplishes a circuit for velay 502 extending
from grounded battery through the normal
contact of relay 503, the winding of relay
5092 and the outer left-hand alternate contact
of velay 555 to ground. Relay 502 energizes
and as before disconnects polar relays 500
and 501 from the conductors included in the
physical lines at office 7. The energization
of relay 555 also establishes 2 cirveuit for re-
lay 560 extending from grounded Dbattery
g of said relay, the mid-
te contact of rejay 585,
. of relay 551

P

:
the left-hand normal’
normal contact
gized, an impulse circuit is established ex-
fending from the positive pole of battery
563, through the outer right-hand alternate
contact of relay 555, il right-hand normal
contact of relay 559, the middle alternate
contact of relany 580, the lower altarnate con-
tact of relay 502, the simplex conducters in-
cludad in line A.extending hetween offices 24

3 -mal contacts of relays

and T, the lower n
409 and 410, the middle normal contact of

Yoo

<

St

- relay 411, the lower normal contact of relay

419, the w1
402, the v
normal conta _
mal contacts of velays

s of polar relays 403 and
- of relay 413, the middle
.ot of relny 412, the upper nor-
411, 410 and 409, the

simplex conductors included in line C ex-
tending betieen offices ¥ and 7, the upper

alternote contacs of relay 502, the left-hand
alternate ¢ L of veloy 560, the left-hand

congn
normal contret of relay 559, and the inner
right-hand alternate contact of relay 555 to
the negative pole of battery 56%. Relay 413
is energized in this circuit and removes
ground from its contact to prevent the ener-
gization of any of the telays 409, 410, 411
and 412 during the transmission of the im-

At the termination
pulse at office 7, relay

of the i 542 releases
and establishes an energizing circult for re-
lay 543 extending through the normal con-
tact of relay 542 and the left-hand alternate
contact of relay 54l , .

The.strength and direction of flow of cur-
' described is
such as to cause the polar relays 402 and 403
to close their left-hand contacts. A circuit is
then established
through the resistance 417, the left-hand
contact of polar relay 403, the windings of
and 405 and the contact of relay
408 to ground. Relay 404, heing marginal,
does mot: respond to the current flowing
through this circuit, but relay 405 operates.
Another cireuit iz established extending
through the resist-

ance 416, the left-hand contact of polar re-

Tn energizing, relay 585, es-

: of velay 553 to-
“ground. Relays 555 and 560 now being ener-
20’

froin grounded “battery,.

lay 402 and the windings of relays 406 and
407 to ground at the contact of relay 408.
Relay 406, being marginal, does Dot energize
in this cireuit, but relay 407 operates. A
condition now exists in which relays 405 and
407 are operated, hence an impulse circuit is
astablished extending from the positlve pole
of battery 418, through the upper alternate
contact of relay 405, the ‘upper normal con-
tact of relay 404, the simplex conductors in-
cluded in line C extending between offices Y
and X, the upper normal contact of relay
302, the winding of relay 303, the windings
of polar relays 300 and 301, the lower nor-
mal contact of relay 302, the simplex con-
ductors included in line A extending be-
tween offices X and Y, the lower normal con-
tact of velay 404, the inner lower alternate
contact of relay 405 and the lowermost alter-

nate contact of relay 407 to the negative pole

of battery 418.

Relay 303 responds fo the current flowing
through the above described impulse circuit
and.in operating establishes an energizing
cireuit for relay. 314, but the operation of
this relay has no effect upon the system at
this time. The strength and direction of the
fiow of current through said impulse circuit
15 siieh as bo cause polar relays 300 and 301 to
cloge their lower contacts.’ Obvious circuits
are now established for relays 304, 305, 306
and 807 through resistances 31% and &13.
Relays 305 and 307, being marginal, do not
operate in said circuits due o the inclusion
oF said resistance therein. The operation of
velay 306 establishes a circuit extending
from grounded battery, through the norma
contact ot relay 307, the lower alternate con-
tact of relay 306 and the right-hand winding
of relay 255 to ground. Relay 255 energizes
and establishes an obvious circuit through its
middie lefs-hand alternate contact for relay
9202 which operates and disconnects polar re-
lays 200 and 201 from the conductors in-

“cluded in the physical lines at office X. The

operation of relay 255 algo establishes an
energizing circuit for relay 260 extending
from grounded battery, through the wind-
ing of sald relay and the outer left-hand al-
ternate contact of relay 255 to ground. Re-
lays 255 and 260 now being energized, an
impulse circuit 1is established extending
from the positive pole of battery 263,
through the outer right-hand alternate con-
tact of relay 255, the right-hand normal con-
tact of relay 261, the right-hand alternate
contact of rélay 260, the lower alternate con-
tact of relay 202, the simplex conductors in-

cluded in line A extending between Figs. 2

and 1, the lower normal contact of relay
4, the windings of polar relays 1 and 2 and
relay 3, the upper normal contact of relay
4, the simplex conductors included in line
C extending between Figs. 1 and 2, the up--
per alternate contact of relay 202, the Jeft-

S
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-hand alternate contact of relay 260, the left-
hand normal contact of relay 261 and the
inner right-hand sfternite contact of relay
' 255 to the negative pole of battery 263.

