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substation through an automatic ex-
change to an operator’s position in g distant
manual office.

It is another object of the invention to pro-
vide, in a telephone system of the character indi-
cated, an improveq and exceedingly simple ar-
rangement for projecting ringing current for s
i OVEr & line extending to an
operator’s telephone station.

It is a further object of the invention to pro-
vide, in a telephone system of the character de-
scribed, an improved ang simple arrangement
whereby the calling or called barty at an auto-

ati pberforming a connec-

It is an additional object of the invention to
provide, in an automatic telephone system, an
improved arrangement, operative when & call is
originated at g telephone substation of the pay-
station type, for transmitting a signal identifying
the character of the calling substation to an
operator’s position or telephone station on g call
routed by way of the operator’s position,

It is a still further object of the invention to
provide, in a repeater associated with a trunk line
extending between an automatic exchange and
an operator’s position in another exchange, an
improved circuit arrangement for: transmitting
ringing current to the operator’s telephone sta-
tion to energize the signal device thereat, trans-
mitting a paystation signal to the operator in
the event a call intended for the operator’s posi-
tion is originated at g telephone station of the
paystation type, and controlling g supervisory
signal device located at the operator’s position.

It is a further and more specific object of the
invention to provide in g telphone system, a re-
beater associated with g trunk line extending be-
tween two automatic exchanges, which repeater,
in conjunction with a repeater associated with a
trunk line extending between one of the auto-
matic exchanges and an operator’s position in g
distant manual exchange, is operative in an im-
broved manner to transmit paystation tone sig-
nals to the operator’s position on calls originating
at paystations and to control a supervisory sig-
nal device located at the operator’s position,

(CL179—27)

The invention is illustrated as being incor-
ported in g telephone system wherein two
manual offices and two automatic exchanges are
interconnected by two-way trunk lines and as-
sociated repeaters so that connections may be
established between any pair of lines of the sys-~
tem irrespective of which of the exchanges ter-

minates the calling and called lines of a desired

connection. The automatic switching equipment
brovided in each of the iwo automatic exchanges
is diagrammatically illustrated as being of the
character disclosed and claimed in applicant’s co-
pvending application Serial No. 189,121; filed
February 7, 1938. The arrangement is such that,
when a call, originated at a telephone station of
the paystation type associated with g line ter-
minating in one of the automatic exchanges and
intended for a substation associateq with a line
terminating at one of the manual exchanges, is
routed through the automatic switching equip-
ment provided in the automatic exchange and
over g trunk line to an operator’s position in the
manual exchange, the connection thus established
comprises a talking circuit between the calling
substation and the operator’s position which is
adapted to be completed in response to the opera-
tion of a relay which operates when the call is
answered at the operator’s telephone station. In
accordance with one feature of the present in-
venition, means operative in response to the
operation of the above-mentioned relay are pro-
vided for transmitting g signal to the operator’s
position indicating that g call originates at a

telephone station of the paystation type. In the:

event the connection is routed by way of two of
the automatic exchanges to the operator’s posi-
tion in the manual office, the established connec-
tion comprises a pair of repeaters connected in
tandem, the first being associated with the trunk
line extending between the two automatic ex-
changes, and the second being associated with the
trunk line extending between the second auto-
matic exchange and the distant manual office. Ag
thus established, the connection comprises 3 first
loop circuit extending between the two operated
repeaters and a second loop circuit extending to
the operator’s telephone station, which second

. loop circuit is completed through operation of the

abovementioned relay when the call is answered
by the operator. In accordance with a further
feature of the invention, means responsive to the
operation of the relay are provided, for inter-
rupting the first loop circuit, and means, in-
cluded in the first of the tandem connected re-
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peaters and operative in response to the inter-
ruption of the first loop circuit, are provided for
impressing a signal on the second loop circuit in-
dicating that the call originates at a telephone
station of the paystation type. A further feature
of the invention pertains to the particular ar-
rangement for projecting a splash of ringing cur-
rent over a trunk line to energize the signal de-
vice provided at an operator’s position at one of
the manual offices. More particularly, this ar-
rangement includes a ringing relay embodied in

. the repeater associated with the trunk line ex-
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tending to the operator’s position and operative
in response to the seizure of the repeater to con-
nect the ringing-current source to the trunk line,
thereby to energize the signal device at the oper-
ator’s position. A ring cutoff relay is also pro-
vided, which ring cutoff relay includes a pair of
windings, one of which is included in an operat-
ing circuit for the ring cutoff relay and is ener-
gized over this circuit from the ringing-current
source in response to the operation of the ringing
relay. The other winding of the ring cutoff relay
is included in a holding circuit for the last-
mentioned relay, which holding circuit is com-
pleted in response to the operation of the ring
cutoff relay. The ring cutoff relay also includes
contacts for opening the operating circuit of the
ringing relay, thereby to arrest the ringing opera-
tion in response to the operation of the ring cut-
off relay.

In accordance with a further feature of the in-
vention, the supervisory signal device provided
at the operator’s position in one of the manual
offices is arranged to be controlled in an im-
proved manner by apparatus provided in the re-
peater associated with the trunk line by way of
which connections are routed to the operator’s
position. This feature of the invention is di-
rected to the provision of apparatus operative
when a connection between an automatic substa-
tion and the operator’s position is fully com-
pleted, for preventing the release of the operated
switch train in response fo & release operation
performed at the automatic substation together
with means responsive to repeated release opera-
tions performed at the automatic substation for
repeatedly completing the operating circuit for
the supervisory signal device. More particularly,
the supervisory signal device provided at the op-
erator’s position Includes an operating circuit
which is arranged to be completed in response to
the operation of a relay provided at the opera-
tor's position. The Jast-mentioned relay in-
cludes a winding which is arranged to be ener-
gized by way of a circuit including a2 winding of a

.second relay provided in the repeater associated

with the trunk line extending to the operator’s
position. There is also provided an impedance
element in the form of a second high resistance
winding of the second relay which .is adapted to
be serially included in the operating circuit for
the first relay. The impedance and, more par-
ticularly, the resistance, of this second winding
is so proportioned relative to the impedances or
resistances of the other relay windings that the
relay which controls the signal device is operated
only when the second winding of the second relay
is excluded from its energizing circuit. For the
purpose of controlling the operation of the signal
device control relay, there is provided in the re-
peater, means, controllable from a substation
included in a connection established to the opera-
tor’s position, for selectively including the second

2,214,218

winding of the second relay in the operating
circuit for the signal device control relay.

Further features of the invention pertain -to
the particular arrangement of the circuit ele-
ments whereby the above and additional operat-
ing features are attained.

The novel features believed to be characteristic
of the invention are set forth with particularity
in the appended claims. The invention, both as
to its organization and methoed of operation, to-
gether with further objects and advantages there-
of, will best be understood by reference to the
specification, taken in connection with the ac-
companying drawings in which Figure 1 illus-
trates the general arrangement of a system hav-
ing the above-outlined features of the invention
incorporated therein, Figs. 2, 3, 4,5 7 and 8
{llustrate the circuit arrangement of certain of
the apparatus embodied in the system of Pig. 1,
and Fig. 6 illustrates the mode of combining
Figs. 2, 3, 4, 5,7 and 8 to form a unified system.

Referring now to the drawings, the system
there snown comprises two small community
automsatic exchanges 10 and 30 and two manual
offices 15 and 40 arranged to be interconnected
py two-way trunk lines, each having associated
therewith one or more repeaters constructed and
arranged in accordance with the present inven-
tion. More particularly, there is provided a
group of trunk lines, one of which is indicated at
12, extending between the manual office 15 and
the sutomatic exchange 10; and & second group
of trunk lines, one of which is indicated at 13,

extending between the automatic exchanges 10 -

and 30. A third group of trunk lines including
the line 35 is provided, the lines of which extend
between the sutomatic exchange 30 and the
meanual office 40. BEach of the enumerated-ex-
changes 10, 15, 30 and 40 also has extending
thereto a plurality of subscribers’ lines, one of
which is indicated at Il as extending from the
substation A to the exchange (0, and a second
of which is indicated at 16 as extending from the
substation B to the exchange 30. Each of these
lines may be of the single or multi-party type,
as desired. :

The switching apparatus provided in the two
automatic exchanges 10 and 30 is preferably
identical in character, this apparatus being of
the particular arrangement disclosed and claimed
in the above-referred-to copending application
Serial No. 189,121, In brief this apparatus,
which, in its embodiment in the exchange {0, is
diagrammatically {llustrated in Figs. 1 and 5,
comprises & plurality of finder-connector links,
each comprising a finder switch and a connector
switch of the all-relay type, at which the lines
extending to the exchange 190 terminate. Thus,
the line {# is connected by way of a line circuit
2i to the contact springs of two of the group re-
lays embodied, respectively, in a finder switch 24
and a connector switch 26 forming one finder-
connector link. The line circuit 21 also includes
control circuit conductors extending to the dis-
tributor and common equipment 25’, which
equipment is provided for the purpose of assign-
ing links to successive calling lines in a definite
order and for causing the finder portion of an

_ assigned link to seize a calling line. Similarly,

the trunk line 12, which extends to an operator’s
position 200 located in the manual office 1§, is
arranged to be connected by way of a two-way
repeater 25 and a link line 468 to certain of the
contact springs controlled by group relays re-
spectively provided in each of tha two switches

{
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24 and 26. The line clrcuit for-the trunk line (2
is incorporated in and forms a part of the re-

‘peater 25, this line circuit being connected and

arranged to control start circuits extending to
the distributor and common equipment 25’ and
C465 to C461, inclusive,
Again, the trunk line 13 extending hetween the
exchange 30 and the exchange 10 is connected
by way of a two-way repeater.20 and. a link line
190 to. the contact springs controlled by other
group relays respectively provided in the finder
switch 24 .and the connector switch 26. The
is also connected by
way of a two-way repcater 885, which is.in all
respects identical with the repeater 20, to the
automatic switching equipment embodied in the
exchangé 30. .

The finder switches of the various links em-
bodied in the exchanges 10 and 30 are of the all-
relay type and,are fully directive in character;
that is, all line hunting operations are elimingt-
ed through an arrangement wherein only select-
ed ones of the group and unit relays are caused
to operate when a link is taken for use. The
distributor and common equipment 25’ is also of
the all-relay type, auxiliary group and unit relays
being provided therein which respectively corre-
spond to the group and unit relays embodied in
each of the associated finder switches. Each of
the connector switches has embodied therein a
group of impulse counting relays which function
to control the connector group and unit relays
during the operation of the connector portion of
the link to select a desired line. The arrange-
ment of the connector switches is such that
bridged or divided code ringing may be utilized
in signaling a desired substation on any selected
called line, it being pointed out in this respect
that the majority of the lines terminating at the
small exchanges 10 and 30 are expected to be of
the party line type. In the operation of each
connector switch, four digits are necessary in
order to select the desired type of ringing and
the code of the ringing current and to select the
desired line; the first digit being utilized to se-
lect a trunk line on a trunk call and to select the
type of ringing and partially to select the code of
the ringing current on g subscriber line call; the

~ second digit being utilized to select for operation

55
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the group relay associated with the group or
lines including the called line; the third digit
being utilized to select the particular unit relay

corresponding to the desired called line; and the

fourth digit being utilized finally to select the
code of the ringing current and to determine the
side of the line over which the ringing current
is to be projected, provided divided ringing is to
be used in signaling the calleq substation. The
links embodied in the exchange 10 also have as-
sociated therewith the usual auxiliary equipment
indicated at 21, this equipment comprising ap-
paratus for generating busy and dial-tone volt-
ages, ringing apparatus and a ringing current
code interrupter, and timing apparatus arranged
to be used in releasing links assigned- to faulty
lines or lines having a
tion thereon.
Considering briefly the operation of the switch-
ing apparatus embodied in the exchange 10, when
a subscriber, such, for example, as the subscriber
at the telephone A, initiates a call over the line
i1 to a second subscriber’s telephone by lifting his
receiver from its hook, the line circuit 21 operates
to cause the finder-connector link previously as-
signed by the distributor to the calling line to

“portion 26 of the link,

permanent calling condi--

-3

be started in operation to seize the calling line.
Assuming that the link 24, 26 is delegated by the
distributor to set up the connection, the finder
portion 24 of the link operates to select the call-
ing line and to connect it through to the conduc-
tors of the link line Incoming to the connector
More particularly, when
the line circuit operates, the auxiliary group and
subgroup relays corresponding to the calling line
and embodied in the distributor and common
equipment 25’ are caused to operate, together
with certain of the relays embodied in the allotter
or distributor, and, upon operating, cause the op-
eration of the corresponding group -and unit re-

" lays embodied in the finder portion 24 of the link,

When the calling line 1] is seized by the finder
switch 24- and extended by way of this switch
through the operation of the group and unit re-
lays to the associated connector switch 26, it is
marked as busy in all of the other connector
switches, and the control equipment of the seized
Iink is automatically conditioned to respond to
the impulses of the first series of impulses dialed
at the impulsing device conventionally provided
at the substation A. During the impulses of each
series, the counting relays embodied therein re-
spond in succession so that, at the end of the se-~
ries, the particular relay corresponding to the
number of impulses making up the series is left
operated. At the end of the first series of im-
pulses, the control apparatus -of the link operates
to defermine the type of ringing to be utilized in
signaling the desired substation and partially to
select the code of the ringing current, providing
the number of impulses making up the digit in-
dicates that the call is to be routed to another
subscriber’s line terminating at the exchange (0.
On the other hand, if the number of impulses
making up the first digit indicates that the call is
to be forwarded by way of one of the trunk lines
extending to the
matic exchange 30, the control apparatus em-
bodied in the switch automatically operates, at
the end of the digit, to switch the calling icop
circuit through to the repeater associated with
an idle trunk of the selected group. In this re-
gard, it is mentioned that the trunk selecting ap-
paratus associated with the links is of a charac-
ter such that an idle trunk of & selected group
is made available immediately g previously as-
signed trunk is taken for use. Obviously, if the
call initiated at the substation
ho further operation of the apparatus occurs fol-
lowing the trunk selecting operation of the con-
nector switch 26 until the connection is released.
If, on the other hand, the connection is to be
routed to another subscriber’s line terminating
at the exchange 10, three additional digits are
dialed, the arrangement being such that, at the
end of the second digit, the particular group re-
lay embodied in the connector switch 26 corre-
sponding to the group of lines including the
called line, is caused to operate. Similarly, at
the end of the third digit, the particular unit re-
lay embodied in the connector switch 26 is
caused to operate. Thus, the desired called line
is fully selected. The impulses of the fourth
digit, as indicated above, cause the control ap-
paratus of the operated link to operate finally to
select the code of the ringing current and the
side of the selected line over which the ringing
current is to be projected provided divided ring-
ing is the type of ringing selected in response to
the impulses of the first digit.

