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The present invention relates to signaling sys-
tems and more particularly to repeater circuits
for automatic telephone systems.

In a conventional automatic telephone system
including a plurality of exchanges, repeater cir-
cuits are frequently provided in the exchanges in
order to terminate the trunks extending there-
between and to insure proper impulse trans-
mission and supervisory control over the trunks,
In setting up an interexchange connection in an
automatic telephone system of the type noted,
subscriber controlled automatic switching appa-
ratus in the calling exchange is operated to seize
the repeater circuit terminating one end of an
idle trunk extending to the called exchange and
to transmit a number of digits thereto. The
last-mentioned repeater circuit responds to the
digits transmitted thereto and repeats corre-
sponding digits over the trunk to the repeater
circuit in the called exchange terminating the
other end of the trunk. The last-mentioned
repeater circuit responds to the digits trans-
mitted over the trunk and repeats corresponding
digits to automatic switching apparatus in the
called exchange, thereby selectively to control
the operation of the last-mentioned switching
apparatus. Each of the digits repeated by the
repeater circuit in the ealling exchange over the
trunk to the repeater circuit in the called ex-
change is in the form of a series of impulses
comprising a number of individual impulses cor-
responding to the numerical value of the particu-
lar digit.

While a repeater arrangement of the type de-
scribed is entirely satisfactory in operation as
long as the associated trunk is in good circuit
condition, it fails entirely when the trunk is sub-
jected to certain types of common faults. For
example, the presence of g high resistive, capaci-
tive or inductive fault on the trunk effectively
blocks the transmission of impulses thereover or
so distorts the wave form of the impulses trans-
mitted thereover that the repeater circuit in the
called exchange does not faithfully follow the
impuises transmitted over the trunk.

Accordingly it is an object of the present in-
vention to provide in a signaling system an im-
proved repeater circuit arrangement, wherein a
digit is transmitted from one repeater circuit over
a trunk to another repeater circuit in such form
that it is not appreciably affected by faulty elec-
trical conditions of the trunk disposed within an
extremely wide range.

Another object of the invention is to provide
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an improved repeater circuit of the type noted,
wherein the transmission of a variable digit over
the associated trunk is based primarily upon a
variable time control of a basic alteration in the
electrical circuit condition of the trunk, rather
than being based upon a variable number of rapid
alterations in the electrical circuit condition of
the trunk.

Another object of the invention is to provide
an improved repeater circuit of the type noted,
wherein a variable digit is transmitted over the
associated trunk in the form of a single impulse
of variable time duration.

A further object of the invention is to provide
in a telephone system a repeater circuit of the
type noted which embodies an improved super-
visory control arrangement utilizing a simplified
circuit network.

A further object of the invention is to provide
in a telephone system a repeater circuit arrange-
ment, including an improved repeater, which
comprises means for receiving a variable series of
impulses and means controlled by the receiving
means for transmitting a single impulse of a cor-
responding variable time duration.

A further object of the invention is to provide
in g telephone system a repeater circuit arrange-
ment, including an improved repeater, which
comprises means for receiving a single impulse
of variable time duration and means controlled
by the receiving means for transmitting a cor-
responding variable series of impulses.

A still further object of the invention is to
provide in a telephone system a repeater circuit
arrangement, including an improved two-way
repeater, which comprises means for receiving a
variable series of impulses and for transmitting a
single impulse of a corresponding variable time
duration and means for receiving a single im-
pulse of variable time duration and for trans-
mitting a corresponding variable series of im-
pulses.

Further features of the invention pertain to
the particular arrangement of the circuit ele-
ments of the telephone system, whereby the
above-outlined and additional operating fea~
tures are attained.

The invention, both as to its organization and
method of operation, together with further ob-
jects and advantages thereof, will best be un-
derstood by reference to the following specifica-
tion taken in connection with the accompanying
drawings, in which Figs. 1 to 4, inclusive, taken
together, illustrate diagrammatically one form of
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a telephone system embodying the present in-
vention; Figs. 1 to 4, inclusive, of the drawings
being arranged horizontally end to end in nu-
merical order,

Referring now more particularly to Figs. 1 to

4, inclusive, of the drawings there is illustrated a
telephone system comprising two exchanges 100
and 400 of the automatic type and intercon-
nected by a group of two-way trunks including
the trunk 10. Each of the exchanges terminates
a plurality of subscriber lines extending to sub-
scriber substations; the exchanges 100 and 400
respectively terminating the subscriber lines {01
and 401 respectively extending to the subscriber
substations X and Y. Also each exchange com-
prises subscriber controlled automatic switching
apparatus for setting up the various local and
trunk connections. In exchange 108 the switch-
ing apparatus comprises a plurality of line
switches individual to the subscriber lines termi-
nating thereat, the line switch 182 being indi-
vidual to the subscriber line 101, a plurality of
selectors including the selector 104, a plurality of
connectors including the connector 107, and a
group of incoming selectors including the incom-
ing selector 105. Similarly, in exchange 468, the
switching apparatus comprises & plurality of line
switches individual to the subscriber lines ter-
minating thereat, the line switch 402 being indi-
vidual to the subscriber line 401, a plurality of
selectors including the selector 404, a plurality of
connectors including the connector 487, and a
group of incoming selectors including the incom-
ing selector 405,
- The opposite ends of each trunk in the group
extending between exchange 1080 and exchange
400 terminate in repeaters respectively disposed
in the exchanges mentioned. For example, one
end of the trunk 10 terminates in the repeater
110 disposed in exchange 100 and the other end
of the trunk 10 terminates in the repeater 410
disposed in exchange 400, In exchange 100 the
incoming selectors in the group are individual
to the repeaters in the group; for example, the
incoming selector 1056 is individual to the repeat-
er 119 and is normally connected thereto by way
of a trunk [i5. Similarly, in exchange 400, the
incoming selectors in the group are individual to
the repeaters in the group; for example, the in-
coming selector 405 is individual to the repeater
418 and is normally connected thereto by way of
a trunk 415.

In exchange 100 the line switch 182 has access
to a trunk 103 extending to the selector 104; the
selector 104 has access to a trunk (06 extending
to the connector 107 and to a trunk fi! extend-
ing to the repeater 110; the incoming selector 185
has access to the trunk 106 extending to ‘the
connector 107; and the connector 107 has access
to a group of subscriber lines including the sub-
seriber line 101. Similarly, in exchange 460, the
line switch 402 has access to a trunk 403 extend-
ing to the selector 404; the selector 404 has ac-
cess to a trunk 408 extending to the connector

407 and to a trunk 411 extending to the repeater -

410; the incoming selector 405 has access to the
trunk 406 extending to the connector 487; and
the connector 407 has access to a group of sub-
seriber lines including the subscriber line 401.
Preferably, in exchanges 1060 and 480, each
subsecriber substation X, Y etc. comprises con-
ventional substation apparatus including a tele-
phone instrument and a ringer and a calling de-
vice or impulse transmitter of the dial type; each
of the line switches 102, 402 efc. is of conven-
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tional connection and arrangement; each of the
selectors 104, 404 etc. and each of the connectors
107, 407 etc. and each of the incoming selectors
165, 405 etc. are of the corresponding conven-
tional Strowger types.