5 . Relay 3 energizes in“the circuit just de-
scrihed and again establishes the energizing
cireuit for relay 14, the operation of Which
has no effect upon ‘the system at this time.
The strength and direction of flow of the

10 ‘current in the impulse circuit just described
causes polar relays 1 and 2 to close their
upper contacts. Obvious circuits are there-
by closed through remstam es 12 and 13 for
relays 5, 6, 7 and 8, but relays 6 and 8, being

15 margmal do not respond to the current flow-
ing therethrough. The operation of relay 7
establishes a circuit extending from ground-

ed battery through the nor mal contact of re-
. lay 8, the alternate contact of relay 7 and
20 the lower winding of relay 11 to ground.
Relay 11 energizes, ., but does not lock thr ough
-its upper winding and contact since relay
41 is now operated and ground is connected
to the left-hand alternate contact thercof to

25 gshunt said upper winding. The energiza-
tion of relay 11, however, closes a circuit ex-
tending from urounded batte1y through the
Winding of 1'elay 45, the contact of relay 11

and the left-hand alternate contact of relay-

30 41 to ground. The energization of relay 45
connects a source of signaling  current 46
to the link circuit enrr‘wed with jack 40 and
the overator at office W receives an audible
SIgnal which lasts throughout the energiza-

35 tion of relays 11 and 45,

At the termination of the conversation
over line C, the operator at office W may
transmit a disconnect signal to the operator
at office Z or she may re-ring the latter op-

40 erator during conversation by operating the
ringing key of the link circuit connected
with ]ack 40 and thereby cause the energiza-
tion of relay 44 through an obvious circuit.
Relay 44 in closing its right-hand contact

45 gshort circuits the line ‘C and prevents the
transmission of the signaling impulse there-
over to office Y. The closure of the left-
hand contact of relay 44 establishes an im-
pulse circuit extending from grounded bat-

50 tery through the uvhb-hand alternate con-
tact of rela,y 41, the ‘normal contact of relay
42, and the left- hand contact of relay 44
where it joins the ecircuit previously de-
scribed for relays 55 and 56. These latter

55 relays operate as previously set forth to
cause the transmission of an impulse
through the various offices to operate relay

© 510." The opemtlon of relay 510 results in
the connection of the source of signaling

60 current 546 to the link circuit eng‘wed with
jack 540 to light the lamp 74 in the same
manner as described in connection with the

»apghcatlon of signaling current to lines A

an The operator at office Z answering

66 the mgnal then listens in on 1o {'ne and if

cireuit is established extending from «n ound-

(hsconneotlon 1s desxred withdraws the plug
from jack 540y Withdrawal of the plug
causes the releasé of relays 541 and 543 Wlth
a result. that will presently be described.

The operator at office Z may also transmit 70
a disconnect or re-ring signal to operator at
office X by the oper: ation of the ringing key

~of the link circuit connected with jack 540

which causes the energization of relay 544.
Line C is again short- cireuited by the ener- 75
gization of relay 54t and an impulse circuit

is established extending from grounded bat-
tery, through the left- hdnd .1lt0rn.1tu contact
of wlav .)}l the normal contact of relay 542
and the right-hand contact of velay 544 80
where it joins the previously described ener-
gizing eircuit for relays 551 and 552. An
impulse is consequently transmitted from
office Z throngh the other oflices to again en-
ergize relay 11, which results in the applica- 85
tion of signaling current from the source 46

to the link circuit connected with jack 40 in
the same manner as previously described to
light the lamp 74. The operator at office W
then removes the plug from jack 40 causing 90
relays 41 and 43 to release.

Restoration of vepeaters when all lines are
idle.

.

At the termination of the call on line C in *°
the instance where thé operator at office W
transmits a disconnect signal to ofiice Z and
then removes the plug from jack 40 to re--
lease relays 41 and 43, assuming that the
other lines ave idle, the following operation
takes place to restore the tolophone repeaters
to normal.

-Upon the release of relay 41. an impulse

100

ed battery through the contact of rel ay 43, 105

this lolay being slow to release. the outer
right-hand n(nn.ul contacts of relavs 21, 31
and 41 in ser ies, the right-hand winding of
relay 57 and the \vin(lin;_r of slow-to-release
relay 58 to ground. Relays 57 and 58 ener-
gize and the latter relay in closing its alter-
nate contacts short cirenits the windings of
the other slow-to-release relays 52, 54 and 56
and prevents operation of these relays should
another impulse be started at office W simul-
taneously with the impulse utilized to restore
the repeaters. The energization of relay 57
establishes a circuit extended from grounded
battery through the normal contact of relay
3, the w m(lm(r of relay 4, and the outermost 120
loft-hand alternate contact of relay 57, to
ground. Relay 4 energizes and disconnects
p()]ar relays 1 and 2 and relay 3 from the
conductors included in the phvslml lines at
office W. The energization of relay 57 also 125
establishes a circuit extending from ground-
ed battery thrmwh the w mdnw of Iel.n 59,
the next to the innermost left- hand alternate
contact of relay 57, and the right-hand nor-
mal contact of relay 56, to ground Another 130

