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 COMPANY, JWCORFORATED;

‘ Original application filed

This invention rela

HSEN, OF NEW YORK, N. Y., ASSIGNOR TO WESTERN ELECTRIC -

OF NEW YORK, N. ¥, A CORPORATION OF NEW YORK.

' TELEPHONE SYSTEM.

July 14, 1820, Serial No. 396,143, Divided and this application filed September
ST gs, 1998 Serial No. 665280 .

tes to telephone :s.ys-; _

tems and particularly to subscriber-operated

switching means for private branch exchange -
working. This application 1s a division of:

“application Serial No.
1920, which has been

396,143 filed July 14,
issued as Patent No.

1,507,116 on September 2, 1924 to E. E. Hin-
. richsen. o o SRR
: The object of the invention is to provide

an all relay: system o

£ small capacity em-.

“bodying all the conveniences of a modern

automatic telephone system suitable for use.

" in a private residence or small business es-
tablishment where the number of stations
i so small:that the regular employment of
an operator is unwarranted.. . L
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- produces in the secondary winding an alter-
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A feature of the present ihventi‘on‘res‘ides'

‘in the busy tone and ringing circuits where-
in busy tone and Tinging currents are gen-
erated and controlled entirely by relays.
Two relays each with means for making and
breaking the ‘circuit of the other are em-
~ ployed as an interrupter for alternately ap-
plying a source of direct current to different

primary windings of

a. transformer. "Ap- -
~g link circuit.

plication of ‘direct current in this' manner

nating current of the

proper characteristics

for use as ringing current. Another pair of

relays of the slow releasing type in a sim-

ilar’ circuit are employed to slowly ' inter-
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rupt a -circuit at a aniform rate..* These.
slow interruptions are utilized to ‘control a
busy. tone, circuit so that characteristic In--

terrupted busy tone may be supplied to a

distributing  point. ‘These slow interrup-.
tions are also utilized to control'a third pair.

of relays which-are arranged in such a cir-
cuit that two complete cycles of said slow
interruptions are utilized in energizing said
last pair of relays in all their possible com-

binations. These last
4 circnit at a periodic

-and this latter. circuit

application’ of ringing current in"what are.

relays in turn control
but non-uniform rate
is used to control the

known as the silent and ringing periods:
Other features including novel circuit de-
“tails will be more apparent as-the ~descrip-

tion progresses.:

In the accompanying drawing one eim-
bodiment of this: invention is diagrammat-
ically illustrated. Fig.1 represents a group

~of subscribers’ lines
making incoming and

with the ‘means for -
outgoing ‘connections.

to link circuits. ' Fig. 2 is a representation
of a link circuit.. S L

A station to station call.

Ti the drawings; three station lines are

shown”;w_hich, in the system, would be sta-:
‘tions'l, 2 and 9, here numbered 101, 102 and .
109 .vespectively.. Individual to each sta-
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tion line, there is'a line relay L, whose furie-

tion is to respond to outgoing calls from

‘the substation and'to- initiate circuit move-

ment for connecting the calling line to the

each'line is a cut-off relay. CO whose func-
ion is’ to r‘qspohd to. the selzure: of a line

on an-incoming call to cut-off‘the: line relay

-and prevent-the taking of an idle link cir-
cuit, as on_an outgoing “call. This relay
“also responds to the seizure of an idle link:

cireuit on an- outgoing call to cut-off the

Jine relay and remove the calling condition

set up by ‘said line relay. . Individual to

each link circuit there are's npumber of re-
lays whose functions are as follows: -~

Relay F operates to join a calling line to

Relay G operatés: ‘fo : Conileét: a lillk ‘_ci"r‘cuit

to a called:line. = -~

'Relay TD operates to connect the common
numerical leads from . the: counting relays

to the G relays of the link circuit whereby

a particular G relay is operated. =
~Relay P is an mpulse-responsive.- relay
and functions in the manner of the well-

known line relay; responding: to 1mpulses
propagated and transmitted from the sub-

station; and, supplies, through its windings,
talking battery for the ‘calling substation.
" Relay H- is a holding relay and: functions
as the first slow relay in the modern step-by-

step systems. 'This relay Temains energized

during the sending of impulses, although its
circuit is continually opened .for short in-

tervals during this time.. .-

~Relay FT isan a lotter Telay: When the

‘link circuit is idle, this relay is in' normal

position and in this condition renders the

Tink circuit selectable. ‘When the link cir-

“cuit is seized, this relay becomies energized
‘and transfers the selectable condition to the
next idle link ecircuit. It also functions to .

ut relay H under direct control of relay P.
Relay TK is a trunking relay. ‘When a

trunk, rather than a local ‘connection, is de-
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sired,  this relay, operates in. the, same man-
ner as the relay G and acts to cause a direct
connection between a calling line and an
idle trunk and to then restore the link cir-
cuit: to- nermal;

Relay ST is a stepping relay controlled:

by relay P to transmit the dial impulses to
the counting relays.