Preferably, in exchanges 100 and 460, the re-
peaters 110, 410 etc. are identical and are of the
connection and arrangement illustrated. More
particularly, the repeater 110 comprises a mark
switeh 200 of the minor type including a bridging
wiper 201 provided with an individually associ-
ated contact bank, a rotary magnet M202 for
driving the wiper 201 step by step in the clock-
wise direction away from its normal rotary posi-
tion, a release magnet M203 for releasing the
wiper 2001 and for causing it to be returned to
its normal rotary position, and a set of switch
springs S205 which is actuated when the wiper
201 is driven away from its normal rotary: posi-
tion. Also the repeater (10 comprises ‘a-'send
switch 210 of the rotary type including two wip-
ers 211 and 242 provided with individually asso-
ciated contact banks, and a clutch mechanism
213 provided with a go magnet M2{4 and a stop
magnet M215. Preferably, the clutch mecha-
nism 213 is of the construction and arrangement
of that disclosed in U. 8. Patent No. 2,222,131,
Bernard D. Willis, granted November 19, 1940;
which clutch mechanism comprises a driving

shaft, not shown, which is constantly rotated at -

a fixed predetermined speed, a driven shaft to
which the wipers 211 and 212 are connected, and
a pair of clutch plates carried by the shafts men-
tioned. Further the repeater (10 comprises a
receive mechanism 220 including a commutator
221 associated with a wiper 222, and clutch
mechanism 223 provided with a go magnet M224
and a stop magnet M225. Preferably, the clutch
mechanism 223 is of the construction and ar-
rangement of that disclosed in the Willis patent
mentioned; which clutch mechanism comprises
a driving shaft, not shown, which is constantly
rotated at a fixed predetermined speed, a driven
shaft to which the commutator 221 is connected,
and a pair of clutch plates carried by the shafts
mentioned. Finally the repeater (10 comprises
a transformer 230 including the windings 231,
232, 233 and 234; a relay group including a se-
ries relay R{20, a hold relay RI130, a line relay
RI140, a battery reverse relay RI50, an answer
relay RI160, a cutoff relay RI10, a trunk pulse
relay R180, a bridge relay R240, a switch pulse
relay R245, an impulse relay R250, two control
relays R256 and R260, a polar relay R265, a
seizure relay R270, a charge relay R275, a stop

‘relay R280, and a go relay R290; and a control
network connected and arranged in a manner

miore.fully described hereinafter.
Similarly, the repeater 410 comprises a mark

-switeh 300 of the minor type, including a bridg-
‘ing ‘wiper 301 provided with an individually as-
‘sociated contact bank, a rotary magnet M302

for driving the wiper 301 step by step in the coun-
terclockwise direction away from its normal ro-
tary position, a release magnet M303 for releas-
ing the wiper 301 and for causing it to be re-
turned to its normal rotary position, and a set
of switch springs S305 which is actuated when
the wiper 3081 is driven away from its nor-
mal rotary position. Also the repeater 410 com-
prises a send switch 310 of the rotary type in-
cluding two wipers 31f and 312 provided with
individually associated contact banks, and clutch
mechanism 313 provided with a go magnet M314
and a stop magnet M315. Preferably, the clutch




2,360,206

mechanism 313 is of the construction and ar-
rangement of that disclosed in the Willis patent
mentioned; which clutch mechanism comprises a
driving shaft, not shown, which is constantly
rotated at a fixed predetermined speed, a driven
shaft to which the wipers 3f1 and 312 are con-
nected, and a pair of clutch plates carried by
the shafts mentioned. Further the repeater 419
comprises a receiver mechanism 320 including a
commutator 321 associated with a wiper 322, and
clutch mechanism 323 provided with a go magnet
M324 and a stop magnet M325. Preferably, the
clutch mechanism 323 is of the construction and
arrangement of that disclosed in the Willis pat-
ent mentioned; which clutch mechanism com-
prises a driving shaft, not shown, which is con-
stantly rotated at a fixed predetermined speed,
a driven shaft to which the commutator 321 is
connected, and a pair of clutch plates carried
by the shafts mentioned. Finally the repeater
410 comprises a transformer 330 including the
windings 331, 332, 333 and 334; a relay group
including a series relay R420, a hold relay R430,
a line relay R440, a battery reverse relay RA450,
an answer relay R460, a cutoff relay R470, a trunk
pulse relay R480, a bridge relay R348, a switch
pulse relay R345, an impulse relay R350, two
control relays R355 and R360, a polar relay R355,
a seizure relay R310, a charge relay R315, a
stop relay R380, and a go relay R398; and a
control network connected and arranged in a
manner more fully described hereinafter.

In exchange 100, local calls are set up be-
tween the various subscriber substations in ac-
cordance with conventional practice; for exam-
ple, a local call might be set up from the call-
ing subscriber substation X by way of the line
switch 102, the selector {04 and the connecior
{07 to the called subscriber substation; subse-
quently, this call might be released under the
control of the subscriber at the calling subscriber
substation X, Similarly, in exchange 408, local
calls are set up between the various subscriber
substations in accordance with conventional
practice; for example, a local call might be set
up from the ealling subscriber substation ¥ by
way of the line switch 402, the selector 404 and
the connector 407 to the called subscriber sub-
station; subsequently, this call might be released
under the control of the subscriber at the call-
ing subscriber substation Y.

Considering now the extension of a call in
either direction between the exchanges 180 and
400, it is assumed that a call is to be extended
from the calling subscriber substation X in ex-
change 100 to the called subscriber substation ¥
in exchange 400 via the trunk (0 extending be-
tween the exchanges mentioned. 'The call is
first initiated at the calling subscriber substa-
tion X, whereupon the line switch 162 individual
to the subscriber line 101 operates automatical~
ly in order to select an idle trunk in the asso-
ciated group, such, for example, as the trunk
103, extending to the selector 104, When the
line switch 102 seizes the trunk 103 an obvious
loop circuit is completed between the selector
104 and the calling subscriber substation X.
The subscriber at the calling subscriber substa-
tion X then proceeds to dial the first digit of
the directory number of the called subscriber
substation Y, whereupon the selector 104 oper-
ates in order to select the corresponding group
of trunks and then operates automatically to
select an idle trunk in this group, such, for exam-
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ple, as the trunk 111, extending to the repeater
110, the repeater 110 terminating one end of
the trunk 10 in exchange 180 as previously noted.

When the selector 104 seizes the trunk 1t
extending to the repeater 110 a loop circuit is
completed between the line relay RI40 in the
repeater 110 and the calling subscriber substa-
tion X; this circuit extending from ground by
way of the lower winding of R140, the contacts
154 and 14, and the winding 233 of the trans-
former 230 to the line conductor Cli13 of the
trunk f11, and from battery by way of the up-
per winding of R{40, the contacts 152, {71 and
247 and the winding 231 of the transformer 230
to the line conductor Cl12 of the trunk {1{, the
line conductors Ct12 and C113 of the trunk (11
being connected by way of the selector 104, the
trunk (03 and the line switch 102 to the line
conductors of the subscriber line 101 extending
to the calling subscriber substation X. When
this loop circuit is completed the line relay Ri40
operates, thereby to complete, at the contacts 142,
an obvious circuit for energizing the winding of
the hold relay R130 in order to cause the latter
relay to operate. Upon operating, the hold re-
lay R1{30 interrupts, at the contacts 131 and 133,
the normally completed connection, including the
line conductors C116 and CI1T of the trunk 115,
between the repeater 110 and the individually
associated incoming selector 105, whereby the
incoming selector 185 is cut off of the repeater
1i8. Also the hold relay RI30 completes, at
the contacts 184, an obvious path for applying
ground potential to the control conductor CI14
of the trunk ilf, thereby to mark the trunk 11
as busy to the other seleciors having access
thereto and to retain operated the selector 104
and the line switch 102,

Further the hold relay R130 interrupts, at the
contacts 136, a normally completed path for ap-
plying ground potential by way of the lower
winding of the polar relay R265, the winding of
the control relay R260 and the winding 284 of
the transformer 230 to the line conductor CI2
of the trunk 16, and a normally completed mul-
tiple path for applying ground potential by way
of the contacts 161, the upper winding of the
polar relay R265, the winding of the control re-
lay R255, and the winding 232 of the trans-
former 230 to the line conductor Cil of the
trunk 8. Finally the hold relay R{30 completes,
at the contacts 135, multiple paths substantially
identical to those traced above and including the
resistor 192 and the contacts 181 for applying
battery potential to the line conductors Cli and
Cl2 of the trunk 18. More particularly, at this
time, the hold relay RI130 completes, at the con-
tacts 135, a series circuit between the repeater 10
in exchange $00 and the repeater 410 in exchange
400; which series circuit comprises a simplex
path including in parallel the line conductors CI
and Ci2 of the trunk 10, whereby the upper
winding of the polar relay R265 and the winding
of the control relay R255 in the repeater (10 are
energized in series with the winding of the con-
trol relay R355 and the upper winding of the
polar relay R36% in the repeater 410, and the
lower winding of the polar relay R265 and the
winding of the control relay R260 in the repeater
110 are energized in series with the winding of
the control relay R360 and the lower winding of
the polar relay R365 in the repeater 410. More

particularly, the above-traced circuit extends
from ground in the repeater 410 by way of the
contacts 436 and 461, the upper winding of R365,
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the winding of R355, the winding 332 of the
transformer 330, the line conductor Cil of the
trunk (0, the winding 232 of the transformer
230, the winding of R255, the upper winding of
R265, the contacts 161 and 135, the resistor 192
and the contacts (81 to battery in the repeater
110; and from ground in the repeater 410 by
way of the contacts 436, the lower winding of
R365, the winding of R360, the winding 334 of
the transformer 330, the line conductor CI2 of
the trunk 10, the winding 234 of the transformer
238, the winding of R260, the lower winding of
R265, the contacts 135, the resistor 192 and the
contacts 181 to battery in the repeater 110,
When this simplex circuit is completed the con-
trol relays R255 and R260 in the repeater 110 and
the control relays R355 and R360 in the repeater
410 operate; however, the polar relay R265 in the
repeater {18 does not operate; whereas, the polar
relay R385 in the repeater 410 does operate. The
polar relay R265 in the repeater 110 does not op-
erate due to the fact that the flow of current
in the above-traced circuit is from the repeater
410 to the repeater 110; whereas, the polar relay
R365 in the repeater 410 does operate due to the
fact that the flow of current in the above-traced
circuit is from the repeater 410 to the repeater
110, as noted above.