110
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av 51 and

se relays establishes an impulse
nding from the positive pole of
63 through the outer right-hand al-

ontact of relay 57, the right-hand
te comtacts of relays 39 and 60, the
mate contact of relay 4, the sim-

.1 and 2, the upper normal con-
12, the windings of velay 203
201 201, the fower nor-

in this cireuit and
energizing circuit for

ywih and direc:
n the impu

o0
Ce

28 10

hereupon e
through 1]
and the w ngs
% vound, and both
er relays oize in this cirveuit.
¥ cireuit is established from ground-
ry vhrough the lower confact of
lay 200 and the windings of relays
207 to ground, wheveupon both of

Jne eirenit is
mded battery
y 201

these relays energize. Lhe energization of
45 velay 207 establishes a circut extending

from grounded battery through the alter-
vate contact of relay
winding of relay 557 to

ground. Relay 357
dzed and closes a circuit for relay
tending ' from grounded battery
rough the normal contact of velay 303,
winding of velay 302 and the next to
i Lost left-hand alternate contact of
7 0 ground. Relay 302 energizes
connects the polar relays 300 and
from the conductors included in the
Seal lines A and Cat office K. The ener-
ion of vela, 357 also establishes a cir-
‘or relay 859 extending from grounded
ry through the winding of said relay
the outermost left-hand alternate con-
velay 257 to ground. Relay 360 is
ergized by the operation of relay 357

1t extending from grounded bat-
% the winding of relay 360 and

2]
fe

m

: in line C extendmg.

207 and the right-hand
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the next to the outermost left-hand alier-
nate contact of relay 857 to ground, Relays
302, 357, 359 and 360 now being energized,
an impulse circuit. is established extending
from the negative pole of battery 368
through the outer right-hand alternate con-
tact of relay 357, the right-hand alternate
contacts of relays 359 and 360, the upper
alternate contact of relay 302, .the simplex
conductors included in line C'extending be-
tween offices X and Y, the upper normal
contacts of relays 404 and 405 and middle-
normal contact of relay 406, the upper nor-
wial contact of relay 407, the winding of re-
lay 408, the windings of polar relays 401 and
400, the middle normal contact of relay 407,
the lower normal contacts of relays 406, 405
and 404, the simplex conductors included in
line A extending between offices ¥ and X,
the lower alternate contact of relay 302, the
left-hand alternate contacts of relays 360 and
359, and the inner right-hand -alternate con-:
tact of relay 357 to the positive pole of bat-
tevy 363, o - .
Relay 408 energizes in the circuit just de-
sertbed and removes ground from 1ts con-
to prevent the energization of any of
elays 404, 405, 408 and 407 during the
nission. of the impulse through office.
"ho strength and direction of flow of
wrent through the impulse circuit just
hed ig such as to cause polar relays
y and 401 to close their right-hand con-

tacts, One circuit is thereby established ex-
fen - from grvounded battery through the
g el o

riohi-hand contact of polar relay 400, the

70

75

8U

85,

100

windings of relays 409 and 410 and the con-
tact of relay 418 to ground. Inasmuch as

the resistance 415 is not included in this cir-
cuit, relays 409 and 410 will both energize.
Another cirenit is established extending
from grounded battery through the right-
hand contact of polar relay 401 and the
windings of relays 411 and 412 to ground,
ab the contact of relay 413. Relays 411 and.
419 both energize,in this eircuit to establish
civeuit for relay 420 extending from
grounded battery through the winding of
said relay, the lower alternate contact of
relay 412, the upper alternate contact of
relay 411, the middle upper allernate con-
tact of relay 410, and the upper_alternate
contact of relay 409 to ground. Relay 420
energizes in this cireuit and in so doing
opens the locking circuit for relay 419 which
therenpon releases to disconnect the battery
supply from the filaments of the telephone
repeaters RA1 and RC1 associated with the
lines A and C at office Y. The energization
of relays 409, 410, 411 and 412 establishes
an impulse circuit extending from the posi-
tive pole of battery 418 through the middle
alternate contact of velay 409, simplex con-
ductors included in line C extending between
offices ¥ and 7, the upper normal contact of
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relay 502, the winding of relay 503, the
windings of polar relays 500 and 501, the
lower normal contact of relay 502, the sim-
plex_conductors included in line A extend-
ing between offices Z and Y and the lower
alternate contacts of relays 409 and 411 to
of battery 418, ,
elay 503 energizes in this eircuit and
establishes’ an obvious circuit for slow-to-
release relay 514, but the operation of this
relay at this time has no effect upon the
system. The strength and direction of flow
of the impulse circuit just deseribed causes
the energization of polar relays 500 -and
501 and the closure of their lower contacts,
One cireuit is thereby established extending
from grounded battery through the lower
contact of polar relay 501 and the windings
of relays 504 and 505. Another circuit is
established from grounded battery through
the lower contact of polar relay 500 and the
windings of relays 506 and 507 to ground.
Since the resistances 512 and 513 are not

‘included in these cireuits, the relays 504,
5 505, 506 and 507

are energized and the ener-
gization of the latter relay disconnects the
battery from the normal contact thereof S0
that neither of the relays 508, 509 or 510
will be energized and consequently no
signaling impulse will be transmitted to the
operator at office Z.