Relay ON is a test relay
on the busy
ing relays will either remain deenergized
or become energized,. thereby causing the
operation of a relay A associated. with. the
counting relays to remove the condition
which marks “the- counting' relays as idle.
When . the counting relays-are in use, relay
ON failsto operate thereby. preventing relay
ST from locking -and.performing its proper
functions. -

Relay TA. is-a slow-to-release. relay-eflec-
tively. responsive: to the: train. of impulses
transmitted. from the substation. At the
end. of, the last impulse, relay TA. deener-
gizes and extends a ground through the con-
tacts of relay: TC. to- energize relay TD
which,, in. turn,. causes the energization. of
a.particular relay. G.

‘Relay TC is. a: iast relay. indirectly con-
trolled by relay TA. Tis function is. to
conmnect: ground. from. the- contacts. of relay
TA after. it: hias- been. deenergized to the
winding of relay TID.. Tt also acts. to trans-
fer: a. locking ground from the back contact
of a-relay B associated; with. the counting
relays to. the back contaet of arrelay C also
associatect. with the counting. relays. The
function of relays A, B and. C will. be
brought out. hereinafter. .

Relay TB is directly responsive. ta. relay
TA and is:of the slow-to-relea se:type where-
by after the relay.-TA. is- deenergized,.relay
TB. still maintaing its- armatures. in its: at-
tracted position for an interval long enough
toicause the proper, energization: of ther re-
lay, TD.. '

Relay BT is a busy. test,relay, Tt cpert
ates when. the called’ line is-husy, cuts. off
the sleeve of the called line from relay, TR
and . transmits busy tone to the calling ‘line.
It. opens the circuit of: relay. ST to.prevent
any displacement. of’ the- apparatus;. should
the-calling subscriber attempt to. dial.again.
Relay BT also acts as:the. battery, feed sup-
ply coils for the.called; ine:

Relay TR is.a relay. respoensive to the idle
condition-of the called line. When BT fails
to operate TR. becomes energized:and opens
the circuit.of relay, ST, i this way perform-
ing the: same. function . as. that pointed. out
for-relay BT. Upen operation it marks. the
called line as husy..

Relay GO starts:the. ringing. interrupters
and connects the called.line to the ringing
leads:. This relay. is.short-civeuited by the
relay R when.it.in turn operates.:

and. depending;
or idle condition of the count..

1,586,527

Relay R is.the ringing relay. Upon the
operation: of 'relay GO, ritging current is
supplied through one of its windings to the
called line and, being a marginal relay, will
not-attraet its armatures until the subscriber
by taking his receiver off the hook, so 1e-
duces the resistance of the substation loop
that sufficient current will flow to cause the
energization of, this relay.  Thereupon,. ve-
lay R short circuits the windings of relay
GO andlocks itself in a local ciretit to main-
tain the. conversational - cireuit closed.

Relays Ay B .and C, which are common to
the-link. cireuits, have. the . following: func-
tions; -

Relay A:
link; circuits- to. indicate the idle condition
cfithe counting-relays. When the subseriber
removes his receiver from the hook and relay
E functions; if the counting. relays are idle

and he may therefore operate his dial sender,”

dial- tone will be. transmitted. from a back
contact of relay A to the calling subscriber.
Relay A. therefore also acts. to cut, off the
dial tone and the. operating battery from the
link circuits when. the counting  relays are
in use. . :

Relay. B.is a: slow-to-release relay whose
funetion:is to prevent the locking of relays
ST should, a.called. subscriber fajl. to notice
the:absence of.dial tone.

Relay. C cooperates. with relay, ST. Tt
cuts off the holding ground. from relay ST
so. that upon. the-end. of. the impulse;. relay
ST. will be deenergized. Relay C functions
to operate, the counting relays..