Upon operating, the polar relay R365 com-~
pletes, at the contacts 366, an obvious circuit for
energizing the stop magnet M325 of the clutch
mechanism 323, whereupon the latter magnet op-
erates in order positively to prevent rotation of
the commutator 321 at this time. Also the polar
relay R385 completes, at the contacts 368, an
obvious circuit for energizing the winding of the
seizure relay R310, thereby to cause the latter
relay to operate. Upon operating, the seizure
relay R370 completes, at the contacts 313, an
obvious path for applying ground potential to
the control conductor C414 of the trunk 411 ex-
tending to the repeater 410, thereby to mark the
trunk 411 as busy to the selectors 404 etc. having
access thereto. Also the seizure relay R370 com-
pletes, at the contacts 312, an obvious circuit for
energizing the winding of the cutoff relay R4T0
in multiple with the upper winding of the answer
relay R460, whereby the cutoff relay R470 op-
erates. FHowever, the answer relay R460 does
not operate as it is of the polarized type. Upon
operating, the cutoff relay R470 interrupts, at
the contacts 471 and 474, an obvious normally
completed path for connecting the upper and
lower windings of the line relay R440 to the line
conductors C4i2 and C413 of the ftrunk 4if;
and completes, at the contacts 472 and 413, a
bridge connection including the lower winding of
the answer relay R460 between the line conduc-
tors of the trunk 415 extending to the incoming
selector 485. The above-mentioned bridge con-
nection extends from the line conductor C416
of the trunk 415 by way of the contacts 431, the
winding 331 of the transformer 330, the contacts
3471 and 472, the resistor 491, the lower winding
of R460, the contacts 413, the winding 333 of
the transformer 330 and the contacts 433 to the
line conductor CA#i1 of the trunk 4i15. When
this bridge path is completed between the line
conductors of the trunk 415 the lower winding
of the answer relay R460 is energized; however,
the latter relay does not operate at this time as
it is of the polarized type, as previously noted.
Also when this bridge path is completed be-
tween the line conductors of the trunk 415 the
incoming selector 405 is conditioned to be respon-
sive to impulses transmitted thereto.
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The subscriber at the calling subscriber sub-
station X then proceeds to dial the second digit
of the directory number of the called subscriber
substation Y, whereby the line relay RI140 in the
repeater {10 follows the digit mentioned in an
obvious manner. Each time the line relay R140
restores and then reoperates it completes and
then interrupts, at the contacts 141, an obvious
circuit, including the contacts 132, for energizing
the winding of the series relay R120 in series with
the rotary magnet M2062; whereupon the series
relay R 120 operates and the rotary magnet M202
operates and restores, thereby to drive the wiper
201 of the mark switch 200 one step in the clock-
wise direction. Also each time the line relay R140
restores and then reoperates it interrupts and
then completes, at the contacts 142, the previ-
ously mentioned circuit for energizing the wind-
ing of the hold relay R130. Accordingly the hold
relay RI130 and the series relay Ri20 remain op-
erated during impulsing as both of the relays
mentioned are of the slow-to-release type; and
the wiper 201 of the mark switch 200 is driven a
number of steps in the clockwise direction away
from its normal rotary position correspongding to
the second digit, in an obvious manner: " +When
the wiper 201 of the mark switch 200 is driven
one step in the clockwise direction away from its
normal rotary position the set of switch springs
S205 is operated, thereby to complete an obvious
path, including the contacts 21, for applying
ground potential to the wiper 28i. The appli-
cation of ground potential to the wiper 20f of
the mark switch 288 completes an obvious circuit,
including the contacts 292 and 281, for energiz-
ing the winding of the go relay R290 in view of
the fact that the wiper 281 engages the first
contact in the associated contact bank. When
thus energized the go relay R290 operates to com-
plete, at the contacts 2381, an obvious holding cir-
cuit, including the contacts 281, for energizing the
winding thereof; and to complete, at the contacts
294, a path for applying ground potential to the
first contact in the contact bank associated with
the wiper 211 of the send switch 219. The last-
mentioned path extends from ground by way of
the set of switch springs S205, the contacts (21,
the wiper 201 of the mark switch 200 and the
engaged first contact in the associated contact
bank, and the contacts 294 to the first contact
in the contact bank engaged by the wiper 211 of
the send switch 218. This application of ground
potential to the wiper 211 of the send switch
210 completes an obvious circuit for energizing
the winding of the trunk pulse relay R 180, there-
by to cause the latter relay to operate,

Upon operating, the trunk pulse relay RIi80
interrupts, at the contacts 81, the previously
traced simplex circuit for energizing in series the
upper winding of the polar relay R265, the wind-
ing of the control relay R255, the winding of the
control relay R355 and the upper winding of the
polar relay R365, and for energizing in series the
lower winding of the polar relay R265, the wind-
ing of the control relay R269, the winding of the
control relay R360 and the lower winding of the
polar relay R365. When this simplex circuit is
thus interrupted the control relays R255 and
R280, as well as the control relays R355 and R380,
restore without effect at this time; the polar re-
lay R265 remains restored; and the polar relay
R365 restores, for a purpose more fully explained
hereinafter.

Also when the go relay R290 operates it com-
pletes, at the contacts 293, an obvious circuit for
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energizing the go magnet M214 of the clutch 213,
whereupon the latter magnet operates in order
to engage the pair of clutch plates; whereby the
shaft of the send switch 210, carrying the wipers
21 and 212 thereof, is constantly rotated in the
clockwise direction at the fixed predetermined
speed.

As previously noted, the line relay R140 fol-
lows the second digit dialed at the calling sub-
scriber substation X, whereby, at the conclusion
of the second digit, the rotary magnet M202 has
been energized a corresponding number of times
and the wiper 201 of the mark switch 200 bridges
a corresponding number of the contacts in the
associated contact bank. For example, in the
event the second digit is 5, the wiper 281 of the
mark switch 200 bridges the first five contacts
in the associated contact bank, whereby ground
potential is applied to each of the first five con-
tacts mentioned. As the wiper 211 of the send
switch 210 is rotated in the clockwise direction it
first engages the second contact and then disen-
gages the first contact in the associated contact
bank, thereby to complete an obvious alternative
circuit substantially identical to that previously
traced for energizing the winding of the trunk
pulse relay R180. Hence, in the present exam-
ple, the wiper 211 of the send switch 218, as it is
rotated in the clockwise direction, successively
makes and then interrupts five obvious alterna-
tive circuits for energizing the winding of the
trunk pulse relay R180, whereby the last alterna-
tive circuit for energizing the winding of the
trunk pulse relay RI180 is interrupted only when
the wiper 201 engages the sixth contact and dis-
engages the fifth contact in the associated contact
bank, thereby to cause the trunk pulse relay Ri80
to restore, Upon restoring, the trunk pulse re-
lay R180 recompletes, at the contacts 181, the
previously fraced simplex ecircuit for energizing
the upper and lower windings of the polar relays
R265 and R365 and for energizing the windings
of the control relays R255, R260, R355 and R360,
in the manner previously explained. When this
simplex circuit is again recompleted the polar re-
lay R265 remains in its restored position; the
polar relay R365 reoperates for a purpose more
fully explained hereinafter; and the control re-
lays R265, R260, R355 and R360 reoperate with-
out effect at this time,

At the conclusion of the second digit dialed at
the calling subscriber substation X the line relay
R 140 is retained in its operated position, thereby
to retain interrupted, at the contacts 14{, the
previously traced series circuit for energizing the
winding of the series relay Ri20 and the rotary
magnet M202 of the mark switch 200. Shortly
thereafter the series relay R 120 restores, the lat-
ter relay being of the slow-to-release type as pre-
viously noted. Upon restoring, the series relay
RI120 interrupts, at the contacts 121, the pre-
viously traced path for applying ground potential
to the wiper 201 of the mark switch 200, thereby
to interrupt a further point in the previously
traced circuit for energizing the winding of the
trunk pulse relay R180. Also, upon restoring, the
series relay R120 completes, at the contacts 122,
a circuit, including the set of switch springs S205
and the contacts 182, for energizing the release
magnet M203, thereby to cause the latter mag-
net to operate and release the wiper 204 of the
mark switch 268; whereupon the wiper 201 is re-
turned in the counterclockwise direction to its
normal rotary position. Also, upon operating, the
release magnet M203 completes, at the contacts
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204, an obvious holding circuit, including the set
of switch springs S205, for energizing the magnet
M2063. When the mark switch 200 is thus re-
leased the set of switch springs S20% is actuated,
thereby to inferrupt the above-traced holding
circuit for energizing the release magnet M203
of the mark switch 200, whereby the latter mag-
neb restores.