. Upon the removal of the plug from jack

540 at office Z in response to the disconnect
signal transmitted by the operator at office
over lime C, relays 541 and 543 are re.

tablishes an' impulse cireuit upon the res-
toration of relay 541 which extends from
grounded battery through the contact of re-
lay 543, the outer left-hand normal con.
541 in series,
the left-hand winding of relay 557 and the
winding of relay 558 to ground. Relays
557 and 558 energize and the latter relay
in closing its alternate contacts shunts the
windings of relays 552, 554 and 556 to pre-
vent the operation of these relays during
impulse from office
Z. The energization of relay 557 _establishes
a_ circuit for relay 502 extending from
grounded battery through thie normal con-
tact of relay 503, the winding of relay 502
and the outermost right-hand alternaté con-
tact of relay 557 to ground. \
energizes and disconnects the polar relays
500 and 501 from the conductors included
in the physical lines at office Z. _ The ener-
gization of relay 557 also establishes a cir-
cuit for relay 559 extending from erounded
battery through the winding of said relay,
the next to the innermost right-hand alter-
nate contact of relay- 557 and the left-hand
normal contact of relay 556 to ground. A

ccireuit for relay 560 is also established by

the operation of relay 557 extending from

Relay 502°

B.88

grounded battery through the winding of
relay 560, the next to the outer-most right-
hand alternate contact of relay 557, the left-
hand normal contact of relay 551 and the
normal contact of relay 553 to ground. Re-
lays 502, 557, 559 and 560 being energized,
an impulse circuit is established ‘extending
from the "positive pole of battery 56
through the outer ]e%t-h:md alternate con-
tact of relay 557, the left-hand alternate
contacts of relays 559 and 560, the upper
alternate contact of relay 502, simplex - con-
ductors included in line extending be-
tween offices Z and, Y, the upper normal con.

tacts of relays 409, 410 and 411, the middle

normal contact of relay 412, the winding
of relay 413, the windings of polar relays

7¢

75

80

402 and 403, the lower normal contact of re-

lay 412, the middle normal contact of relay

411, the lower normal contacts of relays 410 .

and 409, simplex conductors included in line

‘A extending between offices Y and Z, the

lower alternate contact of relay 502, the

middle alternate contact of relay 560, the -

right-hand alternate contact of relay 559
and the inner left-hand alternate contact of
relay 557 to the negative pole of battery 563,

Relay 413 is energized in this impulse cir-
cuit to remove ground from its contact and
consequently prevent the energization of
any of the relays, 409, 410, 411 and 412,
during the transmission of the impulse
through office Y. The strength and diree-
tion of flow of the current in the imapulse
circuit is such as to cause the operation of
polar relays 402 and 403 and the closure
of their right-hand contacts. Cireuits are

thereby established from grounded battery -

through the right-hand contacts of polar re-
lays 402 and 403 and the, windings of re-
lays 404, 405, 406 and 407 to ground at the
contact of relay 408. Relays 404, 405, 406
and 407 energize in these cirenits to again
cause the operation of relay 420, but this
operation of said relay has no effect upon
the system, since relay 419 has already been
released to diseonnect the battery from the
telephone repeaters at office Y. *The ener-
gization of relays 404, 405, 406 and 407, how-
ever, establishes an impulse circuit extend-
ing from the positive pole of battery 418
through the middle alternate contact of re-
lay 404, the simplex conductors included in
line A extending between offices Y and X,
the lower normal contact of relay 302, the
windings of polar relays 801 and
relay 303, the upper normal contact of re-
lay 302, the simplex conductors included in
line C extending between offices’ X and Y,
and the upper alternate contacts of relays
404 and 406 to the negative
tery 418.

Relay 303 responds to the current flowing
through i
ergizing circuit ,for slow-to-release relay
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314, but the operation of this relay has no
effect upon the system at this time. The

strength and direction of flow of the current

through the impulse civeuit just described
"is such as to cause - polar relays 300 and
201 to close their upper " contacts, where-
upon circuits are established exte.ding from
grounded battery through the lower con-
facts of polar relays 300 and '301 and the

windings of relays 304, 305, 306 and 307 to.
ground. All of the latter relays energize