A is a trunk call, .
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apparatus of the operated link functions to test
the line for the purpose of determining the busy

.or idle condition thereof.- If the called line is

busy, busy-tone current, as generated by a por-
tion of the apparatus 21, is not returned over the
loop extending to the calling subscriber’s substa-
tion until after the fourth or code selecting digit
is dialed at the calling substation. At the con-
clusion of his digit and if the called line is busy,
busy-tone current is returned over the loop to
indicate to the calling party that the desired
connection cannot immediately be completed.
On the other hand, if the called line is idle at the
time it is selected, ringing current of the se-
lected code corresponding to the desired called
substation is projected over the called line for
the purpose of energizing the signal device pro-
vided at the called substation. During the ring-

ing operation, ring-back-tone current is applied -

to the loop extending to the calling substation to
indicate to the calling party that the desired
substation is being signaled. Finally, the con-
nection between the calling and called substa-
tions is completed when the call is answered at
the called substation. The arrangement of the
link circuit apparatus is such that release of the
link utilized in setting up the desired connection

" between two lines terminating at the exchange

{0 is under the control of the calling party.
More particularly, the operated switch train is
released in response to a release operation per-
formed at the calling substation.

Referring now in greater detail to the appara-
tus provided at the operator’s position 200 and
‘he apparatus embodied in each of the repeaters
20, 25, 885 and 890, and considering first the line
terminating apparatus provided at the opera-
tor’s position 200, it is pointed out that the trunk
line 12 extends to one side of a repeating trans-
former 250, the other side of which is connected
to the springs of an answer jack 20f. A dialing
or calling jack 203 is also provided which is ar-
ranged to receive a plug 208 having its ring and
tip contacts connected to the impulsing and
shunt springs of a dial controlled impulsing de-
vice ‘204 of conventional construction and ar-
rangement in the manner illustrated. For the
purpose of signaling the operator on calls incom-
ing to the operator’s position 200, there is pro-
vided a signal device in the form of a drop 202
which is arranged to be energized by ringing
current projected over the trunk line 12 and

 traversing a condenser 225 connected in series

70

75

with the energizing winding of the drop. In or-
der to indicate the condition of connections
routed by way of the operator’s position 200,
there is provided a supervisory signal device in
the form of a lamp 205 which is arranged to be
controlled by three relays R220, R230 and R240.
Of the three enumerated relays, the relay R220
is arranged to be energized when an answer or
line connecting plug is inserted in the jack 201
and is operative to prepare the operating circuit
for the lamp 205, to open the circuit for ener-
gizing the drop 202, and to complete a circuit,

described hereinafter, for energizing the control -

relay R230, which latter relay is of the marginal
type. The relay R240 is provided for the pur-
pose of completing an impulsing circuit extend-
ing to the repeater 25 and traced hereinafter,
this relay being arranged to be energized only
during operation of the impulsing device 204 or,
more particularly, in response to closure of the
shunt springs 238 embodied in the impulsing de-
vice 204.

.the manner described hereinafter.

Referring now in greater detail to the repeater
28 illustrated in Figs. 3 and 4, this repeater in-
cludes a repeating transformer 380 having one

side at which the end of the trunk line 12 ex-

tending to the exchange (0 terminates and an-
other side arranged to he connected by way of the
link line 468 to the contact springs of certain of
the group relays emhodied in the finder and con-
nector switches forming the automatic switching
equipment of the exchange. This repeater also
includes nine relays illustrated in Pig. 3 and six
relays illustrated in Fig. 4. Of the relays illus-
trated in Fig. 3, the two relays R300 and R308
are arranged to control the application of ring-
ing current to the trunk line {2 on a call ex-
tended to the operator’s position 200 and operate
in an improved manner described more partic-
ularly hereinafter. The relay R310, which in-
cludes two windings, is, in effect, a line relay
controllable from the operator’s position 200 and
arranged to have one or both of its windings
energized in serles with the winding of the mar-
ginal relay R230. The lower winding of R310
is in effect an impedance element which is ar-
ranged selectively to be included in the series
circuit by way of which the winding of R230 is
energized. 'The impedance of the lower winding
of R310 is so proportioned relative to the im-
pedance of the winding of R230 and the imped-
ance of the upper winding of R310 that R230
operates only when the lower winding of R310
is excluded from the series circuit for energizing
R310 and R230. For the purpose of selectively
including one or both of the two windings of R310
in the series circuit for energizing this relay and
R230, there is provided a relay R315 which is
controliable by way of a connection extended to
the operator’s position 200. More particularly,
the relay R315 is arranged to be energized in re-
sponse to the operation of either of two bridging
relays R320 and R345, the first of which is of
the polarized type and operates only when its
two windings are cumulatively energized. The
slow-acting relay R325 is provided for the pur-
pose Of shunting the series path including the
winding 354 of the transformer 350, the upper

series of impulses transmitted from the opera-
tor’s position 200, thereby to reduce the resist-
ance of an established loop circuit extending to
an operated one of the connector switches in the
exchange [0 during a dialing operation. The
relay R330 is operative in response to the seizure
of the link line 468 by one of the connector
switches embodied in the exchange 10 and func-
tions as a line switching and control relay in
The slow-
acting relay R340, which is under the control of
the relay R345, is provided for the purpose of
initiating the operation of the ringing apparatus
and for the further purpose of completing a cir-
cuit, traced pereinafter, for impressing ringing
voltage on a calling loop circuit extending to a
calling automatic substation. Of the relays illus-
trated in Fig. 4, the relay R400 is provided for
the purpose of controlling the cutoff and line
switching relay R450 and for the additional pur-

poses of removing ground from the ringing ap-

paratus start conductor and opening the above-
mentioned circuit for impressing ringing voltage
on the link line 468. The slow-acting relay R410
is operative in response to the operation of the
line relay R310 and, in combination with the re-
lay R430, functions to complete start circuits,
described hereinafter, extending to the distrib-
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" utor and common equipment 28’, and to cause
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& pay station-tone signal to be transmitted to
the operator’s position 200 on calls incoming to
this position .and originating at telephone sta-
tions of the paystation type. More particularly,
the relay R430 is operative, when s call originat-
ing at a paystation is answered at the operator’s
Dposition 200, to cause the signal to be transmitted
to the operator’s position, and the slow-to-oper-
ate relay R440, which operates a predetermined
time interval after the operation of RA430, is ar-
ranged. to terminate the signal. The relay R430,
in combination with the slow-to-operate relay
R460, also functions momentarily to interrupt
an established loop circuit extending to the re-
peating transformer 350 for the purpose of caus-
ing a preceding repeater of the character illus-
trated in Figs. 7 and 8 to transmit g paystation~
tone signal to the operator’s position 200 on calls
originated at paystations and routed by way of
the two automatic exchanges 10 and 30 to the
oberator’s position 200. The paystation-tone sig-~
nal voltage is impressed between the control con-
ductor of the link line #68 and ground on calls
originating at telephone stations of the paysta-
tion type and associated with lines terminating
at the exchange (0. 'This voltage is, through the
operation of the relay R410, impressed upon the
input terminals of a coupling device in the form
of a transformer 420 having output terminals
arranged to be connected across the line con-
ductors of the link line 468 when the relay R430
oceupies its operated position. For the purpose
of balancing the impedances associated with an
established talking circuit when the relay R345
is connected to be energized over g loop extend-
ing to the repeating transformer 350, there is
provided an impedance element 409 having im-
pedance charsacteristics substantially identical
with those of the winding of R345.

Referring now in greater detail to the re-
peater 20, illustrated in Figs. 7 and 8, this re-
Deater comprises a repeating transformer 800
having one side terminating the conductors of
the trunk line 13 and the other side arranged to
be connected by way of the conductors of ‘8 link
line 790 to certain of the contact springs of cer-
tain of the group relays respectively embodied in
each of the finder and connector switches located
in the exchange 0. The relay and control equip-
ment included in this repeater comprises two re-

. lays R704 and RT00 which are operative to trans-
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mit a paystation signal by way of the trunk line
13 to the operator’s position 895 on calls orig-
inating at telephone stations of the paystation
type associated with lines extending to the ex-
change 10 and routed to this operator’s position.
The paystation-tone voltage which appears be-
tween the control conductor of the link line 790
and ground is impressed on the line conductors
of the trunk line I3 through the provision of

a coupling device in the form of g transformer .

703, which corresponds to the coupling device
420 shown in Fig. 4. There is also included in
the control equipment a line relay R125 which
operates when connections are routed by way
of the trunk line 13 to the exchange 10 and func-
tions to complete start circuits, described here-
inafter, extending to the distributor and com-
mon equipment 25’. ‘These start circuits are ar-
ranged to be interrupted through the provision
of a slow-to-release cutoff rélay R120 which is
controlled by a line switching relay R7T10 op-~
erative when the repeater 20 is seized by s con-
nector switch located in the exchange 10. The

I

relay RT80 is also operative in response to the
selzure of the link line 790 by one of the con-
nector switches provided in the exchange 10 and
functions to condition the remaining relay
equipment to extend the calling loop circuit to
the repeating transformer 800. The bridging
relays R130 and R138 are arranged to be ener-
gized in series over a loop circuit exten to
the repeating transformer 800 and are arr nged
respectively to control the battery- reversing re-
lay RT40 and the pulsing relay R840, The bat-
tery reversing relay is also controlled by a relay
Rrgo which is a slave to the slow-acting relay
R865.

The relay R840 is arranged to control g slow
acting relay R820 which, in turn, controls the
operating circuit for a second slow-acting hold
relay R830. The second slow-acting relay R830
is also arranged to be controlled by a relay R810.
The relay R840 is also included in an impulse
correcting network comprising two additional re-
lays R850 and R860, the last-mentioned of
which functions to repeat impulses by way of
the trunk line 13 to the automatic switching
equipment provided in the exchange 80. For
the purpose of reducing the impedance of an
established impulsing circuit extending by way
of this-trunk line, there is provided a slow-acting
relay R86§ which is arranged to shunt the line

“terminals of the windings 803 and 804 included

in the repeating transformer 800 during each
series of impulses. The relay R865 also operates
to shunt the winding of the relay R130, included
in the calling loop circuit, during impulsing.
The two relays R810 and R815 are bridging re-
lays and include windings arranged to be ener-

_ gized in series over an established loop ecircuit

extending by way of the trunk line 3. More
particularly, the relay R8i5 is of the polarized
type, such that it only operates when its two
windings are cumulatively energized. It is noted
that, after a connection is extended by way of
the repeater illustrated in Figs. 7 and 8 to an
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operator’s position in the distant manual office .

40, the relay R8I0 restores each time the es-

_tablished loop circuit to the operator’s position

is interrupted. Thus, this relay is arranged to
respond to the momentary interruption of the
loop circuit occurring when the operator at the
distant operator’s position answers and func-
tions to control the relay R104, which latter relay

50

is operative to cause a paystation-tone signal .

voltage to be impressed between the conductors
of the link line 190. In order to prevent the
relay R104 from being energized during the dial-
ing operation, or in other instances when the
loop circuit over which the relay R810 is ener-
gized, is interrupted, the two slow-to-release
relays R815 and R880 are provided, each of
which includes contacts for opening the oper-
ating circuit for R704.

Referring now more particularly to the opera-
tion of the repeater 25 shown in Figs. 3 and 4 to
route a connection from the manual office 15 to
one of the lines extending to the automatic ex-
change 10 on a call initiated at or routed by way
of the operator’s position 200, it is pointed out
that the operation of the repeater is started when
the operator inserts the plug terminating her tele-
phone set in the jack 201, thereby to connect the
line conductors of the cord extending to the oper-
ator’s telephone set by way of the springs 227 and
229, respectively, to opposite terminals of the
winding 251 of the repeating transformer 250. At
the springs 228, an obvious circuit is completed
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for energizing R220, which relay, upon operating,
prepares, at RA22{, a circuit for energizing the
signal lamp 208 and completes, at RA222 and
RC223, a circuit for energizing the winding of
R230 in series with the upper winding of R318 em-~
bodied in the repeater 28. The last-mentioned
circuit extends from ground at the upper terminal
of the winding of R230 by way of this winding,
RC223, RA222, RC244 and RA243, where it divides
into two branches; one extending by way of the
winding 254, C207 and the winding 352;.and the
other extending by way of the winding 253, C208
and the winding 351. From the junction point
between the windings 381 and 332, this circuit
extends by way of RA308, the resistor 308, RA3I1,
RC318 and the upper winding of R310 to battery.

. 'When energized over the above-traced circuit, the

two relays R230 and R310 operate, the first there-
of completing, at RA231, the above-mentioned
circuit for energizing the signal lamp 209, and the
second relay, R310 preparing, at RA3I1, a loop

_circult extending to the switching apparatus pro-

vided in the exchange 0. At RA312 and RC3I4,
the relay R310 completes a circult extending by
way of C368 for energizing the slow-acting relay
RAI0. .

When the relay R410 operates, it completes, at
RAA4II, a circuit extending by way of C363 for en-
ergizing the lower winding of the polarized relay
R320. The relay R320 does not operate when its
lIower winding is alone energized, this relay being
so constructed and arranged that it operates only
when both of its windings are cumulatively ener-
gized. At RA412, the relay R410, upon operating,
prepares a circuit, traced hereinafter, for energiz-
ing the slow-acting relay R325. At RA413 and
RCHIS, the relay R410 opens a point in the cir-
cuit, traced hereinatter, for energizing the switch-
ing relay R330 and, at RA4{3 and RC414, the re-
lay RAI0 completes a path for applying ground
to the control conductor C361, thereby to mark
the trunk line 12 as'busy in the connector switches
to which the conductors C358, C462 and C361 of
the link line 468 terminate. This marking path
extends from ground at the right terminal of
the lower winding of the impedance element 420
by way of this lower winding, RC&14, and RA4IS
to the control conductor noted. It is pointed out
that, through the operation of R410, the trunk
line 12 is marked busy to guard against the seiz-
ure thereof by one of the numerical switches pro-
vided in the exchange 10, immediately the call is
initiated at the operator’s position 200. Thus, the
trunk line 12 is guarded against seizure during the
period when one of the non-numerical switches
provided in the exchange 10 is operating to
seize the link line 468.

At RAAIG, the relay R410 completes circuits for
respectively energizing the relays R400 and R430.
‘The first of these circuits extends from ground at
RA4I6 by way of RCA05, RA4O4 and the winding

‘of R400 t{o battery, and the circuit for energizing

RA30 extends from ground at RA416 and through
the winding of R430 to battery. When the two
relays R400 and R430 operate, a holding circuit
for R400 is completed, which circuit extends from
ground at RA435 by way of RA403, RAAO4 and
the winding of R400 to battery. At RA40{, the
relay RA00, upon operating, opens a point in the
path, traced hereinafter, for connecting the ring-
ing-tone voltage source to the line conductor
C358, and, at RA4X08, the relay R400 completes
a path extending by way of RC40T and RA458 for
applying ground to the tone apparatus start con-
ductor C463, thereby to initiate the operation of

2,214,918

this apparatus in a well-known manner. At
RAA02, the relay R400 prepares a point in the cir-
gl.iti traced hereinafter, for energizing the relay

590. . )

The relay R430, upon operating, moves its ar-
mature RA433 into engagement with the asso-
clated weighted armature RA434. When RAA33
strikes the contact carried by RA434, the last-
mentioned armature starts to vibrate, alternative-
ly to make and break contact with -RA433. As
shown, these two armatures are included in the
operating circuit for the relay R448, which relay,
due to its slow-to-operate characteristic, does not
operate for a time interval required for RA434
to settle into resting engagement with RA433.
At RA442 and RAMS and their respective as-
sociated contacts RCA43 and RCH46, the relay
RA40, upon operating, opens two points in the
path, traced hereinafter, for impressing a pay-
station-tone voltage on the loop, including the
trunk line I2 and extending to the operator’s
position 200. At RA441, the relay RA40 opens a
point in an alternative path, traced hereinafter,
for applying ground to the tone apparatus start
conductor C463. .