The actions and. interactions of these. re-

lays will be mare apparent from:a deserip-

tion: of. the: establishment. of g station to
station call. —

When:the subscriber. at. substation 101 ye-
moves his receiver from its switchhiook, line
relay. 201. hecomes -energized through a. cir-
cuit.incliiding battery, winding of relay 201,
inner. armature. and: back . contact. of relay
203, the:loop. of substation 101, back contact
and . outer armature. of relay 203 to ground.
Relay, 201 attracts its. armatures and extends
a. circuit. from battery, winding of ‘relay 208,
baek contact and inner right-hand armature
of ‘relay 207, front contact and inner right-
hand® armature of relay. 208: ( assuming the
first. ink cireuit to be in use), conduetor
210, contact. and. armature 211 of relay 201,
back. contact. and outer. left-hand armature
of. relay 203 to. ground.. Relay 206 is ener-
gized in this cireuit. ‘

The emergization: of relay. 201 also closes
a.cireuit from ground, outer loft-h and.arma-
ture and back contact of relay. 203, armature
211 and its associated.contact of relay 201,
contact. and . armature 214 of relay 201, left-
hand winding of relay. 212, conductor 2183,
back: contact and outer left-hand armature
of relay. 207, front. contact and outer - left-
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hand armature of relay 208.to battery. Re-

919 is energized in -this- circuit and

lay
three left-hand armatures, con-

through its

nects the calling line 101 to the link cireuit
400.. As soon as relay 212 is energized a.
is extended from the right-hand ar-

ground
mature of relay 206, normal contacts of the

inner left-hand armature of relay 215, outer
eft-hand armature and front '

v contact of re-
lay 212 winding of cut off relay 203 to bat-
tery. Relay 203 becomes energized and cuts

‘off the line relay 201 which in turn becomes

deenergized. - The loop of the calling sub-
station now causes the energization of relay
916 whereupon ‘a ‘circuit is extended -from
ground, winding of relay 401, conductor 214,
Teft-hand armature and contact of relay 216,
inner right-hand armature and back contact
of relay 215, left-hand ‘winding of relay 207
to battery. Relay 207 is energized in this
circuit and
mature and its. outer: left-hand armature,

‘extends the starting wires to the next idle:
link circuit in the same manner as relay 208

which through its energization extended the
starting wires to:the link circuit 400; - The
ground for operating relay 907 is extended
through the inner left-hand armature and
front contact of relay 207 to the winding of
relay 206 whereby relay 206 'is  put under

the direct control of relay 216. Relays 206 -

and 207 being now energized, a. circuit is
extended from ground, the outer right-hand
armature and front contact of relay 207, left-
hand armature and front contact of ‘relay
206 to the right-hand winding of relay 207
so that relay 207 remains energized as long

as the holding relay 206 is encrgized.-

Through the outer right-hand armature of
relay 207 and the left-hand armature of re-
lay 206, ground is placed: on conductor 402
thence through the outer left-hand armature
and back contact of relay 403, the back con-
tact and inner left-hand armature of relay
404, to the left-hand winding of relay 405.

The left-hand winding of relay: 405, how-

ever, is short-circuited at this time due-to a

~ connection from ground, the right-hand ar-

50

mature and front contact of relay 216, con-

ductor 406 to the winding of relay 405.  The.

resistance 407 prevents. the short-circuiting
of the battery. ' TR e

" Since the left-hand winding of"r.el;),y_ 207

60

- the conduector 409,:a tone.
extends over the con-

85

of relay 206 are-supplied

and . the winding

with current flowing through the winding:

of velay 401, this latter relay is energized
and,

gization of relay 408 ‘which, because its cir-

cuit is made through its back contact and
‘armature, 18 alternately energized and de-

energized so that it buzzes and sets up on
This tone is used
as a dial tone and
ductor 409, through
outer” left-hand armature

the condenser 410, the

through its inner right-hand ar-.

front contact of relay
“on conductor 402.
ergized, and through its left-hand winding,

“ductor - 402. v
from the ground on the left-hand winding
‘of relay

“hand:

through its armature, causes the ener- “ductor 418 thence to ‘the winding of relay.

of relay 411, conductor 412, back contact and
outer right-hand armature

of relay 419, the

right-hand winding of relay 404 to battery.

the main conductors of Jink circuit 400,

“this dial tone is transmitted to the Calling'

substation 101. - The connection is now 1n a

8

By the inductive relation of the two wind-
ings of relay 404 and their connection to i

stable condition awaiting the sending of -

series of impulses from the calling substa-

tilon. oo

L

5

Let it be ._assum‘ve‘dv that the subscribéija,t ‘

substation 101 ‘wishes to establish. a-connec-

nipulates his -dial to send a series of two
impulses which are in the form of two short
interruptions of his line circuit. * Relay 216

-responds to this by retracting its armatures

twice in quick succession and finally moving

“them to the attracted position where they re- E
‘main until' the end of the: conversation.