1 these circuits, and in so doing establish
a circuit for relay 320 extending from
grounded battery through the winding -of
said relays, and the upper alternate con-
tacts of relays 304, 305, 306 and 307 to
ground. Relay 320
locking circuit for relay 319, which in re-
" Jeasing, disconnects :the battery from the
flaments of the telephone repeaters RA
and RC associated with the lines A and C
at office X, and thus causes the restoration
of these repeaters to their normal condi-
tion. The energization of relay 307 es-
tablishes g circuit extending from grounded
battery “through the lower alternate con-
tact of said relay and the left-hand winding
of relay 257 to ground. Relay 257 is en-
ergized to establish a circuit extending from
ground through the next to the innermost
right-hand alternate contact of said relay,
' the winding of relay 2092, and the normal
" _contact of . relay 203 to grounded battery.
Other obvious circuits are established, by
the energization of relay 957, for relays
960 and 361. Relays 202, 257, 260 and 261
" being now energized,. an impulse eircuit is
established which extends from the positive
pole of battery 263, through the outer left-
hand alternate contact of relay 257, the left-
hand alternate contacts of relays 261 and
260, the upper. alternate contact of relay
1902, the simplex conductors included in line
C extending between Figs. 2 and 1, the up-
per normal contact of rvelay 4, the winding
of relay 3, the windings of polar relays
9 and 1, the lower normal contact of relay
_ 4, the simplex conductors inclnded in line
A extending between Fig. 1 and 2, the lower
alternate contact of relay 202, the right-
hand alternate contacts of relays 260 and
961 and the inner left-hand alternate con-
- tact of relay 257 to the negative pole of
“battery 263. : - |

Relay 3 responds to the current flowing

‘through this circuit and establishes an ob-
" vious ensrgizing circuit for relay 14, the op-
eration of which -has no. effect upon the
- gystem at this time. The strength and di-
rection of flow of the current in the im-
pulse circoit including polar relays 1 and
9 causes these relays to close their lower
*conpacts, whereupon circuits ave establishea
" from grounded battery through the lower

45

85 contacts of polar relays i and 2 and the

energizes and opens the’

1,406,678

windings of relays 5, 6, 7 and 8 to ground.
All of the latter relays energize and relay
8, by removing battery {from its normal
contact, will prevent the operation of either
of the relays 9, 10 or 11 and consec aently
the operation of either of the lamps 15,
17 ot 19. The telephone repeaters 2sso-
ciated with the physical lines ab offices X
and ¥ are now restored to their normal
conditions and the apparatus at the vari-
ous offices is also at normal. :

Two calls initiated simultaneously
. at office W.

The jacks or other terminals at offices
W and 7 are preferably pinltipled in any
well known manner and it will therefore
be apparent that two or more calls may be
initiated simultaneously o the several lines,
or in other words; the time. intervals re-

- quired to transmit impulses from the offices

may overlap in which event one or more of
the iinpulses may be lost. In order to over-
come this difficulty; it is. proposed in the
present invention to provide means for
storing one of the impulses when two of
,them are initiated simultaneously so that
the impulse will be transmitted from the
‘initiated office suecessively. o
Tor purposes of illustration, let it be as-
sumed £hat calls are initiated simultaneously
at office W on lines /.and B. - The insertion
of a plug into jack 20 of the, line A causes
. the energization of relays 51 and 52 in the
‘same manner as previously described with
the resilt that velays 54, 56 and 58 are

shunted during the energization of relay 52.

Assuming now that a plug is inserted into
jack 30 before the impulse for line A is
transmitted from office W, an impulse cir-
ouit will be established through relays 53
and 54, but relay 54 being shunted will not
close its alternate contacts. Relay 53 is how-
ever energized in the impulse circuit aad
locks in a cireuit extending from grounded
battery through i i

relay 53, the inner
tact of said relay,
lay 54, and the right-hand alternate contagh
~of relay 52 to ground. During this interval,
battery 62 is connected to the right-hand
alternate contacts of relay 51 to transmit the
first, impulse for a line A from office W to
office X and at the termination of this im-

right-hand alternate con-

pulse relay 51 immediately releases, but re-

for an interval.

lay 52 remains energized
51 at the ter-

Upon the release of relay
mination of the first impulse, and relay &3
still being in locked condition by reason of
the enerwization of relay 52, a circuit is es-
tablished for relay 61 extending from
‘erounded battery through the winding of
this relay, the middle right-hand alternate
contdct of relay 53 and the left-hand normal
contact of relay 51 to ground. Relays 53

the right-hand winding of

the normal contact of re~
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and 61 being now energized, an impulse cir-
cuit for line B is closed through the left-
hand alternate contacts of relay 53, the al-
ternate contacts of relay 61 and the normal

“contacts of relay 60 in the same manner as

previously described. It will therefore be
dbvious that upon the simultaneous initia-
tion of two calls at office W, the first im-
pulse will be trahsmitted therefrom in the
ordinary manner, but the second impulse
will be stored at said office until the termina-
tion of the first impulse whereupon said
second impulse will be transmitted to office
X. -Inasmuch as the two impulses reach
office X and the succeeding offices in succes-
sive order, it will be obvious that the mecha-

nism at office Z will operate in the same

manner as before described and the lamps .