At RA431, the relay RA30, upon operating, com-
bletes an obvious circuit for energizing the slow-
to-operate relay RA460, which latter relay, upon
operating, prepares, at RA46{, a loop circuit
which is described hereinafter. At RA436, the
relay R430 applies ground to the tens relay con-
trol conductor C485, which conductor is included
in the operating circuit for the one of the tens or
group relays provided in the distributor 25’ corre-
sponding to the group of lines including the link
line 468. At RA431, the relay R430 connects the
startconductorC467 to the unit relay control con-
ductor C466, thereby to prepare the operating cir-

10

30

cuit for the particular unit relay provided in the .

1d11115tr|1;mt°r 25’ which corresponds to the trunk
el2.

As explained in the above-referred to copend-
ing application Serial No. 189,121, when ground
is applied to the tens relay start conductor C465
and the start conductor CA67 is connected to the
unit relay control conductor C466, the group or
tens relay provided in the distributor 25‘, corre-
sponding to the particular group of lines includ-
ing the link line 468, and the particular uniit re-
lay corresponding to this trunk line are caused
to operate to initiate the operation of a pre-

viously assigned finder switch to seize the link’

line 468, providing an idle finder-connector link
is available.

The apparatus included in the distributor and
common equipment 25’ is so .arranged that, in
the event all of the links having access to the
link line 468 are busy at the time the calling
condition is created on the trunk line (2, busy-
tone voltage 1s impressed between the all-links-
busy conductor C464 and ground. Thus, if all
of the links provided in the exchange (8 and
having access to the link line 468 are busy, a
circuit is completed immediately the relay R310
operates ‘for causing a busy-tone signal to be
transmitted by way of the trunk line 12 to the
operator’s position 200. The path of the busy-
tone current extends from the ungrounded ter-
minal of the busy-tone source by way of C464,
the condenser 469, RAA4S4, C358, RA3{1, C356,
the winding 358, the condenser 353’, the wind-
ing 354, C3567 and RA452 to the grounded ter-
minal of the busy-tone source at RC453. The
alternating busy current flowing over the circuit
just traced causes a corresponding induced volt-
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age to be developed between the terminals of the
series connected Tepeating transformer wind-
ings 851 and 352, which voltage is impressed by
means comprising the trunk line (2 and the
transformer 250 between the terminals of the
receiver embodied in the .operator’s telephone
set. The resulting operation of the operator's
Teceiver indicates that the desired connection
can not immediately be established.

Assuming that the finder-connector link 24, 26
provided in the exchange 10 is idle at the time
the call is initiated at the operator’s position 200
and, further, that this link is the link which
has been previously assigned by the distributor
and common equipment 25’ to the use of the call,
when the group and units relays provided in the
distributor 25’ operate, the finder portion 24
of the assigned link is set in operation to seize
the link line 468. More particularly, the group
and unit relays provided in the switch 24 and
to the operated group and unit
relays in the distributor 25’ are caused to oper-
the conductors of the link line 468
through to the trunk extending to the connector
switch 26. As explained in the above-referred
to copending application, when the line 468 is
seized by the finder switch 24 and switched
through to the connector switc'1 26, certain of the
relays provided in the connector switch 26 are
caused to operate to apply ground potential to
one of the line econductors of the trunk line in-
coming to the switch 26, which one line con-
ductor is, following the complete operation of
the finder switch 24, connected to the line con-
ductor C462 of the link line 468. When ground
is applied to C462, the relay R458 is energized
OVer a circuit extending by way of this grounded
conductor, RA402, RCA457, RA456 and the wind-
ing of R459 to battery. Upon operating, the relay
R458 complstes g holding circuit for itself, this
circuit extending from ground at RA435 by way
of RA455, RA456 and the winding of R450 to
battery. At RA456 and RC451, the relay R450
opens a point in its operating circuit, as traced
above. At RA454, the relay R450 open a point
in the circuit, traced previously, traversed by the
busy-tone current and completed when an all-
links-busy condition prevails in the exchange 10.

At RA451 and RAA452, the relay R450 completes
the above-menticned loop circuit extending from
the repeating transformer 350 by way of the
link line 468 and the operated finder switch 24 to
the connector switch 26, thereby to provide a
holding circuit for the line relays embodied in
this connector switch, This loop circuit may
be partially traced as extending by way of C358,
RA311, C356, the winding 353, RA333, RC334,
‘the upper winding of R328, the resistor 31 9, the
winding 354, C357, RA452 and RA4S1 to C462. 1t
will be understcod that one or more of the re-
spective windings ‘of the two line relays provided
in the connector switch 26 are energized in series
with the upper winding of R320 when the above-
mentioned and partially traced loop circuit is
completed. The polarity of the current travers.
ing this circuit is such-that the upper and lower
windings of R320 are differentially energized.
Thus, the relay R320 is not caused to operate at
this time.

At RA468, the relay R450, upon operating, in-
terrupts the above-traced path for applying
ground to the tone apparatus start conductor
C463. At RA459, the relay R450 opens a point
in the above-traced path for applying ground to
the tens relay control conductor C465 and, at
RAA459’, the relay R450 opens a point in the path

7

for connecting the start conductor C467 to the
units relay control conductor C466. When
ground is removed from CA466 and the start con-
ductor C467 is disconnected from C466, the dis-
tributor and common equipment 25’ are released
for use in connection with other calls, it being
pointed out that thig apparatus operates to as-
sign another idle link for use on the next suc-
ceeding call immediately the link 24, 26 becomes
busy.

Following the operation of the finder switch 24
to seize the link line 468 and the operation of the
relay R450 to extend the above-traced loop cir-
cuit from the repeating transformer 350 to the
operated connector switch 26, ground. is returned
through the operated finder switch 24 fo the con-
trol conductor C367 to maintain the line 468
marked as busy, and the connector switch is con-
ditioned to respond to the impulses making up
the digits dialed at the operator’s position 200.
In this regard, it is noted that, when the loop
circuit is extended to the connector switch 26,
dial tone is returned over the loop and by way
of the trunk line 12 to the operator’s telephone
to indicate that the dialing operation may be
started. Upon receiving dial tone, the operator
inserts the plug 208 in the jack 293 and operates
the dial controlled inpulsing device 204 in ac-
cordance with the directory number identifying
the desired line. If, for example, the Iine 1t ex-
tending to the substation A is being called, a
four-digit number identifying the called line and
the ringing code of the called substation A is
dialed at the operator’s position 200. During
each series of impulses dialed at the operator’s
position 200, the shunt springs 238 embodied in
the impulsing device 20£ are closed to complete
a circuit extending by way of the jack spring 235
for energizing the relay R246. This circuit is
held completed at the shunt springs 238 through-
out each series of impulses. The relay R240,
upon operating, interrupts, at RA243 and RC244,
the above-traced series circuit including the wind-
ing of R230 and the upper winding of R310. At
RA242 and RA243, the relay R240 completes an
alternative circuit extending by way of the im-
pulsing springs 237 and the jack spring 234 for
holding the relay R310 operated. At RA24I1, the
relay R240 completes an obvious alternative cir-
cuit for maintaining the signal lamp 295 ener-
gized so that, when R230 restores, shortly after
the operation of R240, to open the original oper-
ating circuit for the Jamp 205, the illuminated
condition of this lamp is not disturbed. During
each impulse of each of the four digits dialed, the
springs 237 are opened to interrupt the circuit
over which R310 is being held energized, causing
this relay to restore to open, at RA311, the loop
circuit extending to the connector switch 26. At
RA312 and RC314, the relay R310, upon restor-
ing during the open circuit period of each im-
pulse, opens the above-traced operating circuit
for R410, but the latter relay, due to its slow-~to-
release characteristic, remains operated during
impulsing. At the beginning of the first impulse
of each digit and when R31 0 restores, the previ-
ously mentioned circuit is completed for energiz-
ing the slow-acting relay R325, this circuit ex-
tending from ground at RA312 by way of RC313,
C369, RA%I2, C364 and the winding of R325 to
battery. The relay R325 operates, when first en-
ergized over the above traced circuit, and short-
circuits, at RA326 the branch of the loop circuit
extending to the connector switch 26 ‘which in-
cludes the upper winding of R320, the resistor
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3198 and the repeating transformer winding 354,
thereby to reduce the resistance of the impulsing
circuit by way of which impulses are repeated to
the connector switch 26. Due to its slow-to-re-
lease characteristic, the relay R325 remains op-
erated during each series of impulses dialed at
the operator’s position 200. At the end of each
digit dialed, the relay R310 remains operated for
a sufficient time interval to permit the relay R325
to restore to open the above-mentioned short-
circuiting path. Also, at the end of each series

" -of impulses, the shunt springs 238 are opened to
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interrupt the above-mentioned circuit for ener-
gizing R240. When R240 restores, it obviously
recompletes the above-traced circuit for energiz-
ing the winding of R230 and the upper winding
of R310 in series, and opens the alternative cir-
cuit for energizing the signal lamp 205. This lamp
is, however, maintained energized, due to the re-
operation of R230. At the end of the dialing op-
eration, the calling plug may, if desired, be with-
drawn from the calling jack 203 for use in estab-
lishing other connections.

The apparatus embodied in the connector
switch 26 responds to the impulses dialed at the
operator’s position 200 and repeated thereto by
the repeater 25 by selecting the called line I
and by selecting the type of ringing and the code
of the ringing current to be used in signaling the
called substation, all in the manner explained
previously. The arrangement of the control ap-
paratus embodied in the switch 26 is such that
the called line is tested to determine the idle or
busy condition thereof immediately the line se-
lecting operation of the connector switch is com-
pleted. Busy-tone voltage is, however, not ap-
plied to the loop extending to the repeating
transformer 350 until after the final code select-
ing digit is dialed. If the called line is busy and
busy-tone voltage is ultimately applied to the loop
extending to the operated connector switch, the
current flowing over the loop causes an induced
voltage to be impressed between the line con-

.ductors of the trunk line |2 so that a busy-tone
‘signal is generated by operation of the receiver

included in the operator’s telephone set. On the
other hand, if the selected called line is idle,
ringing current of the selected code is projected
over the line to signal the desired substation A
and ring-back tone is impressed on the loop ex-
tending to the repeating transformer 350 and is
transmitted by way of this transformer, the trunk
line 12 and the transformer 250 to the receiver
embodied in the operator’s telephone set, to in-
dicate that the desired substation is being rung.

The desired conversational connection is com-
pleted when the call is answered at the substa-
tion A. A direct current bridge is placed across
the conductors of the line 11 when the call is
answered, which causes the back bridge or bat-
tery reversing relay conventionally provided in
the connector switch 26 to be energized. When
this back bridge relay operates, the exchange
battery is reversely connected to the line conduc-
tors of the link line 468 in the usual manner,
so that the current traversing the upper winding
of R320 is reversed and the two windings of the
last-mentioned relay are cumulatively energized.
The relay R320 now operates to complete, at
RA321, an obvious circuit for energizing R315.
The relay R385, upon operating, completes, ab
RA316 and RA311, an alternative circuit for en-
ergizing the two windings of R310 in series. This
circuit extends from battery at the upper ter-
minsl of the upper winding of R310 by way of
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the two windings of R310 in series, RA316, RA3I1,
the resistor 308, RA306, thé simplex circuit in-
cluding the two sides of the trunk line 2, RA243,
RC244, RA222, RC223 and the winding of R230 to
ground. At RA311 and RC318, the relay R315
opens the original operating circuit for R310.
The lower winding of R318 is a high resistance
winding, such that, when serially included in the
circuit by way of which the winding of R230 and
the upper winding of R310 are energized, insuf-
ficient energization is suppiied to the relay R230
to maintain this relay operated. Thus, the re-
lay R230 is caused to restore to open, at RA23I,
the operating circuit for the signal lamp 205.
The deenergized condition of this lamp indicates
that a talking connection is fully established.
After the desired connection to the substation
A is established, the operator may extend the
same to a calling one of the lines terminating
at the exchange {5 in the usual manner. Fol-
lowing the completion of the connection between
the calling and called parties, the operator at the
position 200 need not monitor the connection, but
may disconnect her telephone set therefrom and
rely upon the signal lamp 205 to indicate when

the connection is cleared out at the called sub-

station.

If the party who answers the call at the called
substation A desires to resignal the operator with-
out releasing the connection, he may do so by
momentarily operating the switchhook provided
at the called substation to open the loop circuit
extending to the operated connector switch 26
and thus cause the momentary restoration of
the back bridge relay embodied in this connector
switch. When the back bridge relay of the op-
erated connector switch restores, it reverses bat-
pery back over the loop extending to the repeat-
ing transformer 350 and in so doing reverses the
direction of current flow through the upper wind-
ing of R320, causing the last-mentioned reiay
to restore. Upon restoring, the relay R320
opens, at RA32{, the operating circuit for R315
and, when R315 restores, it removes the lower
winding of R310 from the series circuit by way
of which the relay R230 is energized. When the
high resistance lower winding of R318 is removed
from the series circuit noted, the relay R2380 is
sufficiently energized to operate and, upon oper-

ating, recompletes, at RA231, the operating cir-

cuit for the signal lamp 205. Obviously, when
the back bridge relay embodied in the connector
switch 26 reoperates to again reverse battery
over the loop extending to the repeating trans-
former 350, the two relays R320 and R3I5 are
caused to reoperate in the order named so that

the lower winding of R310 is again serially in-

cluded in the circuit including the upper wind-
ing of R310 and the winding of the relay R230.
Thus, R230 is caused to restore to interrupt, at
RA23I, the circuit for energizing the signal lamp
205. The flashing of the lamp 205 indicates to‘
the operator at the position 200 that she is be-
ing recalled by the party at the called substa-
tion A.

The release of the operated switch train is
completely under the control of the operator at
the position 200 after the call is answered by
the operhtor. When the party at the called sub-
station A hangs up, the back bridge relay em-
bodied in the connector switch 26 is caused to re-
store, in the manner pointed out above, to re-
verse battery back over the loop extending to the
repeating transformer 350. Thus, the polarity
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of R320 is reversed, and this relay is caused to
restore to open the operating circuit for R3I5.
When the relay R3I5 restores, it removes the
lower winding of R310 from the series circuit
including the winding of R230, causing the last-
mentioned relay to reoperate to again complete
the circuit for energizing the signal lamp 205.
The continuous illumination of this lamp indi-
cates that the connection has been released at
the called substation. The operator may now
initiate the release of the established switch
train by withdrawing the line connecting plug
from' the jack 2681 to open, at the springs 228,
the operating circuit for R220. Upon restoring,
the relay R220 opens, at RA222 and RC223, the
series circuit over which the two relays R230
and R310 are being held energized in series, caus-
ing both of these relays to restore. When the
relay R230 restores, it opens, at RA231, the cir-
cuit for energizing the signal lamp 205, and,
when the relay R310 restores, it opens, at RA3( i,
the loop circuit extending to the operated connec-
tor switeh 26. Thus, the line and hold relays
provided in the connector switeh 26 are caused
to restore to initiate the release of this switch
and the finder switch 24. When the link is
entirely released, certain of the relays provid-
ed in the counector switch 26 operate to mark
the link as idle in the distributor 25’, thus ren-
dering the link available for use on other calls.