Upon the first retraction of ‘the armatures

‘tion to -substation 102. He thereupon ma-

of relay 216, the ground is removed from
the conductor 406 ‘whereupon relay 405 be-

comes energized and. attracts its armatures.

Relay 405 locks up in. a circtit including

‘battery, the right-hand winding of relay 403
' front contact and inner right-hand armature

of relay 405, normal contacts of the inner

left-hand armature of relay 422, conductor
416 back contact and left-hand armature of
‘relay

490.. Immediately a circuit is estab-

90

95 ..

Tished from battery, the. right-hand arma--

_ture and back-contact of relay 411, conduc-

tor 414, right-hand winding of relay 419,
nortal contacts 'of the left-hand armature.
“of relay 421, outer right-hand armature and

405 to the ground
Relay 419 becomes en-
and inner left-hand armature
locks to the ground on:con:
‘A cireuit - is now established

front contact
of relay 419

405 through the front contact: and
outer right-hand armature of relay 405,
outer left-hand )
of relay 419, winding of relay 421 to 'bat-
tery and ground. - Relay 491 becomes ‘ener-
gized in this circuit and attracts its ‘arma-

tures. - Thereupon 'a circuit is established -
_from  ground, the -alternate contact and
right-hand ' armature of relay 421 to: the

winding of relay 423. Relay 423 is ener-
gized in- this:circuit. Through its right-
armature it places a: ground on con-

411 to battery, whereby relay 411 is ‘ener-
gized. - The energization of relay 411
through the movement of ‘its right-hand ar-
mature -cuts ~off the operating. battery
through the conductor 414 whereby relays
ON of othér Jink circuits may not be ‘ener-

‘eized until the counting relays have become

and back contactidle. .

100
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By its Ieft-hand. armature, relay- 423
places a ground on the winding of relay 492
which operates, whereby ' the circuit - pre-
viously described for the- locking- of relay
405 1s now replaced by a cirenit extending
from: ground; the leff-hand armature and
back: contact of relay 424, conductor 417,
inner. left-hand armature and alternate con-
tact of relay 4922, inner right-hand armature
and’ front contact of relay 405, and right-
hand winding of relay 405 to battery.. A
cirevit is-now estab'ished from battery, the
winding: of: velay 424, conductor 415, front
contaet and: inner right-hand' armature of
relay 419, left-hand armature and alternate
contact.of relay 421, outer right-hand arma-
ture: and {front. contact of relay 405 to:the
ground-supplied over conductor 402 for: the
left-hand winding of velay 405. This causes
the: energization of. relay 494 whereby the
locking: ground for the right-hand winding
of relay 405 is removed. ‘

Through its right-hand armature, relay
424 places-a ground on conductor 495 which
extends through the normal contacts of the
inmer right-hand armature: of relay 217 to
the winding of relay 217. However, through
the encrgization of relay 411 and the attrac-
tion of its inmer lefi-hand armature, a
groune: is placed on the conductor 426 and
thenee: to-the other side of the winding: of
relay. 217, Hence relay 217 is shortscirewited
at this time. '

Relay 216 now attracts-its armatures-and
through its right-hand armature and- front
contaet: again short-circuits: the- left-hand
winding of- relay 405 and: since : the right-
hand: winding no longer has a holding
ground; relay 405 retracts. its. armatures.
Thercupon:the ground. for-energizing- relay
424 is.removed and a circuit is established
from battery, the winding of relay 424; the
fronti contact and’! right:hand armature of
relay 424/ conductor 495, normal contac. of
the. inmer: right-hand armature of: relay 217,
winding ‘of relay. 217,. conductor 428, inner
left-hand armature-and front: contact of re-
lay-411, conductor 418; right-hand armature
and. front contact ofi relay 423 to ground.
Relay 217 attencts  its: armatures and
through its innerrright-hand- armature: and
alternate contact:locks up-to the battery con-
nected to.conduetor: 218 The movement of
the: armatures of relay 217 opens:the circuit