515 -and 517 associated with lines A and B
will be lighted to indicate to the operator
at office Z that calls are being initiated upon
said lines. '

.. Likewise should calls be initiated simul-

taneously at office W, on lines B and C, the
impulse produced upon the initiation of a
call on line B energizes relays 53 and 54 and

~ the impulse é)roduced by the initiation of a

30

call on line C will then energize relay 55 but
relay 56 will not energize due to the shunt-
ing of its windings by the gronid at the
middle alternate contact of relay 54. Re-

Jay 55 locks in a circuit extending from

35
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-lay 60 in the same manner as

grounded battery through the right-hand
winding and inner right-hand alternate con-
tact of said relay and the left-hand normal
contact of relay, \56, and the middle alter-
nate contact of relay 54. At the termina-
tion of the impulse for line B, relay 53 re-
leases to permit of the energization of relay
60 over a circuit extending from grounded
battery -through the winding of said relay,

the middle right-hand alternate contact of

relay 55, the right-hand normal contact of

relay 51, and the normal contact of relay 53

to ground. Relays 55 and 60 now being
energized, an impulse circuit is established
from the source of battery supply 63 through
the left-hand alternate contacts of relay 55,
the normal contacts of relay 59,.and the mid-
dle and right-hand alternate contacts of re-
previously de-
scribed. ‘ ;. -

In like manner, impulses transmitted from
any other two lines at officc W or on any
one of the lines and for the disconnect sig-

nal, one of the impulses is stored or held at

office W.until the first impulse initjated is

transmitted therefrom. . '
If at any time during the energization of

relay 60, due to the operation 6f either of

. the relays 55-or 57, an impulse circuit for

some other line should be initiated to.ener-

. gize relays 51 or 53 and thus open the

65

original enejgizing circuit for relay 60, it
will be obvigus that said relay will be held

b Krig

energized during the operation of either of
said relays 55 or 57 by the ground extending
through the left-hand alternate contact of
relay 60, the middle right-hand alternate
contact of relay 55 or the next to the outer-
most left-hand contact of relay 57, and the
winding of relay 60 to grounded battery.
Relay 560 at office Z is held energized in the
same manner.

Calls initiated simultanecously at offices W
and Z. - ‘

It will now be assumed that the impulse
transmitted from office W for line A reaches
office Z at the same time that another call
on line B is initiated thereat. The impulse
for line A is extended through the various
offices in the same manner as previously de-
seribed to effect the energization of :polar
relays 500 and 501, and the relay 503 at
office Z. Relay 503 is energized and remains
so during the.transmision of the impulse
and by
contact prevents the energization of relay
502 should any one of the relays 551, 558,
555 or 557 be energized by an 1mpulse ini--
tiated at office Z. The energization of re-
Iay 503. establishes the obvious eircuit for
slow-to-release relay 514 which in ‘closing
its alternate contacts shunts ‘the slow-to.
releasce relays 552, 554, 556 and 558. There-
fore, assuming that a plug is inserted into
jack 530 at the same time that the impulse
from office W reaches office Z, an impulse
circuit previously described . will be estab-
lished through relays 553 and 554. Relay
553 will energize in this circuit, but relay
554 being shunted by relay 514 will not ener-
gize. Relay 553 locks in a circuit extending
from grounded battery through the left-
hand winding and inner right-hand alter-
nate contact of said relay, the normal con-
tact of relay 554 'and the innermost contact
of relay 514 to ground. The energization
of relay 553 establishes a circuit for re-
lay 561 extending from grounded battery
through the winding of said relay, the
middle alternate contact of relay 553 and
the right-hand normal contact of relay 552
to ground. The energization of relays 553
and 561 prepares an impulse circuit extend-
ing through the right-hand alternate con-
tacts of relay 558, the alternate,contacts of
relay 561 and the normal contacts of relay
560, but due to the fact that relay 502 is
not energized at this time, the impulse which
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is eventually produced by the energization

of relays 553 and 561 will not be transmitted

from office Z until the impulse being re- -

ceived at said office is terminated. At this
time relay 503 releases and establishes a cir-
cuit for relay 502 extending from grounded
battery through the normal contact of relay
503, the winding of relay 502 and the outer
left-handéd alternate contact of relay 553
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to ground. Relay 533 remains energized:
and relay 554 shunted for 2 period of time
Jue to the slow release nafuve of velay Hld.
Therefore, immediately upon the termina-
tion of the impnlse received at office 7, a like
impulse for line B will be transmitted from
said office to office W to light lamp 1710 8
manner that will now be clearly anderstood.

Tn the same manner any other impulse
initinted at office Z to energize either the
relays 551, 555 or 357 will be stored ab this
office until the :
at is terminated.