When the relay R310 restores, it recompletes,
«t RA312 and RC313, the above-traced operating
circuit for R325 and interrupts, at RA3(2 and
RC314, the above-traced circuit over which R410
is being held energized. When R4I0 restores,
it opens, at RA4{2, the operating circuit for R325
and, at RA4I6, the operating circuit for R430.
The momentary reoperation of R325 is without
effect. At RASII, the relay R410 opens the
above-traced circuit for energizing the lower
winding of R320 and, at RA413 and RC414, it
Opens 2 point in the above-traced path for apply-
ng ground to the control conductor C367.
Thus, the trunk line { 2, and more particularly
the link line 468, is marked as idle in the con-
nector switches to which the last-mentioned line
extends. The relay RA430, upon restoring, opens,
at RA435 and its associated working contact, the
above-traced holding circuits for R400 and R450,
causing both of these relays to restore. At this
time, ground potential is no longer present on
the conductor C462 of the link line 468 so that
the relay R450 is not caused to reoperate. At
RA43! and RA433, Tespectively, the relay R430
opens the respective operating circuits for R460
and R440, causing both of these relays to restore.
The relay R400, upon restoring, opens, at RA403
and RA404, a further point in its holding circuit
and, at RA402, a point in the operating circuit
for R450. Thus, all of the relays illustrated in
Figs. 3 and 4 are returned to their respective
restored positions, and the repeater is conditioned
for further use.

As pointed out previously, if the connection
a5 routed by way of the trunk line 12, the
repeater illustrated in Figs. 3 and 4, and the
finder switch 24, to the connector switch 26 is
to be extended by way of one of the trunk lines
extending between the exchange 10 and the ex-
change 30 to a line terminating at the last-
mentioned exchange, the calling operator at the
position 208 is only required to dial & single digit
corresponding to the group of trunks noted.
‘When this single digit is dialed, the connector
switch 26 operates to seize a repeater associated

9

with a preselected idle one of the trunk lines in
the selected group. For example, if a trunk
selecting digit is dialed at the operator’s posi-
tion instead of the digits of the directory num-
ber identifying the substation A and the
repeater 20 illustrated in Figs. 7 and 8 is seized
by the connector switch 26, this connector switch
operates to switch the callin loop circuit through
to the repeater 20. When/the link line 790 ex-
tending to the repeater 20 shown in PFigs. 7 and
8 is seized by the connector switch 26, ground
is supplied to the control conductor C165 to com-
blete a circuit for energizing R180, this circuit
extending by way of C165, RATI8, RAT2T and
the winding of R159 to battery. When energized
over this circuit, the relay R750 operates to com-
plete, at RA155, an obvious holding circuit for
itself. At RA154, the relay R150 completes an
obvious circuit for energizing the lower winding
of R710, which latter relay, upon operating, com-
pletes, at RATt5 and RATI6, an obvious holding
circuit for itself. At RATI9, the relay R710 com-
bletes an obvious circuit for energizing the slow-
to-release hold relay R720 and, at RATIS, the
relay R710 opens a point in the above-traced
operating circuit for RI50. At RATI2 and
RATI4, the relay R710 opens a point in the cir-
cuit, traced hereinafter, for energizing the line
relay R125. At RATI6 and RC111, the relay
R110 disconnects the line conductor C764 from
the upper terminal of the upper winding of R110.
With the two relays R110 and R150 operated, the
loop circuit is extended to the repeating trans-
former 800 and the two relays R130 and R135 are
energized in series thereover. More particularly,
the circuit for energizing R130 in series with
R135 may be traced as extending from ground
at the lower terminal of the winding of R130 by
way of this winding, RC143, RAT42, C118, the
transformer winding 801, CT14, RATS2, CT10,
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RATI2, RATII, C164, one side of the loop extend- .

ing to the repeating transformer 350, the
bridged upper winding of R320, the other side
of the loop extending to the repeating trans-
former 380, C763, RA153, C7118, the winding
802, C716, RA145, RC146 and the winding of
R135 to battery. The two relays R130 and R135

. operate when energized over this loop circuit,

but the polarity of the current traversing the
circuit is such that the two windings of R320
are differentially energized and, hence, the relay
R320 does not operate. Upon operating, the
relay R730 prepares, at RAT31, a circuit, traced
hereinafter, for energizing R740. The relay
R135, upon operating, completes, at RAT36 and
its associated working contact, a circuit for ener-
gizing R840, this circuit extending from ground
at RA83l by way of C180, RAT36, C119 and the
winding of R840 to battery. Upon operating,
the relay R840 completes, at RA841, a holding
circuit for itself, which holding circuit extends
from ground by way of the resistor 841’, RA84I ,
C1780, RAT36, CT19 and the winding of R840
to battery. At RA842, the relay R840 com-
bletes an obvious circuit for energizing the slow-
acting relay R820, which latter relay, upon oper-
ating, completes, at RA825, an obvious circuit for
energizing R830. The relay R820, upon oper-
ating, also completes, at RA826, g path for
applying ground to the control conductor
C168, this path extending from ground at RAT09’

" by way of C789, RA826, C188 and RA155 to the

control conductor noted. The application of
ground to the control conductor. C165 by the
relay RB820 serves to prevent the operated
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switches in the exchange 10 from releasing and

also to prevent the operated relays R110, RT20,

R130, R135 and R150 from restoring. At RA8S24,
the relay R820 prepares & priming circuit, traced
hereinafter, for energizing the pulse responsive
relay R135. At RAS82f and RC823, the relay
R820 completes a loop circuit including the line
conductors €882 and C883 of the trunk 13 be-
tween the repeating transformer 800 and the
two-way repeater 885 associated with the distant
end of the trunk line and located in the ex-
change 30. As indicated above, the repeater
885 is identical in all respects with the repeater
shown in Figs. 7 and 8 and the completion of
the above-mentioned loop circuit results in the
operation of certain of the relays provided
therein, which relays, upon operating, cause one
of the finder switches in the exchange 30 to seize
the repeater 885 and to extend the calling loop
circuit to an associated one of the numerical
switches embodied in the exchange. More par-
ticularly, when the loop circuit is extended to
the repeater 885, the windings of the line relay
embodied therein and corresponding to RITi0
shown in Fig. 7 are energized over the loop cir-
cuit in series with the winding of R810 and the
lower winding of R815. One of the finder
switches embodied in the exchange 30 is caused
to operate to seize the repeater 885 in response
to the operation of the line relay embodied in
this repeater. After the loop circuit is switched
through to one of the connector switches in the
exchange 30, the winding of R810 and the lower
winding of R815 are held energized in- series
with the respective windings of two line relays
embodied in the seized connector switch. The
relay R810, upon operating, opens, at RAS8IH, a
point in the circuit, traced hereinafter, for ener-
gizing R104. Shortly after the relay R8I0
operates, the relay R830, which is energized in
response to the operation of R820, operates to
complete, at RA831 and its associated working
contact an obvious circuit for energizing the
upper winding of RB8IS. The two windings of
R815 are now differentially energized and, con-
sequently, this relay does not operate. The relay
R815 operates only when its two windings are
cumulatively energized. The relay R830, upon
operating, opens, at RA83! and its associated
resting contact, a point in the operating cir-
cuit, traced above, for R840. Af RA832, the
relay R830 prepares a point in the above-men-
tioned operating circuit for R104 and, at RAB833,
it completes a multiple path for holding ground
on the control conductor C16%5, this multiple
path extending from ground at RAT09’ or, the
lower terminal of the lower winding of the im-
pedance element 703, by way of C789, R833,
C188 and RAT55 to the control conductor noted.

As explained previously, the switching equip-
ment provided in the exchange 30 is substantially
a duplication of that shown in Fig. 5 and dis-
closed in the above-referred to copending appli-
cation in so far as the automatic switches are
concerned. When, therefore, the calling loop
circuit is extended by way of the repeater 885
and one of the finder switches in the exchange
30 to the connector switch associated with the
operated finder switch, the seized connector
switch is conditioned to respond to impulses
transmitted thereto in response to further opera-
tion of the impulsing device provided at the
operator’s position 200.

Impulses produced by further operation of the
impulsing device 204 provided at the operator’s
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position 200 are repeated by the repeater 28
shown in Figs. 3 and 4 and through the estab-
lished switch train comprising the finder 24 and
the connector switch 26 to the repeater 20 illus-
trated in Figs. 7 and 8. At the beginning of the
first impulse of the second digit dialed at the
operator’s position and when R310 restores to
open the loop circult extending through to the
repeater 20 shown in Figs. 7 and 8, the relay
R135, which is being held energized over this
loop . -cuit, restores to complete, at RAT36 and
its associated resting contact, a priming circuit
for itself, which priming circuit extends from
ground by way of the resistor 84t’, RAS4I, C180,
RAT36, C181, RA824, C182, the resistor 741 and
the winding of R135 to battery. Due to the
resistance of the two resistance elements 841’
and 141, the curent traversing this priming cir-
cuit is insufficient to cause the reoperation of
R135. Upon restoring, the relay R135 also.in-
terrupts, at RAT36 and its associated working
contact, the above-traced holding circuit for
R840, causing the last-mentioned relay to restore.
At RA84I, the relay R840, upon restoring, opens
the above-traced priming circuit for R135 and,
at RAB42, it opens a point in the operating cir-
cuit for R820. At RA843 and RC845, the relay
R840, upon restoring, completes a circuit for
energizing the slow-acting relay R865, this cir-
cuit extending from ground at RAB3I by way of
RA843, RC845, and the winding of RB865 to bat-
tery. At RA846, the relay R840 completes a cir-
cuit extending from ground at RA831 and by
way of RA853 for energizing the upper winding
of R860. At RAB84T, the relay R840. opens &
point in a circuit, traced hereinafter, for ener-
gizing the lower winding of R858. 'The slow-act-
ing relay RB865, upon operating, completes, at
RA868, an obvious circuit for energizing the
slow-to-release relay R815. At RA866, the relay
R865 completes a path extending by way of
C112 for short-circuiting the winding of R130,
thereby to remove the resistance of this winding
from the calling loop circuit for the purpose
of improving the impulsing characteristics of the
calling loop circuit. At RA861, the relay R868
short-circuits the series circuit including the
winding of R810, the lower winding of R815 and
the windings 803 and 804 of the repeating trans-
former 800, thereby to reduce the resistance of
the loop circuit extending to the operated con-
nector switch located in the distant exchange 30.
At RAB69, the relay R865 completes a circuit for
energizing the relay R160, this circuit extend-
ing from ground at RA831 by way of RA869,
C184 and the winding of RT160 to battery.

The relay R875, upon operating, opens at
RASTT a point in the circuit, traced hereinafter,
for energizing the lower winding of R104 and
completes, at RA8T6, an obvious circuit for ener-
gizing the slow-to-release relay R880 which lat-
ter relay operates to open at RA881 a further
point in the circuit for energizing RT104. The
relay R160, upon operating, completes a holding
circuit for itself, which circuit extends from
ground at RA831 by way of €185, RAT62 and the
winding of R160 to battery. At RAT6I, the relay
R160 prepares a circuit, traced hereinafter, for
energizing RT40. .

The relay R860 operates, when R840 restores
to complete the above-traced circuit for ener-
gizing the upper winding of R860, and, upon op-
erating, completes, at RA863, an obvious path
for short-circuiting its lower winding, thereby
to render itself slow to release. Ab RA862, the
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relay R860 completes an obvious holding circuit
for the slow-acting relay R820. At RA864, the
relay R860 completes the above-mentioned cir-
cuit for energizing the lower winding of R850,
this circuit extending from ground at RA83! by
way of RA864, RABAT and the lower winding
of R859 to battery. Since the upper winding
of R850 is normally short-circuited through the
armature RA882, this relay is slow to operate.
When the relay R850 operates it prepares, at
RA86t, the above-traced operating circuit for
R840 and opens, at RA853, the above-traced op-
erating circuit for R860. At RA854, the relay
R850 completes a locking eircuit for itself, which
circuit extends from ground at RA83{ by way
of RAB54, RA84T and the lower winding of R850
to battery. At RA852, the relay R850 opens the
path short-circuiting its upper winding and, at
RA853, it opens the above-traced operating cir-
cuit for R860. At RAS85I, the relay R850 com-
Dletes an alternative priming circuit for R135,
this circuit extending by way of C780, RAT36,
C181, RA824, C182, the resistor 147 and the-wind-
ing of R135 to battery. Due to the resistance of
the resistor 741, the relay R135 does not operate
when energized over this alternative priming cir-
cuit, but is conditioned to be fast to operate when
the calling loop ecircuit is subsequently recom-
pleted at the end of the open circuit period of
the impulse. An interval following the opera-
tion of R850, the relay R860 restores to open,
at RA864, a point in the above-traced operating
circuit for R850. At RA862, the relay R860 opens
the above-traced holding circuit for R820 and,
at RA863, the relay R86Q opens the path short-
circuiting its own lower winding.