* just:described: for relay 424 whereby it be-

comes: deenergized. The retraction of its
armatures by relay 405,.opens a cireuit for
relay 421! but since this: is a slow-to-release
relay, it:does not retract: its armatures until
after the whole series of impulses have been
sent. . When: relay 216 again: retraets  its
armatures on:the second: interruption of the:
line circuit by removing the short-cirouit
from around the left-hand- winding of re-
lay 405, relay 216 again causes the energiza. -

1,586,527

tion of relay 405. Again relay. 424 is ener-
gized and; in: a:similar. manmer; establishes
a short-circuit: around the- winding of: relay
219: When relay 216 altracts its. armatures
at: the end of the: series of impulses, relay
405" 1s- short-circuited: as before. and. the
ground is again removed fiom conduetor. 415
by: the movement of the outer right-hand
armature of relay 405. Counting relay 219
10w becomes energized in series with relay
424, and ‘through the movement of its ArTILR-
tures deenergizes. relay 424 at the same time
loeking up to battery and. conductor 218..

It will thus be seen that two interruptions
representing the digit 2-will cause tlie emer:
gization of the first two counting relays.217
and 219ys0 that the ground will he extended
from:the left-hand armature and back con-
tact of thie last counting relay 221; the left-
hand armature and back contact of themext
counting relay 220 and so om until.it reaches
the left armature and front contact of" the
last counting relay to e operated, that: is,
relay:219, where the ground'swill be extended
through: the front: contact to -conductor 229,
In a short interval of time, relay 223 will
be energized whereupon conductor: 292 will
be:extended through the armature 224: and
front:contact ofirelay 223 to the winding of
relay:. 2925, »

Upon. the vetraction of its armatures by
relay 405, the circuit for relay 4921 is per+
manently opened whereby after a short: in-
terval relay 421 becomes deenergized:. A-cir
cuit is- then' established: from ground, . the
normal contaets of the right-hand armature
of relay 421; the outer-left-land armature
and: front contact of: relay 429; conductor
427, winding of relay 223 to battery, where-
by relay 223 is energized with the resultant
energization of relay 225 as just deseribed.

Let. it be assumed: that' substation 102 1s
at: this time busy. A: ground o the third
wire will then- be: connected through tlhe
outer- left-hand. armature of relay 225 to
eonductor 428, the right-hand ‘armature and
alternate - contact of relay: 422, the outer
right-hand’ armaturve and front contact of
relay 419, the right-hand winding of relay
404 to battery. Relay 404.becomes energized
in thisreireuit:. A: short interval after relay
421 has become deerergized,. relay- 493 pe-
tracts its armatures resulting in. the deen-
ergization of relay 492 and the deenergiza-
tion of relay 411 whereby velay 228 and the
counting-relays are restored to hormal, re-
lay 225 having locked up through:its right-
hand armatwre and contact to ground at the
rightshand armature of relay 206.

A source of-busy tone 429 is now connected
through the back. contact and outer right-
hand armature of retay 403, the front contact
and middle left-hand armature of relay 404,
the léwer wormal contacts of the right-hand
armature-of relay 492, the. front:contact and
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~ outer
the winding of relay 404, -whereby: through-
‘the ‘inductive relation of the two windings

" comes
a short interruption, the-circuit including the

‘left-hand armature and front contact of re-.
916, the inner right-hand armature and.

10

15’

© relay. 207 ‘and it becomes deenergized. :

20:

25

. zation. of relay

30

become energized in
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right-hand armature of relay 419 to

of relay 404, busy tone.is transmitted to the
calling subscriber’s station. e

The calling subscriber now replaces his
receiver on its hook whereby relay 216 be-
deenergized. - Since this is more than

lay
back contact of relay 215, the inner left-hand
armature and-front contact of relay 207, the
winding of relay 206, is broken so that relay

906 becomes deenergized. Thus, the ground -

is removed from the right-hand winding of
‘ The

ground being removed from conductor 402,

relay

removes the ground for holding re-
919, and 203 whereupon -the con-
entirely restored to. normal.

mature,
lays 225,
nection’ 18

comes deenergized the circuit for the energi-

grounded lead 222 to relay 295, is established

the winding of relay 204,
tact of relay 225, conductor 428, right-hand

armature and alternate contact of relay 422,
- ‘outer right-hand
. 85¢

armature and front contact
of relay 419, right-hand winding of relay
404 to battery, but neither relay 204 nor 404

“in_ turn relay: 422 . becomes - deenergized.