Let it now be

ssstmed that a call 1s ini-

tiated ab office W on line A and contermpo-
“yansously therewith

another call is initiat-
od 5t office 7 on line B and that the impulses
reach the storing mechanism P
the same time, and let it further be assumed
that the call on line A is the first to be ini-

siated. Relays 51 and 52 ave again ener-
gized in the manner previously described

o fransmit an impulse frem the source of
hatiery supply 62 through the polsr relays

d 901 ot office K with the result that
relay 204 is energized. Relay 203 is also
energized b0 prevent oper tion of relay 202
daring the teansmnission of this imapuise and
cirewit of rvelay 214 for

5 purpose which will presently appear.
187 gl ' lishes the cur-
olay 851, but
- velay 1s en-
et from office
solar relay 801

cuit pre
assuming ¢

gization oF
from the winding 0% »
Jighes the o oireuits for slow-to-release,
relay 214 so that 351 is -ener-
gized by 3
fice W, the elr
closed bub relay 351 will
ztending from grounded p
the right-hand winding and inmer
hand alternate contact of said relay and the
contact of relay 314 to ground. The energi-
sation of polar relay 301 cauvses the opera-
tion of relays 3 as hefore with
the vesult that & s described cir-
cuit for relay 25 tablis A eondi-
sion now exists wherein relays 351 and 253

2

% Jdiscomnects battery
2 pelay 302 and estab-

not be
in a circuis

pattery through

tock

-
¢
o)
®.
&
]

ave energized but, due io the fact that the

(&3]
&

&
&

civcuit for relay 302 is opened by the ener-
gization ol relay 303, an impulse will not be
‘ransmitted from the source of battery sup-
ply 362 through contacss of velay 351. Re-
oy 283 is also locked throughout the dura-
4ion of the impulse from office W, over a

crenit extending from grounded baitery
through the winding and inner right-hand -

aiternate contact of relay 953 and the con-
tact of slow-to-relense velay 214 o ground.
At the tormination of the iraptilse from
office W, relay 208 releases and ostablishes

impulse being received there-

) E " K
at office X al

The-

e hae oy +
is here repeated

right- -

‘ators at the terminating
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the circuit for relay 202 which extends to
ground at the outer right-hand contact of
elay 253. The energization of relay 202
‘n ihis circuit immediately establishes an
impulse circuit éxtending from the source
of battery supply 262 through the left-hand
alternate contacts 253, the mormal contacts
of relays 259 and’ 260, and the alternate
contacts of relay 202. This impulse ig trans-
mitted to office W to operate the lamp 17
thereat in a manner which will now be read-
ily undersiood. '
At the sermination of the impulse at office
X, relay 303 releases o establish the circuit
for velay 302 to ground, at the middle right-
hand alternate contact of relay 351 and the.
cireuis for relay 814 is opened, but this relay
being slow to release will not open the lock-
ing circuit for relay 851 until sufficient time
has elapsed to permit of the transmission of
the impulse for line A from office XK. Im-
mediately upon the encrgization of relay
302, the impulse circuib for line A at office
7 9g established from the source of battery
supply 362 through the lefi-hand contacts
of velay 851, the alternaie contacts of relay
361, the iatter velay having béen energized
over .an obvious cireuit by the energization .
of relay 851, the normal contacts of relay
360 and the alternate contacts of relay 302
to the mechanism at office ¥, The impulse
and transmitted to office Z
508 is enevgized- Go cause
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whereupon- relay

the lighting of lamp 515 in the manner previ-

ously described. It will thus be apparent 100

. that the impulse transmitted from office. W
a0 . a . b < L
for Hime & will be stored at office & until the

imypulse transmitted from office Z for line B

basg passed through office X whereupon the

initial impulse will be transmitéed to offices 105

¥V and Z. It is believed that from the fore- =

going description oring of impulses at

office” 24 will be » understood when

calls are simul imitiated on other

lines at offices W ‘ ’ 1106 -
Tn the event that

30
asly
and 2. _
for any reason the oper-
offices should fail
to secure a connectlon when initiating a call,
it will be obvious that initiating impulses
may be repeated simply by the operation of 115
the ringing key of the link circuit connected
to any particular one of the jacks which will
operate one of the relays 24, 34, etc., or the
operators may withdraw the plug of the link
civenit from the particular jack and rein- 120
sert the same whereupon an impulse will-be

VY

tpansmitted in the ordinary manner.

“What is claimed is: :

“1. Tn a telephone system, two distant of-
fices, an intermediate office, a plurality of 125.
anemission lines ‘nterconnecting said of: =
fices, a signaling circuit included In certain
of said lines, means’ for transmitting a sig- -
naling impulse iprany one of said trans-

misslon fines over said signaﬁng-_circuiﬁ and 130
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the Iines included therewith when a call is

initiated on one of said transmission lines,

and means at said intermediate office oper-
able when simultaneous calls are initiated

s for storing one of the impulses until the
other has been tramsmitted through said in-
termediate office.

2. In a telephone system, two distant of-
fices, an intermediate office, physical and

10 phantom transmission lines interconnecting
said offices, a signaling circuit included in
said physical lines, means for transmitting

a signaling impulse for any one of said trans-

_'mission lines over said signaling cirenit and
15 physical lines when a call is initiated on one

of said lines, and means at said intermediate

office operable when contemporaneous calls

are initiated for storing one of the impulses

until the other has beon transmitted through
20 said intermediate ofiice.