The relay R850 remains operated until the
open circuit period of the first impulse is ended,
at which time R135 is again energized over the
calling loop circuit. Upon reoperating, the relay
R135 opens, at RAT36 and its associated resting
contact, its alternative priming circuit as traced
above and recompletes, at RAT36 and its asso-
ciated working contact, the above-traced operat-
ing circuit for R840. The last-mentioned relay,
upon reoperating, opens, at RA841, a point in
the above-traced holding circuit for R850 and
opens, at RA846, a point in the above-traced
operating circuit for R860. At RA843 and RC845,
the relay R840 opens the above-traced operating
circuit for R865 and, at RA843 and RC844, pre-
pares the operating circuit, traced hereinafter,
for R104, which latter circuit is now held open at
RABTT and RA881. Shortly following the re-
operation of R840, the relay R850 restores to
open, at RAB54, a further point in its holding
circuit and to close, at RA853, a point in the
operating circuit for R860. At RA85I, the relay
R850, upon restoring, opens a point in the oper-
ating circuit for R840, which latter relay is now
held energized over its holding circuit as traced
above and extending by way of the resistor 841’
and RAS4I,

At the beginning of the open circuit period of
the sécond impulse, the relays R135 and R840
restore, in the order named and in the manner
just described, whereby the sequential operation

of R860 and R850 followed by the restoration of

R860 is repeated. At the end of the open circuit
period of the second impulse, when the two re-
lays R135 and R840 reoperate, the relay R850
again restores. During each succeeding impulse
of the series, the above-described sequence of
operations is repeated, it being pointed out that
the relay R865, due to its slow-to-release char-
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acteristic, remains operated throughout the se-
ries of impulses and
the digit, at which time R840 is held operated
for a period of time exceeding the period required
for restoration of the relay R865. Each time
the relay R865 operates to short-circuit, at RA86T,
the series circuit including the winding of the
relay R810, the latter relay is deenergized and
restores to prepare at RAS{( a8 point in the
above-mentioned ecircuit for energizing R104.
The circuit for energizing R104 is, however, held
oven during impulsing by the two operated relays
R815 and R880. As indicated above, at the end
of each series of impulses the slow-acting relay
R865 restores to open, at RA866, the path short-
circuiting the winding of R1730, permitiing the
latter relay to reoperate. At RA861, the relay
RB865, upon restoring, opens.the path shunting
the series circuit including the two windings 803
and 804, the winding of R810 and the lower wind-
ing of R815, causing the relay R810 to reoperate
and open, at RABI{{,
R104 beforg the two slow-to-release relays R815
and R880 fall back. At RA868 the relay R865
opens a point in the above-traced operating cir-
cuit for R160. At RAB868, the relay R865 inter-
rupts the operating circuit for R815, causing
R815 and R880 to restore in the order named
to reprepare the operating circuit for R104. It
will be apparent from the foregoing description

that the relation between the period of deener- .

gization of the impulse repeating relay R860 and
the period of energization thereof during each
impulse is, within Iimits, independent of the
relation between the corresponding periods for
the impulse responsive relay R135. More par-
ticularly, the restoration of R135 at the begin-
ning of each impulse cycle initiates the opera-
tion of the three relays R840, R860 and R850 to
repeat the impulse, and the extent of the period
during which R860 is energized depends pri-
marily upon the slow-to-release characteristic of

only restores at the end of’
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this relay and the slow-to-operate characteristin -

of R850.

During each impulse of each digit, the relay
R860 opens, at RA861, a point in the loop circuit
extending by way ‘of the trunk line 13, the
repester 885 terminating the distant end of this
trunk lne, and the operated finder switch in the
exchange 30 to the connector switeh associated

- with the operated finder switch. The connector

switch into which the impulses are delivered re-
sponds in the manner pointed out ahove with
reference to‘»‘, the switching apparatus illustrated
in Fig. 5. More particularly, if the desired con-
hection is to be routed by way of the operated
connector switch in the exchange 30 and one of
the trunk lines extending to the manual office 40,
a single digit is dialed. The connector switch
responds to the digit by seizing a previously
assigned idle one of the trunk lines extending to
the manual office, or, more particularly, a two-
way repeater terminating an idle trunk line,
extending to the manual office 40 and switches
the calling loop circuit through thereto. On the
other hand, if the connection is to be routed to
one of the subscribers having a substation ass0-
ciated with one of the lines terminating at the
exchange 30, four additional digits are dialed at
the operator’s position 200, the impuulses of
which are repeated by the repeater illustrated in
Figs. 7 and 8 to the operated connector switch in
the exchange 80. 'This connector switch responds
to the impulses to select the desired called line
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and the code of the ringing current corresponding
to the desired substation on the called line.

1f the connection is routed to a subscriber’s line
terminating at the exchange 30 and the line is
found busy at the time it is selected by the oper-
ated connector switch having access thereto, busy
tone is returned over the trunk line 13 and by way
of the repeater illustratd in Figs. 7 and 8, the
established switch train in the exchange 10, the
repeater illustrated in Figs. 3 and 4, and the trunk
line 12 to the operator’s position 200. In the
event the selected called line is idle and ringing
current is projected thereover to signal the
desired substation, ring-back tone is delivered
over the partially established communication con-
nection to the operator’s position to indicate that
the desired called substation is being rung.

Assuming the connection is extended to the
substation B, the desired conversational circuit is
completed when the call is answered at this sub-
station. When the call is answered, the back
bridge relay or called party answer relay embod-
ied in the operated connector switch located in
the exchange 30 operates to reverse battery back
over the trunk line 13, thereby to reverse the
direction of current flow through the winding of
R810 and the lower winding of R815. The relay
R815 is now cumulatively energized and operates
to complete, at RA816, the above-mentioned cir-
cuit for energizing R740, which circuit extends
from ground at RA831 by way of C185, RAT3I,
C186, RABI6, CT183, RATEI and the winding of
R740 to battery. When energized over this cir-
cuit, the relay R140 operates its armatures RAT41
and RAT44G into engagement with their respective
associated armature springs RAT4Z and RATA4S,
thereby to reverse battery back over the loop
extending to the repéater illustrated in Figs. 3
and 4. The reversal of battery over the loop
extending to the last-mentioned repeater causes
the relay R320 to operate in the manner pointed
out above, which relay, upon operating, completes
the operating circuit for R315. When the relay
R315 operates, it includes the high resistance
lower winding of R310 in the series circuit by way
of which the relay R230 provided at the operator’s
position 200 is energized, causing the last-men-
tioned relay to restore. The relay R230, upon
restoring, opens the circuit for energizing the
signal lamp 205 and this lamp is darkened to indi-
cate that the desired connection is fully com-
pleted. During the interval when the called sub-
station B is being rung or after the call is an-
swered;, the operator located at the operator’s
position 200 may extend the connection back to a
calling one of the lines terminating at the ex-
change 15 in the usual manner and rely upon the
signal lamp 205 to indicate when the connection
is to be released. In this regard it is pointed out
that the entire switch train by way of which the
connection is routed to the called substation B is
held operated until the operator at the operator’s
position withdraws the line connecting plug from
the jack 201. Hence, if the answering party at
the called substation B desires to recall the oper-
ator at the operator’s position 200, he may oper-
ate the switch hook at the called substation up
and down one or more times to cause the signal
lamp 205 to flash, without any danger of releasing
the operated switch train.

More particularly, each time the called party
momentarily operates the switch hook at the
called substation B to its normal position, the loop
circuit extending to the called substation is
opened for a short interval and the back bridge
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relay embodied in the operated connector switch
located in the exchange 30 restores for a short
period to reverse battery back over the loop
extending to the repeater 20 illustrated in Figs. T
and 8.. The momentary reversal of battery over
the last-mentioned loop causes the relay R815 to
be differentially energized and this relay restores
for a short period. Upon restoring, the relay R815
opens, at RA8(6, the above-traced operating cir-
cuit for RT406, which latter relay restores to
reverse battery back over the loop extending to
the repeater 25 illustrated in Figs. 3 and 4. Obvi-
ously, when R815 reoperates, the relay R740 reop-
erates to again reverse battery over the loop
extending to the repeater 25. During the inter-
val when RT40 is restored, the relay R320 is differ-
entially energized and restores to open the oper-
ating circuit for R315, causing the latter relay to
restore and remove the high resistance lower
winding of R310 from the series circuit over which
R230 is energized. Hence, R230 is caused mo-
mentarily to reoperate to complete, at RA231, the
circuit for energizing the signal lamp 205. The
flashing of the signal lamp 205 indicates to the
operator that she is being recalled by the called
party at the substation B.

When the called party at the substation B
hangs up at the end of the conversation, the loop
circuit extending to the called substation is inter-
rupted to cause the sequential restoration of
R815, R140, R320 and R315 in the manner just
described. When R315 restores, the lower wind-
ing of R310 is removed from the circuit over
which R230 is energized and the last-mentioned
relay reoperates to recomplete the circuit for
energizing the signal lamp 205. Continuous
{llumination of the lamp 205 indicates that the
connection has been cleared out at the called sub-
station. When the operator at the operator’s
position 200 withdraws her line connecting plug
from the jack 204, the relay R220 restores, in the
manner pointed out above, to open the circuit
over which R230 and the upper winding of R310
are being held energized in series, causing both of
these relays to restore. When the relay R310
restores, the loop circuit extending through the
operated switch train in the exchange 10 to the
repeater 20, illustrated in Figs. 7 and 8, is opened,
causing the two relays R130 and R135 to restore.
When R130 falls back it opens, at RAT3{, the
operating circuit for R140, causing the latter re-
lay to restore. The relay R135, upon restoring,
opens, at RAT36, the holding circuit for R840.
When the relay R840 falls back, it opens, at
RA842, the operating circuit. for R820 and re-
completes, at RA843 and RCB845, the orerating
circuit for R865. Upon operating, the relay R865
completes, at RA868, the operating circuit for
R815, thereby to cause the sequential operation
of R815 and R880.
completes the above-traced operating circuit for
RB860, which latter relay, upon operating, opens,
at RA861, the loop circuit extending to the oper-
ated switch train in the exchange 30. When
RB60 operates, it completes, at RA864, the oper-
ating circuit for R850 and, at RA862, the holding
circuit for R820. Shortly thereafter, the relay
R850 operates to open, at RAB83, the operating
circuit for R860 and to complete its holding cir-
cuit. When R860 restores, it opens the holding
circuit for R820 permitting the last-mentioned
relay to fall back, after an interval, to open the
operating circuit for R830. When R830 restores,
it. opens the operating and holding circuits for
R850, R860, R865 and R160, causing the operated

At RA846, the relay R840
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ones of these relays to restore. When the relay
R865 reoperates, it shunts, at RA867, the series
circuit including the two windings 803 and 804,
the lower winding of R815 and the winding of

.R818, causing the last-mentioned relay to restore,

-and when R865 thereafter restores the loop cir-
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cuit over which the winding of R810 is energized
is open at RA821 and RC823 so that R8I0 does
not reoperate. At RA868, the relay R865 opens
the operating circuit for R81S5, thereby to cause
the sequential restoration of this relay and the
relay R880. When the relay R860 reoperates, in
the manner just described, it opens, at RA86!
and RC823, a point in the loop circuit extending
between the repeater illustrated in Figs. 7 and 8
and the operated switch train in the automatic
exchange 30. Also, when the relay R820 falls
back, a further point is opened in this loop cir-
cuit so that the operated switch train in the ex-
change 30 is permitted to release in the manner
described above with reference to the apparatus
illustrated in Fig. 5. When the two relays R820
and RB830 restore, the two paths, traced previ-
ously, for applying ground to the control con-
ductor C165 are opened, and the holding circuits
for RT10 and R150 are interrupted, ' causing the
two last-named relays to restore. When ground
is removed from the control conductor C1765, the
operated switch train in the exchange 10 and in-
cluding the two switches 24 and 26 is permitted
to release in the manner described above, During
the release of the operated switch train in the
exchange 10, ground is removed from the control
conductor C361. Thus, the connection is en-
tirely released and the switching apparatus in-
volved therein is conditioned for further use.
The arrangement of the repeater illustrated in
Figs. 7 and 8 is such that this repeater and the
preceding switch train in the exchange 10 are
held operated until after the operated switch
train in the exchange 30 is released. Thus, so
long as the loop circuit extending to the called
substation is complete, the battery reversing re-
lay provided in the operated link in the exchange
30 is energized and battery potential is extended
to C882 through the winding of one of the line
relays embodied in the operated link in the ex-
change 30. Hence, when the relay R820 is caused
to restore in response to the release of the con-
nection at the calling end thereof and in the
manner just described. it completes a circuit for
energizing the relay R870 in series with the line
relay embodied in the operated link in the ex-
change 30 from which battery potential on C882
Is derived. This circuit extends from ground
by way of the winding of R870, CT171, RATSI,
CT13, RC822, RAB2I, RAS6I, C882 and the wind-
ing of the line relay noted to battery. The ener-
gization of this line relay is insufficient, to hold the
relay operated so that the operated switch train
in the exchange 30 is not prevented from releas-
ing. The relay R870 operates when energized
over the circuit just traced and completes at
RA8T1 an obvious holding circuit for R830. With
R830 operated the repeater illustrated in PFigs. 7
and 8 and the switch train in the exchange 10 are
held operated until the operated switches in the
exchange 30 are released. at which time the cir-
cuit over which R870 is being held energized is
interrupted. When R870 restores it opens the
holding circuit for R830 causing the latter relay
to restore to cause the full release of the repesater
illustrated in Figs. 7 and 8 and the operated link
in the exchange 10 in the manner set forth previ-
ously. If the connection is cleared out at the

13

called substation before the calling party hangs
up, the battery reversing relay provided in the
operated connector switch in the exchange 30 is
restored and, hence, ground potential is present

on C882 so that no circuit for energizing R870 is.

completed in response to the restoration of R820.
Thus, the release of the repeater lllustrated in
Figs. 7 and 8 is not influenced by the relay R870.

Referring now more particularly to the opera-
tlon of the repeater 28, fllustrated in Pigs, 3
and 4, to route a connection to the operator’s
position 200 in response to the seizure thereof
by one of the connector switches embodied in
the exchange 10 and assuming that the call to
the manual office 15 is initiated at the substation
A, and, further, that the connection is routed
by way of the finder switch 24 and the connector
switch 28, when the last-mentioned switch op-
erates to seize the link line 468 extending to the
repeater, the calling loop circuit is switched
through thereto and ground is impressed upon
the control conductor C361. The ground poten-
tial impressed upon C3867 results in the energiza-
tion of R330 over s circuit extending by way of
C361 RAAI3, RC4I5, C366 and the winding of
R330 to battery. When energized over this cir-
cuit, the relay R330 operates to complete, at
RA338, a holding circuit for itself, which circuit
extends by way of the grounded conductor C3617,
RA338 and the winding of R330 to battery. At
RA332, the relay R330 completes a circuit extend-
ing by way of C359 for energizing R450. At
RA331, the relay R330 brepaues the loop circuit to
the repeating transformer 350 and, at RA333 and
RA336, connects the winding of R345 to be en-
ergized by way of the last-mentioned loop cir-
cuit. At RA331, the relay R330 closes a point
in the path, traced hereinafter, for impressing
paystation-tone voltage across the line conduc-
tors C357 and C358. The relay R450, upon op-
erating, opens, at RA454, the previously-traced
path for impressing busy tone upon the loop ex-
tending to the operator’s position 200 when an
all-links-busy condition exists. At RA458, the
relay R450 opens a point in one path for apply-
ing ground to the tone apparatus start conduc-
tor. At RAA459, the relay R450 opens a point in
the path for applying ground to the tens relay
control conductor and, at RA459%’, it opens a
point in the path for connecting the start con-
ductor C467 to the unit relay control conductor
C466, thereby to prevent a finder-connector link
in the exchange 10 from oberating when the re-
lay RA30 is subsequently caused to operate, At
RA45SI and RA452, the relay R450 extends the
calling loop circuit to the repeating transformer
350, thereby to cause the energization and op-
eration of the relay R345. More particularly,
the last-mentioned relay is energized over a cir-
cuit extending from ground at RAA431 by way of
the line balancing impedance element 409, C360,
RA336, the winding 354, C351, RA452, RA4SI,
C462 and the corresponding side of the loop ex-
tending to the calling substation, the bridge con-
nected between the line conductors of the call-
ing line at the calling substation, the opposite
side of the loop extending to the calling substa-
tion, C358, RA331, the winding 353, RA333,
RC335 and the winding of R345 to battery.
Upon operating, the relay R345 completes, at
RA346 and RA341, respectively, circuits for en-
ergizing the two relays R315 and R340, respec-
tively. At RA348, the relay R345 completes a
circuit extending by way of RA303 for energiz-
ing the slow-to-operate relay R305. The relay
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R315, upon operating, includes the high resist-
ance lower winding of R310 in the previously-
traced series circuit for energizing R310 and
R230. When the relay R340 operates, it applies
ground to the ringing apparatus start conductor
C344 over a path including RA406, RC408, C3Ti
and RA343, thereby to initiate the operation of
the ringing apparatus in the usual manner. At
RA342, the relay R340 completes a path for ap-
plying ground to the control conductor C367,
thereby to maintain the switches 26 and 24, in-
cluded in the established switch train, operated

“and to maintain the trunk line 12 marked as

busy in the connector switches located in the ex-
change (0. The last-mentioned path extends
from ground at the right terminal of the lower
winding of the impedance element 420, by way
of this winding, C365, RA342, C366, RC4{5 and
RA413 to the control conductor C367. At RA34I,
the relay R340 completes a circuit for impressing
ringing-tone voltage on the loop extending to
the calling substation. More particularly, the
path of the current traversing this circuit ex-
tends from the ungrounded terminal of the ring-

ing current source, not shown, but embodied in

the apparatus 21, by way of C327, the condenser
328, RA341, C329, RA40I, C358, one side of the
loop extending to the calling substation, the re-
ceiver of the telephone instrument provided at
the calling substation, the other side of the loop
extending to the calling substation, C462, RA45I,
RAA452, €351, the winding 354, RA336, C360, the
impedance element 409, and RA341 to the
grounded terminal of the ringing current source.
The operation of the receiver at the calling sub-
station indicates to the calling party that the
manual office operator is being signaled.