40:

4

_ both relays 204 and 403 whereupon relay -

50

~hand armature and back ‘
431 :to battery. . Relay 430 becomes’ ener-
- gized and through its inner. left-hand -arma-: to-
" in this circuit and connects the ground on"

60

65

left-hand armature

Thereupon this -circuit. is changed tolead

now through the upper normal contact. of the
right-hand armature of relay 422, the outer

to ground. This causes the energization of

204 is energized directly from the ground on

conductor 402 ‘through the outer left-hand
- armature and front contact of reldy 403 to .
‘conductor 4928, relay 403 in the meantime
‘having -locked up

through its right-hand
winding, inner armature and front ‘contact

to conductor 429, the normal contact of the
“inner left-hand armature of relay 215, front.
55

contact: and right-hand armature of relay
906 to ground. The ground on the right-

“hand armature of relay 408 is also extended

through the winding of relay 430, the left-

tare and front contact places ground on-con-
ductor 432 which:extends to the winding of

relay 433, and thence to battery whereby re--
ay 433?3»becomes-:’.enelfgized and " starts the

419 becomes deenergized and relay 206

9 bec ized 2 )6 -energized.
by opening its contact.at its right-hand ar-

'993 which .conneets the:

this circuit. In a short
interval, relay 423 becomes deenergized and -

, and back contact of re-
lay 404, the left-hand. winding of relay 403’

relay

-contact of relay

ringing relays as will be pointed out herein- "
after. This places ringing current on ‘con:"

‘ductors 434 and 435. A ringing circuit is-
now established from ground, conductor 435,
“front contact and outer ‘left-hand armature-

of relay 430, front contact and’ inner- left-:

hand armature. of relay 403, through ‘the -
ubstation, front:contact -

loop of the called s
and right-hand armature of relay 430, right-"
hand winding of relay 431, conductor 434 to
the other terminal of the:source of ringing
current. Ringing current flowing 'in this:

circuit is insufficient to cause the energiza-:
tion of
removes his receiver from its hook. "At that
time, relay 431 becomes energized and- by
moving its left-hand armature, short circuits
the winding of :
Relay 431 establishes a locking
ciremit through the left-hand winding of re-
lay 431, left-hand armature and front con-

relay 481 until the called subscriber -

0

80

relay 480 which becomes de-- -

88

tact of relay 431 to the ground on conductor:

tablished, G S
Talking battery is supplied to the ‘calling: -
line through the windings of relay 216 and:

429, “'The conversational circuit is now es- -
Let it be assumed- that substation 102 1s- e = Con e
‘idle. Therefore, as soon as relay 421 be-

to the called line through the windings of '

whether: relay 404 becomes energized or not
as the movement of:its armatures is without
effect. - R e
- At the end of the conversation when the
calling subscriber replaces his receiver on its

‘hook, relay 216 becomes deenergized and the

connection is restored to normal in the man-
ner described. ' o A e

“Busy tone cmd ringing qircuits; S

‘relay 404.  Ttis immaterial at this “time?
" ag before. ‘A circuit will now be established © ‘
‘through battery,
the outer. left-hand armature and. front con-

05

100

- The operation of the busy tone'and ringing

cireuits will now be described. 'When relay

401 becomes- energized as before described, -
“relay 408 is caused to buzz, placing on con-
ductor 409 a tone which may be transmitted:

steadily through condenser 410 as a dial tone
to the calling subscribers and which may also’
be transmitted through condenser 486 to the:

former and thence through the back contact -
and left-hand armature of relay 438 to a’
ground on conductor 441 which may be sup-:
plied either at the contact and armature of -

105"

110"

primary winding 437 of the busy tone trans-: -

115

439 or at the contact and left-hand ar- :

mature of relay 433. Relays 438 and 440 are’

operated by this ground to alternately open’

‘and close the circuit of the primary winding-
“When ground:

437 in the following manner:
is placed on ‘conductor 441, it 'is extended

through the right-hand armature and: back
contact of relay 438 through the winding of’
relay 440, thence through the resistance 442
to - battery.  Relay 440 'becomes energized

120°

;‘12‘5 N

conductor 441 through: the left-hand arma- .

ture and front contact of relay 440 through -

the winding of relay 438, thence through the™

1307
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~ergized in this cireuit. When-relay 440 be-

<

3

&

40

45

50

55

a

resistance-443.to- battery.  The -energization
of -relay 438.opens the circuit for relay 440
whereby after a short interval.it' becomes. de-
energized. "The retraction. of its armatnres
by.relay 440.in turn opens. the cireuit for re-
lay 438 -whereby after a short Interval it
becomes deenergized. Thereupon the circuit
for- the energization of relay 440 is again
established . and so on. It will.thus; be seen
‘that relays 438 and 440 are alternately ener-
gized and. deenergized: and tbeing slow-to-re-
lease relays, the vesultant action is a.slow
making and breaking of-the ¢ircuit .includ-
ing the primary winding of transformer-437.