PFurther operation of the send switch 210 oc-
curs at this time without effect until the wiper -
212 thereof engages and then disengages the
tenth contact in the associated contact bank.
When the wiper 212 of the send switch 210 en-
gages the tenth contfact in the associated contact
bank an obvious circuit for energizing the wind-
ing of the charge relay R275 is completed, there-
by to cause the latter relay to operate. Upon
operating, the charge relay R215 completes, at
the contacts 278, an obvious circuit for charging
the condenser 237. When the wiper 212 of the
send switch 210 is driven to disengage the tenth
contact in the associated contact bank and back
into its normal rotary position, the above-traced
circuit for energizing the winding of the charge
relay R215 is interrupted, thereby to cause the
latter relay to restore. Upon restoring, the
charge relay R275 interrupts, at the contacts 2176,
the previously mentioned circuit for charging the
condenser 237; and completes, at the contacts
277, an obvious circuit for discharging the con-
denser 237 in series through the winding of the
stop relay R288. When the condenser 237 is thus
discharged through the winding of the stop relay
R280 the latter relay is momentarily energized.

5 Hence the stop relay R280 operates and then re-

stores. Upon operating, the stop relay R280 in-
terrupts, at the contacts 281, the previously traced
holding circuit for energizing the winding of the
go relay R290, thereby to cause the latter relay to
restore. Upon restoring, the go relay R280 in-
terrupts, at the contacts 293, the previously men-
tioned circuit for energizing the go magnet M21{4
of the clutch 2i3. Also, upon operating, the stop
relay R280 completes, at the contacts 282, an ob-
vious circuit for energizing the stop magnet M215
of the clutch 213. When the go magnet M2{4 of
the clutch 213 is deenergized and the stop mag-
net M215 thereof is energized the clutch plates
thereof are disengaged, whereby further rotation
of the shaft of the send switch 210 is arrested at
a time when the wipers 211 and 212 thereof oc-
cupy their normal rotary positions. Af this time
the wiper 211 of the send switch 210 engages the
first contact in the associated contact bank and
the wiper 212 of the send switch 210 disengages
the tenth contact in the associated contact bank.
Upon restoring, the stop relay R280 interrupts,
at the contacts 282, the previously mentioned cir-
cuit for energizing the stop magnet M215 of the
clutch 213, thereby to cause the latter magnet to
restore without effect at this time. Accordingly,
at this time, the apparatus incorporated in the
repeater 110 occupies the seized position thereof,
this position being the same as that which it oc-
cupied prior to the reception of the second digit
5 dialed at the calling subscriber substation X.

In view of the foregoing explanation of the
mode of operation of the repeater 118, it will be
understood that the mark switch 290 is operative
to register the digit dialed at the calling subscriber
substation and to initiate operation of the send
switch 218, whereupon the trunk pulse relay R{80
operates. Operation of the send switch ‘210 is
continued at a constant predetermined speed for
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a time interval corresponding to the digit regis-
tered in the mark switch 200 in order to retain
the trunk pulse relay Ri80 in its operated posi-
tion during this time interval mentioned. At the
conclusion of this time interval mentioned the
wiper 21! of the send switch 210 disengages the
last marked contact in the associated contact
bank, thereby to effect the restoration of the
trunk pulse relay R180. Also at this time the
series relay R120 restores, which is shortly fol-
lowing the conclusion of the digit, in order to
effect the release of the mark switch 200. The
send switch 210 is then further operated back into
its normal position, whereupon further operation
thereof is arrested. It will be understood that
operation of the send switch 210 is initiated im-
mediately upon operation of the mark switch 200;
that the effective operation of the send switch
210, to retain operated the trunk pulse . relay
R180, is completed very shortly following the
conclusion of the digit received by the repeater
110; and that this effective operation of the send
switch 210 is completed shortly prior to the res-
toration of the series relay R120, the latter relay
restoring shortly following the reception of the
digit mentioned. Hence it will be understood
that the repeater {10 is operative to register any
digit dialed at the calling subscriber substation X
and to eflect operation of the trunk pulse relay
RI180, in response to this digit received for a
time interval corresponding to the digit men-
tioned. More particularly, the trunk pulse relay
R 180 is retained operated a variable time interval
precisely corresponding to the variable number
of impulses in the digit received by the repeater
110. Further it will be understood that the opera-
tion of the trunk pulse relay R180 for the variable
time interval mentioned retains interrupted for
this variable time interval the previously traced
simplex circuit extending between the repeater
110 and the repeater 410; and then recompletes,
at the conclusion of the time interval mentioned,
the previously traced simplex circuit between the
repeater 110 and the repeater 410. Accordingly,
it will be understood that the repeater (10 is ef-
fective to register any variable digit and to trans-
mit over the trunk 10 to the repeater 410 a single
impulse of a corresponding variable time dura-
tion. For example, the repeater 110 is effective
to register the digit 4, 5 or 6 and to transmit over
the trunk 10 to the repeater 410 a single impulse
of corresponding 4, 5 or 6 unit time intervals of
duration.

Continue now with the operation of the re-
peater 410 in response to the restoration of.the
polar relay R365, at the beginning of the single
impulse received thereby when the previously
traced simplex circuit including the trunk (0 is
interrupted. Upon restoring, the polar relay
R3656 interrupts, at the contacts 368, the pre-
viously mentioned circuit for energizing the wind-
ing of the seizure relay R370; however, the latter
relay does not restore during the reception of any
impulse as it is of the dashpot type. Also, upon
restoring, the polar relay R365 interrupts, at the
contacts 366, the previously mentioned circuit
for energizing the stop magnet M325 of the clutch
323, and completes, at the contacts 367, an ob-
vious circuit, including the contacts 371, for en-
ergizing the go magnet M324 of the clutch 323.
When the stop magnet M325 is deenergized and
the go magnet M324 is energized the clutch plates
are engaged, whereby the shaft and the com-
mutator 321 carried thereby are rotated in the
counterclockwise direction continuously at the
predetermined speed previously mentioned. As
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the commutator 321 is rotated at the prede-
termined speed in the counterclockwise direction,
the conductive and insulating segments thereof
alternately engage the associated wiper 322,
thereby to complete and then to interrupt re-
peatedly an obvious circuit for energizing the
winding of the impulse relay R350; whereby the
latter relay operates and restores at a fixed rate
corresponding to the predetermined speed of
rotation of the commutator 321 in the counter-
clockwise direction. Each time the impulse re-
lay R350 operates it interrupts, at the contacts
352, an obvious circuit for charging the condenser
339; and completes, at the contacts 38!, an ob-
vious circuit for discharging the condenser 339
in series through the winding of the switch pulse
relay R345, whereby the later relay operates and
then restores. Each time the impulse relay R350
restores it interrupts, at the contacts 351, the
previously mentioned circuit for discharging the
condenser 339 in series through the winding of
the switch pulse relay R345; and recompletes, at; .
the contacts 352, the previously mentioned. cir-
cuit for charging the condenser 339. According-
1y the switch pulse relay R345 follows the impulse
relay R350. Upon the first operation of the
switch pulse relay R345 it completes, at the con-
tacts 346, an obvious circuit for energizing the
winding of the bridge relay R340, thereby to cause
the latter relay to operate. Also upon the first
operation of the switch pulse relay R345 it in-
terrupts, at the contacts 347, the previously traced
path for connecting the lower winding of the an-
swer relay R460 across the line conductors of the
trunk 415 extending to the incoming selector 405,
Upon operating, the bridge relay R340 completes,
at the contacts 341, an obvious path, including the
contacts 472 and 413 and the resistor 491, for
short-circuiting the winding 333 of the trans-
former 330 in series with the lower winding of
the answer relay R460. Upon the first restora-
tion of the switch pulse relay R345 it interrupts,
at the contacts 346, the previously mentioned
circuit for energizing the winding of the bridge
relay R340; however, the latter relay does not re-
store during impulsing as it is of the slow-to-
release type. Also upon the first restoration of
the switch pulse relay R345 it completes, at the
contacts 347, a bridge across the line conductors
of the trunk 415 extending to the incoming selec-
tor 405. The above-mentioned bridge extends
from the line conductor C417 of the trunk 415
by way of the contacts 433, C4i3, the contacts
341 and 3417, the winding 33( of the transformer
330 and the contacts 431 to the line conductor
C416 of the trunk 415. Accordingly the switch
pulse relay R345 repeats impulses at the contacts
347 over the trunk 415 to the incoming selector
405, thereby to cause operation of the last-
mentioned selector in accordance with conven-
tional practice.