When the slow-to-operate relay R305 is ener-
gized, it operates to complete, at RA306, a circuit
for energizing the signal device or drop 202 pro-
vided at the operator’s position 200. Specifically,
this circuit extends from the ungrounded termi-
nal of the ringing current source by way of C322,
RA306, the above-traced simplex circuit includ-
ing the two sides of the trunk line 12 and the
repeating transformer windings 351, 352, 2353
and 254. From the junction point between the
two windings 253 and 254, the circuit extends
by way of RA243, RC244, RA222, RC224, the con-
denser 225 and the winding of the magnet em-
bodied in the drop 202 to the grounded termi-
nal of the ringing current source. The resulting
operation of the drop 202 indicates to the opera-
tor at the position 200 that an incoming call
awaits attention. o )

When the relay R305 operates, it also com-
pletes a circuit for energizing the upper winding
of R300, this circuit extending from the un-
grounded terminal of the alternating ringing cur-
rent source by way of C322, RA307, RA30I, the
condenser 304, the upper winding of R300 and
the exchange battery to the grounded terminal
of the ringing current source. When its upper
winding is energized over the circuit just traced,
the relay R300 closes the “X” contacts associated
with RA302 to complete a circuit for energizing
its lower winding, which circuit extends from
ground at RA332 by way of C359, RA456, RA455,
C310, RA302 and the lower winding of R300 to
battery. When its lower winding is energized
over the circuit just traced, the relay R300 com-
pletes its operation to open, at RA301, the cir-
cuit for energizing its upper winding and to open,
at RA303, the operating circuit, as traced pre-
viously, for R305. Thus, the relay R30% is caused
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to restore to interrupt, at RA306, the above-

traced circuit for energizing the drop 202 and to -

open, at RA307, the above-traced circuit for en-
ergizing the upper winding of R300. It will be
observed that the two relays R305 and R300 co-
operate to transmit only a splash of ringing cur-
rent over the trunk line 12 to energize the signal
device 202, the period during which ringing cur-
rent is projected over the line being equal to the
time required for R300 fully to operate follow-
ing the energization of its upper winding.

The operator at the position 200 answers the
call in the usual manner by inserting the plug
terminating the cord extending to her telephone
set in the jack 201, thereby to complete, at the
springs 228, the operating circuit for R220. When
the relay R220 operates, it opens, at RA222 and
RC224, a further point in the above-traced cir-
cuit for energizing the signal device 202. At

RA22(, the relay R220 prepares the circuit for ¢

energizing the signal lamp 205 and, at RA222 and
RC223, the relay R220 completes the above-
traced circuit for energizing the winding of R230
in series with the upper winding of R310. At
this time the high resistance lower winding of
R310 is included in the last-mentioned circuit,
so that the relay R230 does not operate. The
relay R310 operates, however, and completes, at
RA312 and RC314, the circuit, traced previously,
for energizing the slow-acting relay R4(0. When
the relay R410 operates, it completes, at RA4(6,
the circuits traced previously for energizing the
relays R400 and RA430, respectively. At RA406
and RC407 the relay R400 completes a path ex-

tending by way of RA441 for applying ground -

to the tone apparatus start conductor C463,
thereby to initiate the operation of this appa-
ratus in the usual manner. At RA413 and
RCA14, the relay R410 completes the previously-
traced path for applying ground to the control
conductor C361, thereby to maintain the switches
24 and 26 operated and to maintain the trunk
line 12 marked as busy in the connector switches
located in the exchange 18. At RA4{l the relay
R410 completes the above-traced circuit for en-
ergizing the lower winding of R320. At RA412,
the relay R410 prepares a point in the operating
circuit for R325, and at RA413 and RC415 the
relay R410 opens a point in the operating circuit
for R330. The relay R400, upon operating, opens,
at RA401, the above-traced circuit for impressing
ringing-tone voltage on the loop extending to the
calling substation and interrupts, at RA406, a
point in the above-traced path for applying
ground to the ringing apparatus start conductor
C344. . At RA403 and RA404, the relay RA400
completes a locking circuit for itself, which lock-
ing circuit extends from ground at RA332 by way
of C359, RA456, RA455, RA403, RA404 and the
winding of R400 to battery.

The relay R430, upon operating, completes, at
RA435, multiple holding circuits for the two re-
lays R400 and R450 and completes, at RA432, the
above-mentioned path for impressing paystation-
tone voltage on the loop extending to the opera-
tor’s position 200,

As explained in the above-referred to copend-
ing application, when a call is initiated at a sub-
station of the paystation type, an alternating
paystation-tone voltage is impressed upon the
control conductor included in the associated line,
which voltage is, on trunk calls, impressed be-
tween ground and the control conductor of the
repeater associated with the selected trunk line.
Thus, in the case here being considered, if the
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substation A is of the paystation type, an al-
ternating paystation-tone voltage is impressed
between C367 and ground when ground is im-
pressed upon the tone apparatus start conductor
C463 to initiate the operation of the tone appa-
ratus. This voltage causes a current to flow by
way of RA4I3 and RCAI4 through the lower
winding of the impedance element 420. The cur-

‘rent flowing in the lower winding of the element

420 causes an induced voltage to be developed in
the upper winding of the element, which voltage
is impressed across the.two conductors C356 and
C358. More particularly, the induced voltage de-
veloped between the terminals of the upper wind-
ing of the element 420 causes a current to flow
over a circuit which extends from the right ter-
minal of the upper winding of the element 420, by
way of RA45, RCA46, C358, RA33I or RA3IIL,
356, the winding 358, the condenser 358’, the
winding 354, C357, the condenser 448, RC#443,
RA442, RAA32, C861, RA3ST and C362 to the left

terminal of the upper winding of the element

420. It will be noted that this circuit is com-
pleted at RA432 in response to the operation of
R430. The paystation-tone current traversing
the two windings 353 and 354 of the transformer
350 causes an induced paystation-tone voltage
to be developed across the two windings 351 and
352, whereby a paystation-tone signal is trans-
mitted by way of the line {2 and the transform-
er 250 to the operator at the position 200.
When the relay R430 operateés, it also opens, at
RA431 and its associated resting contact, a point
in the loop circuit through the operated switch
train to the calling substation. At RA43{ and
its associated working contact, the relay R430
completes an obvious circuit for energizing the
slow-to-operate relay R460, which latter relay,
upon operating, recompletes, at RA461, the loop
circuit extending to the calling substation. Dur-
ing the interval when the loop circuit is open the
relay R345 restores, but without effect. It will
be apparent that the interruption of the loop
circuit extending to the calling substation is only

5 of short duration and, in the case here being

considered, is without. effect. The purpose of
providing the arrangement for momentarily
opening the loop circuit when the call is an-
swered at the operator’s' position is explained

more fully hereinafter with reference to a con- '
nection routed from s paystation by way of the’

automatic exchange 10 and the automatic ex-
change 30 to the operator’s position 895 located
in the manual office 40. As indicated above, the

5 relay RA430, upon operating, rapidly moves its

associated armature RA433 into engagement with
the contact carried by RA434, causing the last-
mentioned srmature to start vibrating, inter-
mittently to complete the operating circuit for

the slow-to-operate relay R440, When the vi-'

bration of RA434 is substantially ended and the
contact carried by this armature settles into
engagement with RA433, the relay R440 operates
to open, at RA442 and RA445 and their respec-
tive associated contacts RC443 and RC446, two
points in the above-traced circuit traversed by
the paystation-tone current. At RA447, the re-
lay R440 opens a point in the path, traced above,
for applying ground to the tone apparatus
start conductor C463. Following the operation
of R440, the desired conversational circuit be-
tween the operator’s position 200 and the sub-
station A is completed, the operator being in-
formed by the receipt of paystation tone that
the call originates from a substation of the pay-

- 18

station type. After receiving the information as
to the party desired by the calling party, the
operator may extend the connection tq/ the de-
sired line in the manner conventionally/employed

"in manual office practice.

If the operator at the position 200 desires to
recall the paystation-tone signal, she may do so
by momentarily withdrawing her answer plug

from the jack 201, thereby to open the operat-’

ing circuit for R220. When R220 restores it in-
terrupts the circuit for energizing R230 and R310.
When R310 restores it opens the operating cir-
cuit for R410 and recompletes the operating eir-
cuit for R325, which latter relay may reoperate
but without effect. When R410 restores it opens,

“at RAA16, the operating circuit for R430, caus-

ing R430, R440 and R460 to restore. The relay
RA430, upon restoring, shunts, at RA431, the arma-
ture RA461 so that the calling loop circuit is not
interrupted when R460 restores. With the call-
ing loop circuit complete, the relay R345 re-
mains operated to hold the relay R340 energized,
and with R340 energized the holding circuit for
R330 is maintained complete and ground is re-
tained on the control conductor C367 to prevent
the operated switch train in the exchange i0
from releasing. More particularly, the holding
circuit for R330 extends from ground at the right
terminal of the lower winding of the impedance

_element 420 by way of this winding €365, RA342

and the winding of R330 to battery. The path
for holding ground on the control conductor
C3861 extends by way of the grounded conductor
C365, RA342 and RA338 to C367. With R330
operated, the multiple holding circuits for RA50
and R400 are held completed at RA332. When
the operator’s answer plug is reinserted in the
jack 201, the relay R220 reoperates to cause the
reoperation of R230 and R310. When R3(0 re-
operates it recompletes the operating circuit for
RA4I0, to cause the operation of R410 and RA430.
When R430 operates it momentarily opens, at
RA431, the calling loop circuit to cause the mo-
mentary restoration of R345 and completes the
operating circuit for R460, which latter relay
upon operating recompletes the calling loop cir-
cuit to cause the reoperation of R345 before the
slow-acting relay R340 can restore. At RA4I3
and RCA414, the relay R410 recompletes the mul-
tiple path for applying ground to C367 and for
conducting -paystation-tone current by way of
the lower winding of the impedance element 420.
When the relay R430 operates it again com-
pletes the path, traced previously, for applying
paystation-tone voltage across the line conduc-
tors €357 and €358, thereby to cause the paysta-
tion-tone signal to be transmitted to the oper-
ator’s position 200, At its armature springs
RA433 and RA434, the relay R430 closes the op-
erating circuit for R440, after an interval, and
when R440 operates it opens the path for apply-
ing paystation-tone voitage between the line con-
ductors C357 and €358, thereby to terminate the
signal. From the foregoing it will be apparent
that the operator who answers the call at the
position 200 may recall the paystation-tone signal
as many times as she desires.

After the operator answers the call the oper-
ated switch train cannot be released until the
operator withdraws her line connecting plug from
the jack 201. Thus, so long as the plug is re-
tained in the jack the relay R220 is held ener-
gized to maintain the circuit for energizing R310
completed. With R310 operated the operating
circuit for R410 is held completed and with the
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last-named relay operated ground is retained

on the control conductor C387 to prevent the -

operated switches from being  released even
though the 'loop circuit is interrupted at the
calling substation. Hence, the arrangement is
such that the calling party may repeatedly op-
erate the hook switch provided at the calling sub-
station up and down, for the purpose of flashing
the signal lamp 206 to recall the operator, with-
out any danger of releasing the operated switch
train. Each time this hook switch provided at
the calling substation is momentarily operated to
open the loop circuit, the relay R345 restores for
a short interval to open, at RA346, the operating
circuit for R315. During the interval when R3(5
is restored, the lower winding of R310 is removed
from the series circuit including the winding of
R230, causing the latter relay to reoperate and
complete the circuit for energizing the lamp 205.
Obviously, the relay R230 operates and restores
each time the loop circuit extending to the call-

ing substation is interrupted and completed,

thereby to cause the signal lamp 205 to be re-
peatedly energized. The flashing of the lamp
indicates to the operator that she is being re-
called by the calling subseriber.,

When the calling party hangs up at the end
of the conversation, the loop circuit extending to
the repeating transformer 350 is opened, and the
two relays R345 and R3(5 are caused to restore
in the manner just described. At RA341, the re-
lay R345 opens the operating circuit for R340,
causing the latter relay to restore. When R316
restores, it removes the high resistance lower
winding of R310 from the energizing circuit for
R230, causing the last-mentioned relay to re-
operate to complete the circuit for energizing the
signal lamp 205. The continuous illumination of
this lamp indicates to the operator at the posi-
tion 200 that the connection is ready to be re-
leased. When the operator removes her line
connecting plug from the jack 201, the line relay
R220 restores to open the series circuit over
which R310 and R230 are being held energized in
series, causing both of these relays to restore.
The relay R230, upon restoring, opens the cir-
cuit for energizing the signal lamp 205. When
R310 falls back, it opens, at RA3I2 and RC3(4,
the above-traced operating circuit for R410 and
completes, at RA312 and RC3{3 the previously-
traced operating circuit for R325. When the re-
Jay R410 restores, it opens, at RA&II, the above-
traced circuit for energizing the lower winding of
R320 and, at RA416, a point in the operating cir-
cuits for R400 and R430. At RA412, the relay
R410 opens the operating circuit for R32§, causing
this relay to restore. At RA413 and RCAIS, relay
R410, upon restoring, opens a point in the path
for applying ground to the control conductor
C361, thereby to open the holding circuit for
R330 and to initiate the release of the operated
switch train in the exchange 10.