3. In a telephone system, two distant of-
fices, a plurality of transmisison lines inter-
connecting said offices, a signaling circuit
included in certain of said lines, means for

25 transmitting a signaling impulse for any one
of said transmission lines over said signal-
ing circuit «nd the lines included therewith
when a call is initiated on one of said trans-
mission linzs, and means at each distant office

30 operable wien an impulse is being received

thereat simultgneously with the initiation of

4 call at said office for storing one of the

impulses untii the other has been trans-
mitted. :

4, In a telephone system, two distant of-
fices, physical and phantom lines intercon-
necting said offices, a signaling circuit in-

. cluded in said physical lines, means for

transmitting a signaling impulse over said
40 signaling cirenit and said physical lines

35

when a call is initiated on one of said lines,-

and means at each distant office operable
when an impulse is being received thereat
simuitaneously with the initiation of a call

" 45 at suid office for storing one of the impulses
until the other has been transmitted.

5. A telephone system, two distant of-
fices, an intermediate office, a plurality of
transmission lines interconnecting said of-

50 fices, a signaling circuit included in certain
of said lives, means at said distant offices
for transmitting a signaling impnlse over
said signaling circuit and the lines included
sherewith when a call is initiated on one of

* 55 said lines, means at said distant offices oper-
able when simultaneous calls are initiated

- for storing one of the impulses until the

other has been transmitted, and means at
said interrediate office operable when two
¢o calls are initiated simultaneously at said
distant offices for storing the impulse for one
call until the impuizse for the other call has
been transmitted through said intermediate
office. / ' '
6. In

85 a telephone system, two distant of-

i

fices, intermediate offices, telephone repeat-
ers at said intermediate offices, a plurality
of transmission lines interconnecting said
distant and intermediate offices, a signaling
cireuit included in certain of said lines,
means for transmitting a signaling impulse
from either of said distant offices over said
signaling circuit when a call is initiated on
one of said lines. means operable when, simut
taneous calls are initiated for storing one
of the impulses until the other J,“l“ been
transmitted, and means at said intermediate
offices responsive to an impulse tvansmitted
thereto for rendering effective the repeaters
at said intermediate offices. ‘

7. In a telephone system, twqidistant of-
fices, intermediate offices, telephone repeat-
ers at said intermedinte offices, a plurality of
transmission lines i:ier-connecting said dis-
tant and intermediate offices, o signaling
circuit included in certain of said lines,
means for transmittivg a stgnaling impulse
from either of said distant oflices over said
signaling circuit when » call is i.itiated on
one of said lines, means at said intermediate
oftices responsive to an impulse received
thereat for rendering eiectiva said, tele-
phone repeaters, and means at one of said
intermediate offices operable when impulses
are transmitted stmultaneously from said
distant offices for storing one of the impulses
until the other impulse has been transmitted
through said intermediate office.

8. In a telephone system, distant offices,
a plurality of transmission lines intercor-
necting sald offices, an impulse circuit for
each line at each of said offices closed when
a call is initiated upon the line to which
the impulse circuit is individual, 2 relay in
each impulse circuit energized when the same
is closed, a second relay operable in each
circuit to prevent energization of correspond-
ing relays when a call is initiated on any one
of said lines and to maintain the first named
relay of another impulse circuit energized,
when two calls are initiated simultaneously,
until the impulse for one call is transmitted,
and means controlled by the operation of
said first named relays for transmitting the
impulses from the offices in succession.

9. In a telephone systeém, distant offices,

.physical and phantom lines interconnecting

said offices, a signaling cireuit included in
the physical lines extended between said of-
fices, an impulse circuit for each line at each
of said offices closed when a call is initinted
upon-the line to which the impulse circuit is
individual, a relay in each impulse circuit
energized when the same is closed, a second
reluy operable in each cireuit to prevent
energization of corresponding relays when
a call is initiated on any one of said lines
and to maintain the first named relay of an-
other impulse cireuit energized, when two
calls are initiated simultaneously, until the
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impulse for one call is transmitted, and
means controlled by the operation of said
first named relays for transmitting the im-
pulses from said offices over said signaling
circuit and physical lines in succession.

10. In a telephone system, two distant
offices, an intermediate office, a plurality of
transmission lines interconnecting said of-
fices, a signaling circuit included in certain
of said lines, means for transmitting a sig-
naling impulse from either of said distant
offices over said signaling circuit when a call
is initiated on any one of said lines, means
at said distant offices operable when simul-

‘taneous calls are initiated thereat for stor-

ing one of the impulses until the other has
been transmitted, means at said intermedi-
ate office operable when calls are initiated

" simultaneously at said distant offices for

storing the impulse of one call until that of
the other call has been transmitted through

1,408,878

said intermediate office, and polar relays at

said offices and included in said signaling

circuit for repeating the impulses received
at said offices. :
11. In a telephone system, two distant

25

offices, an intermediate office adjacent each

of said two distant offices, telephone: re-
peaters at said intermediate offices, means
at each distant office for operating the tele-
phone repeaters at said intermediate offices,

means controlled from one distant office for

disabling the repeaters at the intermediate
office adjacent the other distant office, and
means controlled from said other distant
office for disabling the repeaters at the inter-
mediate office adjacent the first named dis-
tant office. -

In witness whereof, I hereunto subsecribe
my name this 27th day of February, A. D.,

1920, . .
LOUIS. A. MORTIMER.
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