Thus the source of busy tone 499 is.made

periodically -effective.

The .ground on -conductor 441, placed
there .by the left-hand -armature -of -relay
433, may be :periodically - extended through
‘the right-hand armature and back -contact
of irelay 440, the outer right-hand armature
and front-centaet. of relay 433 to conductor
444. From therce it is extended through
the right-hand armature and back -contact
.of :rélay 445,.the winding of -relay- 446, . the
back contacts.and inner-left-hand armature
of relay 445 to battery. Relay 446 .is.en-

comes :energized, -the .ground .is "removed
from conduetor 444 whereupon a cireuit \is
established from battery, the inner left-hand
armature andiback- contact of relay 445 the
winding of relay 446, front :contact and
right-hand -armature of ‘Telay 446, the left-
‘hand winding of relay 445 to-ground. The
current in this circuit causes the . energiza-
tion of relay 445, whereypon the right-hand
winding of relay 445'is now included in the
cirenit just traced. When -relay 440 again
sbecomes deenergized,  ground - from vconduc-
tor 441 .is.connected to:conductor 444 .and
thence-through the front contact and right-
hand armature of relay 445, the right-hand
winding .of -relay 445 -to battery. The
:ground - connected :at -this point eauses .the
short-circuiting: of the left-hand ‘winding of
relay 445:and the winding.of relay 446. Re-
lay 446 becomes deenergized. - In g -shoxt
interval:relay 440 again becomes. energized.
Thereupon:the ground is-remaved from eon-
ductor 444 which results-in the .deenergiza-
tion of relay 445. Tt will thus be-seen that
the pair of welays 445, and 446 cogperate to
close-the left-hand armature and front +€OR-

.itact-of ivelay 446, once for-every two:move-

ments iof the armature of relay 440. 'In
other.words, the movement of. the pair-of:re-
lays 445 .and 446
ment -of .the \pair . of relays 438 and 440,
The pair of relays 445 .and 446 iis used to

periodically ; place. battery throngh the outer.

left-hand arméture and back. contact of re-
lay 445, ‘the left-hand armature and front
contact.of relay 446, through:conductor. 447
:80 that. current will flow through-either the

- Which . .the

-energized, in:turn

dshalf as fast as-the.move-. -

1;586;527-

right<lvand or left-hand ‘primary -windings
of -the .source of Tinging current 448 to the
outer left-hand -armature .and contacts of
relay 449, the front contact and inner right-
hand armature of relay-433 to.ground. This
battery - connection to conductor 447 is.thus
made- only when relay 446 ig energized -and
relay 445 is deenergized and. since this con-
dition obtains only once: during-every other
closure of the right-hand -armature and
back contact of reiay 440, the.ringing period

70

75

will:be one third as long asithe silent peried,

In other words the pair of relays 438:and
440 -constitute a ‘primary interrupter ar-
rangement. delivering impulses in . eycles in
circuit closures and the . cirenit
bredks are uniform in duration and this-de-
vice - controls a secondary _interrnpter de-
vice, comprising rélays 445 and 446, rwhich
delivers’impulses in cyeles:in which: the cir-
cuit closures and the cireuit breaks arve non-
uniform :in duration and of a lower fre-
quency: than ‘the impulses delivered: by the
said ;primary interrupter. deviee. The pair
of relays 449 and 450 aet in exactly:the same
manaer asthe pair of welays 438 and 440,
Both being 1fast rélays, ‘their vibration is
fast-enough to causeithe enrrents flowing in
the primary windings of ithe transforter
448 to.set up an. alternating current of . the
proper frequency for ‘TINGING -purposes in
the seeondary windings of the:transformor
448,