When the relay R330 falls back, it opens, at
RA338, a point in the holding circuit for itself.
At RA331. RA333 and RA336, the relay R330
opeus additional points in the loop circuit ex-
tending to the calling substation. When the re-
lav R430 falls back, it opens, at RA435 and its
associated working contact, a point in the com-
mon portion of the multiple holding circuits for
R400 and RA450, causing both of the two last-
mentioned relays to restore. At RA433 and
RA434, the relay R430 opens the operating cir-
cuit for R440 and, at RA43, it opens the oper-
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ating circuit for R460, whereby the two last-
hNamed relays are caused to restore. At RA435,
the relay R430, upon restoring, also opens a point
in the holding circuit for R300, causing this re-
lay to restore. Thus, all of the equipment in-
cluded in the operated switch train is released
and is conditioned for further use. :

As indicated above, the arrangement is such
that if the connection is cleared out at the op-
erator’s position 200 before the calling party
hangs-up, the switch train including the oper-
ated link in the exchange 10 and the repeater
illustrated in Figs. 3 and 4 is held operated until
the calling party restores his receiver to its hook.
Thus, so long as the loop extending to the calling
substation is not interrupted, the relays R345,
R340, R330, R3I5, R300, R400 and R450 are held
energized, even though the connection is cleared
out at the operator’s position 200, When, how-
ever, the calling party hangs up to interrupt the
calling loop circuit, the relay R345 restores to
cause the sequential restoration of R315, R340,
and R330 in the order named. When R330 re-
stores it opens, at RA332, the respective holding
circuits for R450, R400 and R300 causing all of
these relays to restore. Also, when R340 restores
ground . is removed from the control conductor
C3617, thereby to initiate the release of the op-
erated switches 26 and 24 and to mark the re-
peater illustrated in Figs. 3 and 4 as idle.

Referring now more particularly to the oper-
ation of the repeater illustrated in Figs. 7 and
8, during operation of the apparatus to set up
2 connection between the substations B and A
on a call initiated at the first-mentioned sub-
station, it is pointed out that, when the auto-
matic switching equipment provided 'in the ex-
change 30 operates to switch the calling loop
through to the repeater 885 located in this ex-
change and associated with the trunk line 83,
this last-mentioned repeater operates in the ex-
act manner set forth previously with reference
to the repeater 20, illustrated in Pigs. 7 and 8,
to extend an intermediate loop circuit by way
of the trunk line conductors C882 and C883 of
the trunk line {3 to the repeater shown in Figs.
7 and 8. This loop circuit includes the winding
of the relay, included in the repeater 885 and
corresponding to R810 shown in Fig. 8, and also
the lower winding of the relay, included in the

repeater 885 and corresponding to R815 shown

in Fig. 8, so that a bridge is effectively placed
Bcross the conductors C882 and C883 of the
trunk line 13. When this bridging path is com-
pleted, the line relay R125 is energized over a
circuit extending from ground at the right ter-
minal of the upper winding of this relay by way
of this winding, RCTI3, RATI2, CT10, RAT5?2,
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CT13, RC822, RA821, RAB61, C882, the bridge be- -

tween C882 and C883 in the repeater 885, C883,
C111, RAT53, RATIS and the lower winding of
RI125 to battery. When energized over this cir-
cuit, the relay R125 operates to complete a path
for applying ground to the control conductor
C165, this path extending from ground at RAT09’
by way of RAT21 and RATI 8, to the control con-
ductor noted. This ground serves to mark the
trunk line I3 as busy in the connector switches
having access thereto. At RAT28, the relay
R125, upon operating, applies ground to the
group or tens relay. control conductor C166 and,
at RAT29, it connects the units relay control
conductor C768 to the start conductor C169.
Thus, the distributor 25’ operates to cause a pre-
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the link line 190. When the line 790 is seized
by the finder switch, the line conductors C163
and CT164 are connected through to the oper-
ated connector switch and certain of the relays
embodied therein are caused to operate to ap-
ply ground potential to the line conductor C164

‘in the manner explained previously. When this

line conductor is grounded, the relay RTI0 is

energized over a circuit extending by way of .

RCT11, RATi6 and the upper winding of RT{0
to battery. Also, when the link line 790 is seized
by the finder switch and switched through to
a connector switch, ground potential is returned
to the control conductor C165 from the operated
connector switch. o

The relay RT10 operates when its upper wind-
ing is energized in the manner just described
and, upon operating, completes, at RAT{ 5, an ob-
vious holding circuit for itself. At RATI9, the
relay R110 completes an obvious circuit for en-
ergizing the slow-to-release relay RT20, which
latter relay, upon operating, opens, at RAT22, &
point in the above-traced path for applying
ground to the tens relay control conductor C166
and interrupts, at RAT23, the connection be-
tween the start conductor C769 and the units
relay control conductor C768.

At RA718, the relay RT10, upon operating,
opens a point in the path by way of which
ground was initially applied to the control con-
ductor C165. At RATiII and RA112, the relay
R7110 extends the calling loop circuit through to
the operated connector switch, thereby to hold
the line and hold relays embodied in this con-
nector switch operated. At RATi2 and RATI4,
the relay RT10 opens two points in the above-
traced operating circuit for R125, causing the
last-mentioned relay to restore. When the re-
lay R125 restores, it opens a further point in
the above-traced path for applying ground to
C166 and, at RA129, a further point in the path
for connecting the start conductor C769 to the
units relay control conductor C768. In this con-
nection, it will be understood that, when RT20
operates to interrupt the paths noted, the dis-
tributor and common equipment 25’ is released
to be used in connection with other calls.

After the loop circuit is extended through to
the operated connector switch in the exchange
10, further impulses dialed at the calling sub-
station B are repeated by the repeater 885
through the repeater 20 to this connector switch
for the purpose of causing the switch to select
the desired called line 1§, The mode of opera-
tion of the connector switch to select this line,
to test the selected line for the purpose of de-
termining the idle or busy condition thereof, and
to project ringing current thereover is set forth
previously. The desired conversational circuit
is completed when the call is answered at the
called substation, it being pointed out that this
operation in no way affects any of the appa-
ratus embodied in the repeater 20, shown in Figs.
7 and 8.

The release of the connection is primarily un-
der the control of the last party to hang up.
More particularly, when the calling party hangs
up to interrupt the loop circuit extending to the

. repeater 885, this repeater starts to release and

during its release interrupts the loop circuit ex-
tending through the repeater 20 to the operated
connector switch in the exchange 10, thereby to
initiate the release of the switch train in the
exchange (0 providing the called party has re-
stored his receiver to its hook. .As indicated pre-

\ ,
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viously, so long as the called loop circuit is not
interrupted the battery reversing relay provided
in the operated connector switch in the exchange
{0 is held operated to-prevent the switch train

from fully releasing. When, however, the call
is cleared out at the called substation, the op-

" erated switches in the exchange 10 are caused to

release and the repeater 885 is caused to com-
plete its release. When the operated switches
in the exchange {0 are being restored to nor-
mal, ground is removed from the control con-
ductor C165 to open the holding circuit for the
relay R110. When R110 restores, it opens, at
RAT1{9, the operating circuit for R120, causing
the last-mentioned relay to restore. Also, when
R110 restores, it completes a path for applying
battery to the control conductor C16%, this path
extending by way of RA1i8, RAT21 and the
winding of R150 to battery. The application of
battery potential to C765 serves to mark the
trunk line 13 as idle. Following the restoration
of the two relays RT10 and R120, the repeater 25,
illustrated in Figs. 7 and 8, is fully released.

If a call initiated at a substation of the pay-

station type and associated with a line termi-.

nating at the exchange 10, is routed by way of
the automatic switching equipment in this ex-
change, the repeater 20, illustrated in Figs. 7
and 8, the trunk line 13, the repeater 885 the
automatic switching equipment embodied in the
exchange 30 and the repeater 830 to the op-
erator’s position 895 in the exchange 40 the last-
mentioned repeater cooperates with the repeater
20, illustrated in Figs. 7 and 8, to signal the
operator at the position 895 that the call origi-
nates from a telephone substation of the pay-
station type. Also, when the call is answered at
the operator’s position, the release of the op-
erated switch train is only effected when the
connection is cleared out by the operator. In
this regard, it is pointed out that the repeater
890 is in all respects identical with the repeater
illustrated in Figs. 3 and 4. Hence, the manner
in which the two repeaters 20 and 890 cooper-

ate to transmit a paystation-tone signal to the

operator’s position 895 may best be explained by
referring to the repeater illustrated in Figs. 3
and 4 in describing the operation of the repeater
890. Also, the apparatus provided at the opera-
tor’s position 895 is identical with that shown
in PFig. 2, and reference will be made to the
apparatus of Fig. 2 in describing the operation
of the apparatus provided at the operator’s po-
sition 895. Considering the repeater illustrated
in Figs. 3 and 4, it will be recalled from the pre-
ceding description that, when the operator in
the manual office answers an incoming call, the
relay R31i0 operates to cause the operation of
RA410, followed by the operation of the two re-
lays R400 and R430. It will also be recalled
that, when R430 operates, it interrupts, at RA43I,
the established loop circuit extending back over
the link line 468. Also, upon operating, the re-
lay R430 completes, at RA43(, the operating cir-
cuit for the slow-to-operate relay R460, which

latter relay operates g short time interval after’

the operation of R430 to recomplete at RA46GI,
the above-mentioned loop circuit extending back
over the link line 468. Considering the repeater
of Figs. 3 and 4 as the repeater 890, the loop
circuit which is momentarily interrupted by the
operation of R430 extends back to the repeater
shown in Figs. 7 and 8. From the foregoing
description, it will be apparent that the relays
R810, R820, R830 and R840 of Fig. 8, and the
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relays RT10, R120, R130 R735, R150 and RT160
of Fig. 7 are operated at the time the loop cir-
cuit, which extends to-the repeating transformer
800, is momentarily interrupted by operation of
the relay R430 embodied in the repeater 89¢.
During the interval when the loop circult is in-
terrupted, the relay R810 restores to complete,
at RA811, the previously-mentioned circuit for
energizing the lower winding of R704. Specifical-
ly, this circuit extends from ground at RAS83{
by way of RA843, RC844, RA881, RA8TT, RA83?,
RAS81{, C181 and the lower winding of R104 to
battery. “When energized over this circuit, the
relay RT04 operates to complete, at RAT09, a
holding circuit for itself, which holding circuit
extends from ground at RA83I by way of C185,
RC102, RAT01, RAT0S and the winding of R704
to battery. Shortly after the operation of RT04,
the relay R460 embodied in the repeater 890 op-
erates to recomplete the loop extending back to
the repeater 20, causing the relay R8I0 to re-
operate and open, at RA8I{, the operating cir-
cult for R704. At RAT09' and its associated
working contact, the relay RT04 completes an
obvious path for applying ground to the tone
apparatus start conductor C463, thereby to ini-
tiate the operation of this apparatus embodied
in the auxiliary apparatus 21, providing it is not
already operating. At RA709' and its associated
resting contact, the relay R104 opens a point
in the path traced previously for directly apply-
ing ground to the control conductor C165, but
ground is retained on C165 over 3 path extend-
ing from C165 by way of RATS5, C188, RA826
or RA833, C189, and the lower winding of the
impedance element 103 to ground. The ground
extended to C765 over this path serves to pre-
vent the operated switch train in the exchange
10 from releasing and to hold the two relays
R1i0 and RT50 operated. As a result of the
operation of the tone apparatus, paystation tone
is impressed on the control conductor associated
with the calling line and is forwarded by way
of the operated switch train in the exchange
10, so that it appears between the control con-
ductor C765 and ground. ‘This voltage causes
paystation-tone current to traverse the lower
winding of the impedance element 703, the path
of this current extending from the ungrounded
terminal of the tone current source by way of
C165, the operated armature RATSS, C188, RAS26
or RA833, C189 and the lower winding of the
element 703 to the grounded terminal of the
tone current source. This current causes 8 cor-
responding voltage to be induced in the upper
winding of the impedance element 703, which
voltage is impressed by way of the operated arma-
tures RAT07 and RAT08 of the relay R104 across
the line conductors C170 and CT63 so that a
paystation-tone signal is transmitted by way of
the trunk line 13, the repeater 885, the operated
switch train in the exchange 30 and the re-
peater 890 to the telephone set being used by
the operator located at the operator’s position
895. The operator who answers the call hears
the signal in her receiver and is informed that
the call originates at a substation of the pay-
station type. '

When the relay RT04 operates, it also attracts
the armature RAT05 into engagement with the
contact carried by the weighted or pendulum
type armature RAT06, whereby vibration of the
last-mentioned armature is initiated. The op-
erating circuit for the relay R100 is intermittent-
ly completed during the vibration of RAT06 but
due to the slow-to-operate characteristic of this
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relay, it does not operate until the vibration ur
the armature RAT08 is substantially ended and
this armature settles into constant engagement
with RAT05. At the end of the Interval required
for the vibration of RAT08 to cease, the relay R700
operates to open, at RAT0I and RC102, the above-
traced holding circuit for R104, causing the last-
mentioned relay to restore. Upon restoring, the
relay R104 opens, at RAT08, a further point in

“its holding circuit and interrupts, at RAT07 and

RAT08, two points in the above-mentioned path
for impressing paystation-tone voltage between
the conductors C163 and C110 extending to the
repeating transformer 800, Thus,
tone signal is terminated, At RAT0S, the relay
RT104 interrupts the operating circuit for R100,
causing the last-mentioned relay to restore to re-
brepare, at RAT01 and RC102, s point in the hold-
ing circuit for R104. Since the loop circuit ex-
tending between the repeater 890 and the re-
peater 20, {llustrated in Figs. 7 and 8, is only
momentarily interrupted, the relay R818 is caused
to reoperate in the manner described above, to
open, at RA81{, the operating circuit for R104 be-
fore the relay R100 restores to reprepare the hold-
ing circuit for the relay R104. Thus, the two re-
lays R104 and R100 remain deenergized follow-
ing the restoration thereof. At RAT09’, the relay
R104 interrupts the path for applying ground to
the tone apparatus start conductor C463 and re-
completes the path for applying ground directly
to the control conductor CT68. )

To recall the paystation tone, the operator may
momentarily withdraw her line connecting plug
from the jack located at the operator’s j.osition
895 and corresponding to the Jack 20{ illustrated
in Fig. 2. When this operation is performed and
considering the apparatus of Fig. 2 as being lo-
cated at the operator’s position 899, the relay re-
stores to open the circuit over which R310 is
being held operated. Thus, the relay R310 is
caused to restore to open, at RA3i2 and RC314,
the operating circuit for R410. When R4I0 re-
stores, it opens, at RA416, the operating circuit
for R430, which latter relay, upon restoring, com-
Dletes, at RA431, a shunt around the operated
armature RA461 and opens the operating circuit
for R460, causing the last-named relay to re-
store. When the operator reinserts the answer
plug in the answer jack 201, the relay R310 re-
operates to cause the sequential reoperation of

" the two relays R410 and R430. When the last-

mentioned relay reoperates, it opens, at RAA3I,
the loop circuit extending back to the repeater 20
and recompletes the operating circuit for R460.
When R460 reoperates, it recompletes the loop
circuit extending to the repeater 20.