At the conclusion of the single impulse trans-
mitted over the trunk {0 to the repeater 410, the
previously traced simplex circuit between the
repeater 110 and the repeater 419 is recompleted,
thereby to cause reoperation of the polar relay
R36%, as previously noted. Upon reoperating,
the polar relay R365 recompletes, at the contacts
368, the previously mentioned circuit for ener-
gizing the winding of the seizure relay R370,
whereby the latter relay is retained in its oper-
ated position continuously, as previously ex-
plained. Also the polar relay R365 interrupts,
at the contacts 361, the previously traced circuit
for energizing the go magnet M324 of the clutch
323; and completes, at the contacts 366, the pre-
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viously mentioned circuit for energizing the stop
magnet M325 in the clutch 323. When the go
magnet M324 is deenergized and the stop mag-
net M325 is energized the pair of clutch plates
are disengaged, whereby further rotation of the
commutator 32{ in the counterclockwise direc-
tion is arrested, thereby to prevent further in-
termittent operation of the impulse relay R350.
At this point it is noted that, when operation of
the commutator 321 is arrested, the associated
wiper 322 may engage either a conductive or an
insulating segment thereof, whereby the impulse
relay R350 may be retained either in its oper-
ated or its restored position. However, regard-
less of whether the impulse relay R358 is re-
tained in its operated position or its restored
position, the switch pulse relay R245 is restored
in order to effect the restoration of the bridge
relay R340 shortly thereafter, the bridge relay
R340 being of the slow-to-release type. Upon
restoring, the bridge relay R340 interrupts, at
the contacts 341, the previously traced path for
short-circuiting the winding 333 of the trans-
former 330 in series with the lower winding of
the answer relay R460, whereupon the previously
traced circuit for connecting the lower winding
of the answer relay R460 across the line con-
ductors of the trunk 415 extending to the in-
coming selector 405 is recompleted. According-
ly, at this time, the apparatus incorporated in
the repeater 418 occupies the seized position
thereof, this position being the same as that
which it occupied prior to the reception of the
single impulse over the trunk (6 which was
transmitted by the repeater 11{8.

In view of the foregoing explanation of the
mode of operation of the repeater 410, it will be
understood that the polar relay R365 is restored
for a variable time interval corresponding to
the variable time duration of the single impulse
received over the trunk 18; and then the polar
relay R355 reoperates. During the time inter-
val while the polar relay R365 occupies its re-
stored position, the commutator 32{ is continu-
ously rotated at the fixed predetermined speed
in the counterclockwise direction; whereby the
impulse relay R350 is operated and restored a
corresponding number of times in order to effect
a corresponding number of operations and
restorations of the switch pulse relay R345.
Hence the number of intermittent operations of
the switch pulse relay R345, to transmit im-
pulses over the trunk 415 extending to the in-
coming selector 4085, is proportional to the time
interval during which the commutator 32 is
continuously rotated in the counterclockwise
direction, which time interval is proportional to
the time duration of the single impulse received
over the trunk 10. More particularly, the speed
of rotation of the commutator 321 in the coun-
terclockwise direction is so correlated with re-
spect to the time duration of the single impulse
received over the trunk I8 that the switch pulse
relay R345 is operated to transmit a number of
impulses over the trunk 415 extending to the
incoming selector 465 corresponding to the num-
ber of unit time intervals of the duration of the
single impulse received over the trunk 8. Ac-
cordingly the repeater 4i0 is operative to re-
ceive a single impulse of variable time duration
over the trunk {0 and to repeat a number of
impulses over the trunk &i5 corresponding to
the time duration of the single impulse men-
tioned. For example, the repeater 410 is oper-
ative to receive the single impulse of 4, 5 or 6
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unit time itervals of duration and to transmit
a series of impulses over the trunk 415, includ-
ing the corresponding 4, 5 or 6 impulses.

The incoming selector 405 responds to the
second digit dialed at the calling subscriber sub-
station X to select a corresponding group of
trunks and then operates automatically to seize
an idle trunk in the selected group, such, for
example, as the trunk 406, extending to the con-
nector 407. When the trunk 486 extending to
the connector 407 is seized by the incoming se-
lector 405 the connector 407 is rendered respon-
sive to impulses transmitted thereto in -accord-
ance with conventional practice.

The subscriber at the calling subscriber sub-
station X then proceeds to dial the third digit of
the directory number of the called subscriber
substation Y. The repeater {19 first registers
the third digit received over the trunk {il and
transmits a single impulse over the trunk 10 in
the manner previously explained, the single im-
pulse transmitted over the trunk {9 comprising
a number of unit time intervals of duration cor-
responding to the number of impulses of the
third digit received over the trunk (1. The re-
peater 410 receives the single impulse over the
trunk 0 and transmits a series of impulses over
the trunk 415, the number of impulses in the
series transmitted over the trunk 415 corre-
sponding to the number of unit time intervals
of duration of the single impulse received over
the trunk (9, and consequently to the third digit
dialed at the calling subscriber substation X.
The subscriber at the calling subscriber substa-
tion X then proceeds to dial the fourth digit of
the directory number of the called subscriber
substation Y, whereby the repeaters {18 and 410
operate in the manner described above. More
particularly, the third and fourth digits of the
directory number of the called subscriber sub-
station Y are repeated by the repeater 410 over
the trunk 415, the incoming selector 485 and
the trunk 406 to the connector 467, whereby the
connector 407 operates in order to select the
subscriber line 401 extending to the called sub-
scriber substation Y in accordance with conven-
tional practice.

When the connector 487 seizes the subscriber
line 401 extending to the called subscriber sub-
station Y the idle or busy condition thereof is
tested, whereby ringing current is projected there-
over from the connector 407 and ring-back tone
current is returned from the connector 4067 over
the trunk 415 to the repeater 410, all in the event
the subscriber line 40{ is idle. On the other
hand, in the event the subscriber line 481 is
busy, busy tone current is returned from the con-
necter 437 over the trunk £15 to the repeater 410,
The ring-back tone current or the busy tone cur-
rent returned over the trunk 415 traverses the
windings 331 and 333 of the transformer 330
included in the previously traced circuit, where-
by a corresponding tone voltage is induced in the
windings 332 and 324 of the transformer 338 in
order to cause a corresponding tone current to be
returned over the trunk {0. The tone current
returned over the trunk 10 traverses the windings
232 and 234 of the transformer 238 in order to
induce a corresponding tone voltage in the wind-
ings 231 and 233 of the transformer 230, whereby
a corresponding tone current is returned over
the subscriber line 18{ to the calling subscriber
substation X. In the event ring-back tone cur-
rent is returned to the calling subscriber sub-
station X, it indicates to the subscriber thereat
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that the called subscriber substation Y is being
rung and the subscriber at the calling subscriber
substation X waits for the subscriber at the
called subscriber substation Y to answer the call.
On the other hand, in the event busy tone cur-
rent is returned to the calling subscriber sub-
station X, it indicates to the subscriber thereat
that the desired connection may not be had im-
mediately due to the busy condition of the called
subscriber substation Y; whereupon the sub-
scriber at the calling subscriber substation X re-
places the receiver of the telephone instrument
thercat upon its associated switchhook, thereby
to effect the release of the switching apparatus
involved in the incompleted connection, in a
manner more fully explained hereinafter.