Thus, when a relay such as 430 becomes
causing ‘the rélay 433 to
become energized, rthe ringing relays are
started .and a ‘source of ringing current is
placed.on conductors 434 and 445, “‘When a
called line.has been 1foun'd;busy, -@:.circuit is
established :from . ground, windmg ‘of relay
401, ‘winding - of ‘relay 439, :secondary of
transformer 429, -confuctor 451, back con-
tact and -outer right-hand .armature -0f re-
lay 403, front contact and: middle left:hand
armatiure -of welay 404, lower normal .con-
tacts of irelay 499, front contact and -outer
right-hand armature  of ‘relay 419, right-
hand winding of relay 404-to'battery. - This
causes tlecenergization. of relay 401 and 439
wlereby a2 source:of: busy ‘tone 429-is made
effective .and through:the inductive relation
of ithe windings cof ‘relay 404 thusy . tone :is
transmitted sto the calling :sitbscriber:

A-system of this-character: maythe:adapt-
ed for trunk.connections ith ‘central -office
equipment " as : disclosed in the “above men-
tioned . Patent 1,507,116 ‘gramted “September
2,1924, o R :

What is claimed iis: : E

1. In ‘astelephone system, an interrupting
deviee: comprising = :pziir:ofareba'ys:armnged

- n 4 -clredit with-means eontrolled thy weach

relay forcontrolling:the :other, whereby:said
relayscoperate iperiodically :and antomsatiesl-

1y, and dnterrupting veontacts .controlled by

‘80 °
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said relays, ; : ‘
in a circuit including said contacts whereby

two successive closures and openings of said.

contacts will cause said other pair of re-
lays to be successively actuated in all possi-
ble combinations and a circuit periodically
controlled by said second pair of relays.
9.'In a telephone system, an interrupting
device comprising a pair of relays arranged
in a circuit with-

said relays operate periodically and : auto-
matically, and interrupting contacts con-
trolled by said relays, at a uniform rate, an-
other pair of relays arranged in a circuit in-

cluding said contacts whereby two succes-.

~ sive closures and openings of said contacts

20

~comprising a ringing current generator and
_an interrupting device,

25

30

40

will cause said otlier pair of relays to be suc--
_cessively actuated in all possible ¢ombina-
tions and contacts controlled by said other

pair of relays in non-uniform periods.
3. In a telephone system, a ringing device

device comprising a pair of relays arranged
in a cireuit, with means controlled by each
relay for controlling the other, whereby said
relays operate periodically and automati-
cally, and
by said relays, another pair of relays ar-
ranged in a circuit including said contacts
whereby two successive closures- and open-
ings of said contacts will cause said. other

pair of relays to be successively actuated in:
all possible combinations: and a circuit in-

cluding said ringing current gemerator pe-

riodically controlled by said second pair of .

relays. . ‘ —
4. In a telephone system, a ringing “de-

vice, comprising a ringing current genera--
said inter- .
rupting device comprising a pair of relays

tor and an interrupting device,

another pair of relays arranged -

" means controlled by each -
relay for controlling the other, whereby

‘each relay
“cally and automatically,

‘said  interrupting

interrupting contacts controlled:

arranged in a circuit with means ‘controlled
by each relay for controlling the  other,
whereby said relays periodically and auto-
matically at a uniform rate and interrupt-

ing contacts controlled by said velays, an-
other pair of relays arranged in a -cireuit
- including said contacts whereby two succes-
sive closures and openings of said contacts

will cause said other pair of relays to be

successively ‘actuated in all possible’ combi-
‘nations and a circuit including said ringing -
“current generator’ controlled by said second

pair of relays in non-uniform periods.

45

50

1)

5. In a telephone system, a ringing device -

comprising a ringing
an’ interrupting device,

transformer, said relays being ar-
a cireuit with means controlled by

ranged in
for controlling the circuit of the

current generator and .
said ringing. current -
‘generator comprising an arrangement of re-

Tays and a 6o

other, whereby. said relays operate periodi- .

said relays control-
ling a switching device for alternately en-
ergizing different windings of said trans-

65 .

former, said interrupting device compris-~ . -
ing a pair of relays arranged in a circuit. .

with “means controlled by each relay for

controlling the other, whereby said relays
operate periodically and automatically and
interrupting contacts controlled by said re-
lays,’ :

be successively actuated in all possible com-
binations and a circuit including said trans-
former windings periodically- controlled by
said second pair of relays.
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another -pair of relays arranged in a - -
‘circuit including said: contacts whereby two

successive closures and openings of said con- .
tacts will cause said other pair of relays to

- In witness whereof, I hereunto’ subscribe .
my name this 25th day of September A. D.-