Assuming that the called subscriber substa-
ticn Y is idle at this time, when the subscriber
thereat answers the call the connector 487 op-
erates in order to cause current to be reversed
over the trunk 415 extending to the repeater
4108, whereby the lower winding of the answer
relay R460 is energized in the opposite direction.
When the lower winding of the answer relay R480
is energized in the direction mentioned the latter
relay operates as it is of the polarized type and
the upper winding thereof is directly energized at
this time. Upon operating, the answer relay R460
interrupts, at the contacts 481, a point in the
previously traced simplex circuit for energizing
in series the upper winding of the polar relay
R385, the winding of the control relay R355, the
winding of the control relay R255 and the upper
winding of the polar relay R265; however, the
previously traced circuit for energizing the lower
winding of the polar relay R365, the winding of
the control relay R360, the winding of the con-
trol relay R260 and the lower winding of the polar
relay R265 is retained completed. Accordingly,
at this time, the control relays R355 and R255
restore; the control relays R380 and R260 are
retained in their operated positions; the polar
relay R385 is retained in its operated position;
and the polar relay R265 is retained in its re-
stored position. Upon restoring, the control re-
lay R355 completes, at the contacts 356, an ob-
vious circuit for energizing the winding of the
battery reverse relay R453, thereby to cause the
latter relay to operate. 'The operation of the
battery reverse relay R450 is without effect at
this time in view of the operated position of the
cutoff relay R410. Upon restoring, the control
relay R255 completes, at the contacts 256, an ob-
vious circuit for energizing the winding of the
battery reverse relay R150, thereby to cause the
latter relay to operate. Upon operating, the bat-
tery reverse relay Ri50 completes, at the contacts
151 and 153, a circuit substantially identical to
that previously traced for energizing the upper
and lower windings of the line relay R48; and
interrupts, at the contacts 152 and 194, the pre-
viously traced original circuit for energizing in
series the upper and lower windings of the line
relay Ri48; whereby the direction of battery cur-
rent feed over the trunk H I to the selector 104
is reversed. This reversal of battery current feed
over the trunk (11 to the selector 104 and con-
sequently over the trunk 103, the line switch 162
and the subscriber line 1081 extending fo the
calling subscriber substation X may be utilized
for supervisory purposes, meter control in the
Jine switch 102, ete., all in accordance with con-
ventional practice.

At this time an established connection is com-
pleted between the calling subscriber substation
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X in exchange 100 and the called subscriber
substation Y in exchange 480. More particularly,
the previously traced loop circuit is completed
between the calling subscriber substation X and
the line relay Ri40 in the repeater 110, which
Ioop circuit includes the windings 221 and 233
of the transformer 230; the windings 232 and
234 of the transformer 238 are operatively con-
nected by way of the trunk 16 to the windings 332
and 324 of the transformer 330 in the repeater
418; the windings 33f and 333 of the transformer
330 are included in the previously traced loop
circuit extending between the lower winding of
the answer relay R480 and the connector 407,
the last-mentioned loop circuit including the
trunk 415, the incoming selector 405 and the
trunk 486; and’ an obvious loop circuit is com-
pleted between the connector 407 by way of the
subscriber line 481 to the called subscriber sub-
station Y. Accordingly the conversation be-
tween the calling subscriber substation X in ex-
change 188 and the called subscriber substation Y
in exchange 400 proceeds. e

The release of this established connection is
assumed to be under the control of the subscriber
at the calling subscriber substation X in exchange
180 and is effected when the subscriber thereat
replaces the receiver of the telephone instrument
at the calling subscriber substation X upon its
associated switchhook in order to interrupt the
previously traced loop circuit for energizing in
series the upper and lower windings of the line
relay R140 in the repeater 110. When the loop
circuit mentioned is interrupted the line relay
Ri40 restores, thereby to interrupt, at the con-
tacts 142, the previously mentioned circuit for
energizing the winding of the hold relay RI130;
whereupon the latter relay restores shortly there-
after, the hold relay R138 being of the slow-to-
release type. Also, upon restoring, the line relay
RI48 completes, at the contacts 141, the previ-
ously traced circuit for energizing the winding
of the series relay R120 in series with the rotary
magnet M202 of the mark switch 200. The ro-
tary magnet M202 operates, thereby to drive the
wiper 281 of the mark switch 200 one step in the
clockwise direction, in the manner previously ex-
plained; and the series relay R120 operates in
order to complete, at the contacts 121, the previ-
ously traced path for applying ground potential
to the wiper 201 of the mark switch 2060, whereby
the go relay R298 operates in order to effect op- -
eration of the send switch 210 in the manner
previously explained. Also the go relay R290
completes, at the contacts 294, the previously
traced circuit for energizing the winding of the
trunk pulse relay R188, thereby to cause the lat-
ter relay to operate. Upon operating, the trunk
pulse relay RI80 interrupts, at the contacts
181, the previously traced series circuit for ener-
gizing the lower winding of the polar relay R265,
the winding of the control relay R260, the wind-
ing of the control relay R360 and the lower wind-
ing of the polar relay R365; whereby the control
relays R260 and R360 and the polar relay R365
restore. Upon restoring, the control relay R260
interrupts, at the contacts 26{, the previously
traced circuit for energizing the winding of the
battery reverse relay R150, thereby to cause the
latter relay to restore. Upon restoring, the con-
trol relay R360 interrupts, at the contacts 361,
the previously traced circuit for energizing the
winding of the battery reverse relay R450, thereby
to cause the latter relay to restore.

Operation of the send switch 210 proceeds in
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the manner previously explained and when the
wiper 211 thereof disengages the first contact in
the associated contact bank the previously traced
circuit for energizing the winding of the trunk
pulse relay RI80 is interrupted, whereupon the
latter relay restores. Upon restoring, the trunk
pulse relay R186 recompletes, at the contacis 181,
the previously traced series circuit for energizing
the lower winding of the polar relay R265, the
winding of the control relay R260, the winding
of the control relay R360, and the lower wind-
ing of the polar relay R365, whereby the control
relays R26§0 and R360 and the polar relay R365
reoperate. Upon operating, the control relay
R260 completes, at the contacts 261, the previously
traced circuit for energizing the winding of the
battery reverse relay RI150, thereby to cause the
latter relay to operate. Upon operating the con-
trol relay R360 completes, at the contacts 361,
the previously traced circuit for energizing the
winding of the battery reverse relay R450, there-
by to cause the latter relay to operate.

When the hold relay Ri30 restores, as previ-
ously explained, shortly following the release op-
eration performed at the calling subscriber sub-
station X it interrupts, at the contacts 132, the
previously traced circuit for energizing the wind-
ing of the series relay RI20 in series with the
rotary magnet M202, whereupon the series relay

R 120 restores shortly thereafter, the series relay ¢

RI120 being of the slow-to-release type. Further
the hold relay Ri30 recompletes, at the contacts
{31 and 123, the connection between the line
conductors C1{2 and Ci13 of the trunk ili and
the line conductors CIi{6 and CHIT of the trunk
{15, the trunk 115 extending to the incoming
selector 105. Further the hold relay RI138 in-
terrupts, at the contacts 134, the previously traced
path for applying ground potential to the control
conductor of the trunk (11, thereby to effect the
release of the selector 104 and the line switch 102.
At this time the trunk (11 extending to the re-
peater 110 is marked as idle to the selectors hav-
ing access thereto; the trunk 103 extending to
the selector 104 is marked as idle to the line
switches having access thereto; and the sub-
scriber line 101 extending to the calling sub-
seriber substation X is marked as idle to the
connectors having access thereto.

Operation of the send switch 210 proceeds in
the manner previously explained, whereby the
wipers 211 and 212 thereof are returned to their
normal rotary positions; the charge relay R275
operates and restores, thereby to effect operation
and restoration of the stop relay R280, as previ-
ously explained. Upon operating, the stop relay
R280 interrupts, at the contacts 281, the previ-
ously traced holding circuit for energizing the
winding of the go relay R290, thereby to cause
the latter relay to restore. Upon restoring, the
go relay R280 interrupts, at the contacts 293, the
previously mentioned circuit for energizing the
go magnet M214 of the clutch 213; and, upon
operating, the stop relay R280 completes, at the
contacts 282, the previously mentioned circuit for
energizing the stop magnet M215 of the clutch
213. Upon restoring, the stop relay R280 inter-
rupts, at the contacts 282, the previously men-
tioned circuit for energizing the stop magnet
M215 of the clutch 213, whereby the send switch
210 is completely released.

Further, upon restoring, the hold relay RI130
interrupts, at the contacts 135, the previously
traced circuit for energizing in series the lower
winding of the polar relay R265, the winding

[

10

40

S
o

50

60

65

70

7%

9

of the control relay R260, the winding of the
control relay R368 and the lower winding of the
polar relay R365, whereby the control relays
R260 and R360 and the polar relay R365 restore.
Upon restoring, the control relay R268 inter-
rupts, at the contacts 261, the previously men-
tioned circuit for energizing the winding of the
battery reverse relay RI{50, thereby to cause the
latter relay to restore. At this time the repeater
1108 is completely released and available for fur-
ther use.

Considering now the release of the repeater 418,
the first time the polar relay R365 restored it in-
terrupted, at the contacts 366, the previously
mentioned circuit for energizing the stop mag-
net M328 of the clutch 323 and completed, at
the contacts 387, the previously traced circuit for
energizing the go magnet M325 of the clutch
323, whereby the commutator 321 was rotated in
the counterclockwise direction. Subsequently,
when the polar relay R365 reoperated it recom-
pleted, at the contacts 386, the previously men-
tioned circuit for energizing the stop magnet
M325 of the clutch 323 and interrupted, at the
contacts 367, the previously traced circuit for
energizing the go magnet M324 of the clutch
323, whereby further rotation of the commu-
tator 32{ was arrested. This rotation of the com-
mutator 321 caused one operation and restora-
tion of the impulse relay R350 and consequently
one operation and restoration of the switch pulse
relay R345, whereby the bridge relay R340 was
operated. Also the operation and subsequent
restoration of the switch pulse relay R345 caused
one impulse to be transmitted over the trunk
415 to the connector 407 without effect at this
time.

When the polar relay R365 again restored it
again initiated rotation of the commutator 321,
whereby the impulse relay R350 and the switch
pulse relay R345 were again operated intermit-
tently and the bridge relay R340 was operated.
However, at this time, the polar relay R365 re-
mains restored and after a predetermined time
interval the seizure relay R310 restores, the lat-
ter relay being of the dash-pot type and hav-
ing a slow-to-release characteristic. Upon re-
storing, the seizure relay R370 interrupts, at the
contacts 371, the previously traced circuit for
energizing the go magnet M324 of the clutch
323, whereby further rotation of the commuta-
tor 32{f in the counterclockwise direction is ar-
rested in order to effect restoration of the im-
pulse relay R350 and the switch pulse relay R345
and restoration of the bridge relay R340 shortly
thereafter, the bridge relay R340 being of the
slow-to-release type. Also, upon restoring, the
seizure relay R379 interrupts, at the contacts
372, the previously traced circuit for energizing
in multiple the winding of the cutoff relay R4T)
and the upper winding of the answer relay R460,
whereupon the cutoff relay R410 restores. Upon
restoring, the cutoff relay R410 interrupts, at the
contacts 412 and 478, the previously traced bridge
connection, including the lower winding of the
answer relay R460, between the line conductors
of the trunk 415.

Finally the seizure relay R3710 interrupts, at
the contacts 313, the previously mentioned path
for applying ground potential to the control con-
ductor C414 of the trunk 4{1, thereby to mark
the trunk 4fi and consequently the repeater
410 as idle to the selectors having access thereto.
Further, upon restoring, the cutoff relay RA478
completes, at the contacts 471 and 414, obvious
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paths respectively including the contacts 452 and
454 and the windings 331 and 333 of the frans-
former 330 and the contacts 431 and 433 for
applying battery and ground potentials by way
of the upper and lower windings of the line re-
lay R440 to the respective line conductors C416
and C417 of the trunk 4(5 extending to the in-
coming selector 405; whereby the line relay in-
cluded in the connector 407 is effectively short-
circuited in order to cause the connector 407
and consequently the incoming selector 405 to be
released. At this time the trunk 406 extending
to the connector 407 is marked as idle to the
incoming selectors having access thereto and the
subscriber line 401 extending to the called sub-
scriber substation is marked as idle to the con-
nectors having access thereto, assuming that the
subscriber at the called subscriber substation Y
has replaced the receiver of the telephone in-
strument thereat upon its associated switchhook
at this time. On the other hand, in the event
the subscriber at the called subscriber substa-
tion Y has not replaced the receiver of the tele-
phone instrument thereat upon its associated
switchhook at this time, the line switch 402 op-
erates incident to the release of the connector
407 to lock the subscriber line 401 extending to
the called subscriber substation Y out of service
and to mark the subscriber line 401 as busy to
the connectors having access thereto, all in
accordance with conventional practice. At this
time the repeater 410 is completely released and
available for further use.

Of course it will be understood that the re-
lease of the repeater 110 and the release of the
repeater 410 take effect simultaneously, whereby
these two repeaters will become completely re-
leased and respectively marked as idle by way
of the trunks {il and 411 respectively extend-
ing thereto substantially simultaneously. At
this time ground potential in the repeater 110 is
applied by way of the contacts 136 and the pre-
viously traced simplex connection to the line
conductors Ci{l and CI2 of the trunk 10; and
ground potential in the repeater 410 is applied by
way of the contacts 436 and the previously traced
simplex connection to the line conductors Cli
and CI2 of the trunk 0. Accordingly, at this
time, the trunk t11 may be seized by a selector
to extend a call over the trunk (0 from exchange
100 to exchange 400; similarly, the trunk 41 { may
be seized by a selector to extend a call over the
trunk 10 from exchange 400 to exchange 100.

In view of the foregoing explanation of the
modes of operation of the repeater 110 as a send-
ing repeater and the repeater 410 as a receiving
repeater, it will be understood that the repeater
410 is operative in a similar manner as the re-
peater 110, when it is utilized as a sending re-
peater, and that the repeater {10 is operative in a
similar manner as the repeater 410, when it is
utilized as a receiving repeater.

‘While one embodiment of the invention has
been disclosed it will be understood that various
modifications may be made therein, which are
within the true spirit and scope of the inven-
tion.

What is claimed is:

1. In a signaling system, a two-way translator
comprising means for generating a variable first
series of impulses, means for converting said var-
iable first series of impulses into a directly pro-
portional single impulse of a corresponding var-
iable time duration, and means for reconverting
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a single impulse of variable time duration into
g corresponding variable second series of im-
pulses.

2. In a signaling system, a two way translator
comprising means for generating a first series
of impulses including a variable number of in-
dividual impulses, means for converting said first
series of impulses into a single impulse of variable
time duration including a number of unit time
intervals corresponding to the number of indi-
vidual impulses in said first series, and means
for reconverting a single impulse into a second
series of impulses including a number of indi-
vidual impulses corresponding to the number of
unit time intervals of said single impulse.

3. In a signaling system, means for generating
a first series of impulses including a variable
number X of individual impulses, means for con-
verting said first series of impulses into a single
impulse of variable time duration including a
corresponding variable number X of unit time
intervals, and means for reconverting said single
impulse into a second series of impulses includ-
ing a corresponding number X of individual im-
pulses.

4. In a signaling system, a pair of stations each .
having means for receiving a variable first se~ °
ries of impulses, means controlled by said receiv-
ing means for transmitting a single impulse of
a corresponding variable time duration to the
other station, and means at the other station
controlled by said transmitting means for trans-
mitting a corresponding variable second series
of impulses.

5. In a signaling system, a plurality of stations
interconnected by a trunk line and a simplex cir«
cuit, means at each station for registering a
variable first series of impulses, means controlled
by said registering means for transmitting over
said simplex circuit a single impulse of a corre-
sponding variable time duration, and means at
the remote station controlled by said transmitting
means for fransmitting a corresponding variable
second series of impulses. ‘

6. In a signaling system including a first re-
peater, a second repeater, and a trunk intercon-
necting said repeaters; said first repeater in-
cluding means for receiving a variable series of
impulses, and means controlled by said receiv-
ing means for transmitting over said trunk for
each said series of impulses a single impulse of
a corresponding variable time duration ; said sec~
ond repeater including means for receiving over
said trunk impulses of variable time duration,
and means controlled by said receiving means
for transmitting for each impulse received a cor-
responding variable series of impulses.

7. In a signaling system including a first re-
peater, a second repeater, and a trunk intercon-
necting said repeaters; said first repeater in-
cluding means for receiving a variable series of
@mpulses, and means controlled by said receiv-
Ing means for transmitting over said trunk a
smgle' impulse of a corresponding variable time
duration; said second repeater including a gen-
eraf;or operative to transmit a variahle series
of impulses during a directly broportional cor-
re§p.onding variable time interval, means for re-
celving over said trunk a single impulse of vari-
able time duration, and means governed by said
rgceiving means for selectively controlling the
time interval of operation of said generator,
whereby sald generator is controlled to trans:
mit a variable series of impulses corresponding
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to the variable time duration of a single impulse
received by said receiving means.

8. In a signaling system including a first re-
peater having a first line extending thereto, a sec-
ond repeater having a second line extending
thereirom, and a trunk interconnecting said re-
peaters; said first repeater including means for
receiving over said first line a variable series of
impulses, and means controlled by said receiving
means for transmitting over said trunk a single
impulse of a directly proportional corresponding
variable time duration; said second repeater in-
cluding means for receiving over said trunk a
single impulse of variable time duration, and
means controlled by said receiving means for
transmitting over said second line a correspond-
ing variable series of impulses.

9. In a signaling system including a pair of
two-way repeaters, and an interconnecting
trunk; each of said repeaters including first
means for receiving a variable series of impulses,
means controlled by said first receiving means
for transmitting over said trunk a single impulse
of a corresponding variable time duration, second
means for receiving over said trunk a single im-
pulse of variable time duration, and means con-
trolled by said second receiving means for trans-
mitting a corresponding variable series of im-
pulses.

10. In a signaling system including a pair of
two-way repeaters each having an incoming line
extending thereto and an outgoing line extending
therefrom, and an interconnecting trunk; each
of said repeaters including first means for receiv-
ing over the associated incoming line a variable
series of impulses, means controlled by said first
receiving means for transmitting over said trunk
a single impulse of a corresponding variable time
duration, second means for receiving over said
trunk a single impulse of variable time duration,
and means controlled by said second receiving
means for transmitting over the associated out-
going line a corresponding variable series of im-
pulses.

11. In a telephone system including a calling
station, a called station, a first repeater, a second
repeater, a trunk interconnecting said repeaters,
first switching apparatus associated with said
calling station and having access to said first re-
peater, and second switching apparatus associated
with said second repeater and having access to
said called station; means controllable from said
calling station for operating said first switching
apparatus to seize said first repeater and for
transmitting one or more digits to said first re-
peater, said first repeater including means for
receiving a variable digit transmitted thereto and
means controlled by said receiving means for
transmitting over said trunk a single impulse of a
directly proportional corresponding variable time
duration, said second repeater including means
for receiving over said trunk a single impulse of
variable time duration and means controlled by
said receiving means for transmitting to said
second switching apparatus a corresponding vari-
able digit, and means responsive to one or more
digits transmitted to said second switching ap-
paratus for operating said second switching ap-
paratus to seize said called station.

12. In a telephone system including a calling
station, a called station, a first repeater, a sec-
ond repeater, a trunk interconnecting said re-
peaters, first switching apparatus associated with
said calling station and having access to said first
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ciated with said second repeater and having ac-
cess to said called station; a calling device at said
calling station operative to transmit one or more
digits to said first switching apparatus in order
to cause said first switching apparatus to seize
said first repeater and then to transmit one or
more digits to said first repeater, sajid first re-
peater including means for receiving a variable
digit transmitted thereto and means controlled
by said receiving means for transmitting over
said trunk a single impulse of a corresponding
variable time duration, said second repeater in-
cluding means for receiving over said trunk a
single impulse of variable time duration and
means controlled by said receiving means for
transmitting to said second switching apparatus
a corresponding variable digit, said second switch-
ing apparatus being responsive to one or more
digits transmitted thereto in order to cause said
second switching apparatus to seize said called
station.

13. In a telephone system including a pair of
two-way repeaters, a pair of switches normally
respectively connected to said repeaters, and a
trunk interconnecting said repeaters; means for
seizing one of said repeaters and for transmit-
ting a variable digit thereto, and means respon-
sive to the seizure of said one repeater for dis-
connecting the associated switch therefrom, said
one repeater including means for receiving a vari-
able digit transmitted thereto and means con-
trolled by said receiving means for transmitting
over said trunk a single impulse of a correspond-
ing variable time duration, the other of said re-
peaters including means for receiving over said
trunk a single impulse of variable time duration
and means controlled by said receiving means
for fransmitting to the associated switch a cor-
responding variable digit, thereby selectively to
operate the said-mentioned switch.

14. In a telephone system, including a calling
station, a called station, a pair of repeaters, a
trunk extending between said repeaters and in-
cluding two line conductors, and means for set-
ting up a connection from said calling station
by way of said repeaters and said trunk to said
called station; said connection including a circuit

extending from one terminal of a source of cur-

rent supply in a first of said repeaters by way of
the two line conductors of said trunk in parallel
to the other terminal of the source of current
supply in a second of said repeaters, and means
responsive to a control operation performed at
one of said stations for causing apparatus in said
second repeater to disconnect one of the line con-
ductors of said trunk from said other terminal
of the source of current supply in said second
repeater, thereby to transmit a supervisory con-
trol to said first repeater.

15, In a telephone system, including a calling
station, a called station, a pair of repeaters, a
trunk extending between said repeaters and in-
cluding two line conductors, and means for set-
ting up a connection from said calling station
by way of said repeaters and said trunk to said
called station; said connection including a cir-
cuit extending from one terminal of a source
of current supply in a first of said repeaters by
way of the two line conductors of said trunk in
parallel to the other terminal of the source of
current supply in a second of said repeaters, and
means responsive to the performance of an an-
swer operation at said called station for causing
apparatus in said second repeater to disconect
one of the line conductors of said trunk from
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said other terminal of the source of current sup-
ply in said second repeater, thereby to transmit
an answer supervision to said first repeater.

16. In a telephone system, including a calling
station, a called station, a pair of repeaters, a
trunk extending between said repeaters and in-
cluding two line conductors, and means for set-
ting up a connection from said calling station by
way of said repeaters and said frunk to said
called station; said connection including a cir-
cuit extending from one terminal of a source of
current supply in a first of said repeaters by way
of the two line conductors of said trunk in par-
allel to the other terminal of the source of current
supply in a second of said repeaters, means re-
sponsive to the performance of an answer op-
eration at said called station for causing appa-
ratus in said second repeater to disconnect one
of the line conductors of said trunk from said
other terminal of the source of curent supply in
said second repeater, thereby to transmit an an-
swer supervision to said first repeater, and means
responsive to the transmission of an answer su-
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pervision to said first repeater for effecting a
reversal of the current supplied to said calling
station.

17. In a signaling system, a translator com-
prising a register having a plurality of settings,
means for receiving a variable series of impulses
and for selectively operating said register to a
corresponding one of its settings, a sender hav-
ing a plurality of settings, timing means con-
trolled by the operation of said register to any
one of its settings for operating said sender to
a corresponding one of its settings, whereby said
sender is operated a variable time interval to the
different ones of its settings, and means for trans-
mitting a single impulse during the time inter-
val gaid sender is being operated to a correspond-
ing one of its settings, whereby the single impulse
transmitted by said . transmitting means is of
variable time duration:

- WM. WALTER OWEN,
Ezxecutor of the Estate of Bernard D. Willis, De-
ceased.
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© CERTIFICATE OF CORRECTION.

Patent No. 2,%60,296. October 10, 1ShJ;.
BERNARD D, WILLIS, DECEASED,

BY WM. WALTER OWEN, EXECUTOR.

It is hereby certified that error appears in the printéd specification
of the above numbered patent requiring correctionas follows: Page 11, sec~
ond column, line LO, claim 13, forr"said-men-tioned switeh" read --sald
last-mentioned switch-~; and that the said Letters Patent should be read.
with this correction therein that the same may conform to’ the record of
the cdse in the Patent Office. ‘

Signed and sealed this léth day of Januery, A. D. 1945.

- Leslie Frazer

(Seal) L ‘ ‘Acting Commissioner of Patents.