During the interval when the loop circuit ex-
tending between the repeater 890 and the re-
peater 20 is interrupted, the relay R810 restores,
in the manner pointed out above, to recomplete,
at RA8BI, the above-traced operating circuit for
R104. Thus, the relays R104 and R100 are caused
sequentlally to operate and restore in the order
named and in the manner just described so that
baystation-tone signal is again transmitted to
the operator’s position 895. It will be observed
that with the above-described arrangement, the
operator at the operator’s position 895 may re-
call paystation tone as many times as she desires.

After the connection to the operator’s position
895 is established, the operator may extend the
connection to the desired called line in the man-
ner conventionally used in manual office Dbractice,
After the connection is fully completed the op-
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erator may disconnect from the connection, and
rely upon the signal lamp 208 to indicate when
the connection is to be released. If the calling
party desires to resignal the operator at.the posi-
tion 895 after the connection is completed, he may
do so by operating the switch hook provided at
the calling substation up and down one or more
times momentarily to interrupt the loop circuit
extending through the operated switch train in
the exchange {0 to the repeater 20, illustrated in
Pigs. 7 and 8. Each time this loop circuit is
opened the two relays R180 and R135 restore.
The relay R185, upon restoring, opens, at RAT36,
the holding circuit for R840, which latter relay,
upon restoring, opens, at RA842, the operating
circuit for R820. At RA846, the relay R840 com-
pletes the above-traced operating circuit for R860.
At RA843 and RC845, the relay R840 completes
the operating circuit for R865, thereby to cause
the sequential operation of R865, R815 and R880.
When R860 operates, it opens, at RA861, a point
in the established loop circuit extending through
to the operated repeater 890, illustrated in detail
in Figs. 3 and 4. At RA862 the relay R860 com-
pletes the multiple holding circuit for R820, and,
at RA864, it completes the above-traced operating
circuit for R850. The relay R850, upon operating,
completes the priming-circuit for R135, and the
holding circuit for itself, and opens the operating
circuit for R860, causing the last-mentioned re-
lay to restore to recomplete the loop circuit ex-
tending to the repeater 890, all in the manner de-
seribed previously. When the loop circuit extend-
ing to the repeater 8390 is interrupted, the relay
RB810 restores to prepare the operating circuit for
R104, but the operated relays R8715 and R880 pre-
vent the relay R704 from being energized to im-~
press paystation tone on the loop extending to
the repeater 890. Each time the calling loop cir-
cuit 1s recompleted at the calling substation the
relays R130 and R135 reoperate, the latter relay
functioning to recomplete the operating circuit
for R840. When R840 reoperates it recompletes
the holding circuit for R820, opens the holding
circuit for R850 and initiates the sequential res-
toration of R865, R875 and R880.

Each time the loop circuit extending to the
repeater 890 is interrupted, the relay R345 re-
stores to interrupt, at RA341, the operating cir-
cuit for R340 and, at RA346, the operating circuit
for R315. Obviously, when the loop circuit is
recompleted, the relay R345 reoperates to recom-
plete the two operating circuits noted. During
the interval when R315 is restored, it removes the
high resistance lower winding of R310 from the
series circuit including the winding of the relay
R230 located at the operator’s position 895, caus-
ing R230 to operate. When the last-mentioned
relay operates, the operating circuit for the sig-
nal lamp 205 provided at the operator’s posi-
tion 895 is completed. Obviously, when the re-
lay R3i5 reoperates, the high resistance lower
winding of R310 is reinserted in the series circuit
by way of which the relay is energized, so that the

5 last-named relay restores to open the energizing

circuit for the signal lamp 205 provided at the
operator’s position 895. - The flashing of the lamp
205 indicates to the operator that she is being
recalled by the calling party.

During a flashing recall operation of the char-
acter just described, the relay R810 functions to
prevent the release of the switch train in the ex-
change 10 if the calling or signalling party holds
the calling loop circuit open for too long a time
interval. Thus, if the calling loop circuit is held

-
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open for a prolonged time interval the relay
R820 is caused to restore in the manner de-
scribed previously to open, at RA828, the oper-
ating circuit for R830. Upon restoring, the relay
R820 also completes, at RA821 and RCB822, a
circuit for energizing R810, this circuit extend-
ing from ground by way of the winding of R870,
CT14, RATS1, CT13, RC822, RAB21, R86{, C882,
one side of the line circuit as extended through
the repeater 885 and the operated link in the
exchange 30, €368, RA331, the winding 353,
RA333, RC335 and the winding of R345 to bat-
tery. When energized over this circuit, the relay
R810 operates to complete, at RABTE, the hold-

ing circuit for R830, thereby to prevent the latter -

relay from restoring. With R830 operated
ground is retained on the control conductor

C165 to hold the switch train in the exchange {0’

operated. Also, with R830 operated the repeater

illustrated in Figs. 7 and 8 is prevented from. re--

leasing. Obviously, when the calling loop circuit
is recompleted at the end of a prolonged sig-

nsalling operation performed at the calling sub- -~

station, the relays R130, R840 and R820 are
caused to reoperate in the order named. When
R820 reoperates the above-traced operating cir-

25

cuit for R870 is broken, causing the last-men-"
tioned relay to restore to open the holding cir-

cuit for R830. It is noted that, due to the high .

resistance of R810, the relay R345 is insufficiently
energized to operate or to remain operated when
energized in series with R870. Hence, the com-
pletion of the above-traced circuit for energizing
R810 does not interfere with the release of the
established connection when it is cleared out at
the operator’s position 895. The energization
and operation of R810 during the release of the
connection does, however, prevent the operated
repeater shown in Figs. 7 and 8 and the operated
switches in the exchange 10 from releasing in
response to a release operation performed at
the calling substation or before the operated
switches in the exchange 30 are released. Thus,
there is obviated the possibility of the repeater
illustrated in Figs. 7 and 8 being taken for use
before it is actually idle.

The release of the connection as established
between the substation A and the operator’s po-
sition 895 is only initiated when the operator
withdraws the connecting plug from the answer
jack located at this position and corresponding to
the jack 201 illustrated in Fig. 2. The manner in
which the operated switch train comprising the
repeater 890, the operated switches in the ex-

change 30, the repeater 885, the repeater 20

and the operated switches in the exchange 10 is
released, is in all respects similar to the release
operations described previously and will be read-
ily apparent from the foregoing description.

While there has been described what is at pres-

ent considered to be the preferred embodiment
of the invention, it will be understood that vari-
ous modifications may be made therein, and it is
intended to cover in the appended claims all
such modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. In a telephone system, a first telephone
station of the pay station’ type, a second tele-
phone station, means including a repeater for es-
tablishing a connection between said stations on
a call initiated at said first station, said connec-
tion comprising a talking circuit, a device oper-
ative to complete said talking circuit when said
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call is answered at said second station, a relay 9B
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included in said repeater and operative in re-
sponse to the operation of said device, means re-
sponsive to the operation of said relay for im-
pressing & signal on said circuit indicating that
said call originates at a telephone station of the
pay station type, a slow-to-operate relay, an oper-
ating circuit for said slow-to-operate relay, vi-

" bratory contacts controlled by said first-men-
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tioned relay for completing said operating cir-
cuit, and means responsive to the operation of
said slow-to-operate relay for terminating said
signal. .

2. In a telephone system, a first telephone sta-
tion of the pay station type, a second telephone
station, means including & repeater for establish-
ing a connection between said stations on a call
initiated at said first station, said connection
comprising a talking circuit, a device operative to
complete said talking circuit when said call is
answered at said second station, a relay included
in said repeater and operative in response to the
operation of said device, means responsive to the
operation of said relay for impressing a signal on
sald circuit indicating that said call originates at a
telephone station of the pay station type, a slow-
to-operate relay, an operating circuit for said
slow-to-operate relay, vibratory contacts con-
trolled by said first-mentioned relay for complet-
ing said operating circuit, and means responsive
to the operation of said slow-to-operate relay for
terminating said signal, said relays being con-
nected and arranged to restore and reoperate in
response to the interruption and recompletion
of said talking circuit, thereby to again impress
said signal on said talking circuit for a time in-
terval. .

3. In a telephone system, & first telephone
station of the pay station type, a second tele-
phone station, means including a repeater for

‘establishing a connection between said stations

on g call initiated at said first station, said con-
nection comprising a talking circuit, a device op-
erative to complete said talking circuit when
sald call Is answered at said second station, a
relay included in said repester and operative in
response to the operation of said device, means
responsive to the operation of said relay for im-
pressing a signal on said circuit indicating that
said call originates at a telephone station of the
paystation type, said relay having a holding cir-
cuit arranged to be completed in response to the
operation of said relay, a slow-to-operate relay,
an operating circuit for said slow-to-operate re-
lay, vibratory contacts controlled by said first-
mentioned relay for completing said operating
circuit, and means responsive to the operation of
said slow-to-operate relay for opening said hold-
ing circuit, whereby said first-mentioned relay is
caused to resfore and said signal is terminated:

4. In a telephone system, a first telephone sta-
tion of the pay station type, a second telephone
station, means for establishing a connection be-
tween said stations on a call Initiated at said first
station, said connection comprising a talking cir-
cult, a device operative to complete said talking

circuit when said call is answered at said second

‘station, said talking circuit comprising a direct

current loop circuit, means operative in response
to the operation of said device for momentarily
interrupting said loop circuit, and means re-
sponsive to the interruption of said loop circuit
for impressing a signal on said talking circuit
indicating that said call originates at s telephone
station of the pay station type.

5. In a telephone system, g first telephone sta-
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tion of the pay station type, a second telephone
station, means for estab g & connection be-

tween said stations on a call initiated at sald

first station, said connection comprising a talk-
ing circuit, a device operative to complete said
talking  circult when said eall is answered at
sald second station, sald talking circuit com-
prising a direct current loop circuit, means op-
erative in response to the operation of said de-
vice for momentarily interrupting said loop cir-
cult, means responsive to the interruption of said
loop circuit for Impressing a signal on said talk-
Ing circuit indicating that said-call originates at
& telephone station of the pay station type, and
means controlled by said last-named means for
terminating said signal.

6. In a telephone system, a first telephone sta-
tion of the pay station type, a second telephone
station, means for establishing a connection be-
tween said stations on a call initiated at said first
station, said connection comprising a talking cir-
cuit, a device operative to complete saild talking
circuit when said call is answered at said second
station, said_talking circuit comprising a direct
current loop circult, means responsive to the
operation of said device for momentarily inter-
rupting said loop circuit, means operative in re-
sponse to the interruption of said loop circuit for
impressing a signal on sald talking circuit indi-
cating that said call originates at a telephone
station of the pay station type, means controlled
by said last-named means for terminating said
signal, mearis responsive to the interruption and
recompletion of said talking circuit at said sec-
ond station for again interrupting said loop cir-
cuit, and means responsive to the last-mentioned
interruption of said loop circuit for again im-
pressing said signal on said talking circuit,

7. In a telephone system, a first telephone
station of the pay station type, a second tele-
phone station, means including a pair of repeat-
ers adapted to be connected in tandem; for es-
tablishing a connection between said stations on
a call initiated at said first station, said connec-
tion comprising one loop circuit . extending be-
tween said repeaters and g second loop ecircuit
extending to said second telephone station, a
device operative to complete sald second loop
circuit when said call is answered at said second
telephone station, means operative in response
to the operation of said device for interrupting
said one loop circuit, and means responsive to
the interruption of said one loop circuit for im-
pressing a signal on said second loop circuit indi-
cating that said call originates at a telephone
station of the pay station type.

8. In a telephone system, g first telephone sta-
tion of the pay station type, a second telephone
station, means including a pair of repeaters
adapted to be connected in tandem for establish-
ing a connection between said stations on a call
initiated at said first station, said connection
comprising one loop circuit extending between
said repeaters and a second loop circuit extend-
ing to said second telephone station, a device
operative to complete said second loop circuit
when said call is answered at said second tele-
phone station, means responsive to the operation
of said device for interrupting said one loop cir-
cuit, means operative in response to the interrup-
tion of said one loop ecircuit for impressing a
signal on said second loop circuit Indicating that
said call originates at a telephone station of the
pay station type, and means controlled by said
last-named means for terminating sald signal.
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9. In a telephone system, a first telephone sta-
tion of the paystation type, a second telephone
station, means including & pair of repeaters
adapted to be connected in tandem for establish-

5 ing a connection between said stations on a call
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initiated at said first station, sald connection
comprising one loop circult extending between
said repeaters and a second loop circuit extend-
ing to said second telephone station, a device
0 operative to complete said second loop circuit
when said call is answered at said second tele-
phone station, means responsive to the opera-
tion of said device for interrupting said one loop
circult, means responsive to the interruption of
5 said one loop circuit for impressing a signal on
said second loop circuit indicating that said call
originates at a telephone station of the paysta-
tion type, means controlled by said last-named
means for terminating said signal, means re-
0 sponsive to the interruption and recompletion of
said second loop circuit for again interrupting
said one loop circuit, and means responsive to
said last-mentioned interruption of said loop cir-
cuit for again impressing said signal on said sec-
5 ond loop circuit. :

10. Tn a telephone system, a first telephone
station of the pay station type, a second telephone
station, means including a pair of repeaters
adapted to be connected in tandem for establish-
ing a connection between said stations on a call
initisted at said first station, said connection
comprising one loop circuit extending between
said repeaters and a second loop circuit extend-
ing to said second telephone station, a device
operative to complete said second loop circuit
when said call is answered at said second tele-
phone station, a first relay included in one of
said repeaters and operative in response to the
operation of said device, a slow-to-operate relay
energized in response to the operation of said
first relay, means responsive to the operation of
said first relay for interrupting said one loop
circuit, means responsive to the operation of said
slow-to-operate relay for recompleting said one
1oop circuit, a third relay included in the other
of said repeaters and having a winding. included
in said one loop circuit, whereby said third relay
restores when said one loop circuit is interrupted,
o, fourth relay included in said other repeater

5

0 and operative in response to the operation of .

said third relay, means responsive to the opera-
tion of sald fourth relay for impressing a signal
on said second loop circuit indicating that said
call originates at a telephone station of the pay-
station type, and means controlled by said fourth
relay for terminating said signal.

11. In a telephone system, a telephone station,
a line extending to said station, a signal device
at said station, a source of ringing current, said

be energized over a circuit including said line, a
relay operative to connect said source to said line,
thereby to energize said signal device, a second
relay including a pair of windings, an operating
eircuit for said second relay, said operating cir-
cuit including one of said windings and said
source and being completed in response to the
operation of said first-mentioned relay, a holding
0 cireuit for said second relay, said holding circuit

including the other of said windings and being

completed In response to the operation of said

second relay, and means responsive to the oper-

ation of said second relay for causing the resto-
5 ration of said first-mentioned relay, thereby to

signal device being connected and arranged to.
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disconnect said source from said line and to open
the operating circuit for said second relay.

12. In a telephone system, a telephone station,
a repeater, a line extending between said station
and said repeater, an automatic switch operative
to seize said repeater on a call to said station,
a signal device at said station, a source of ringing
current, sald signal device being connected and
arranged to be energized over a circuit including
said line and said source, a relay operative to
complete said circuit, an operating circuit for
said relay, means responsive to the seizure of
said repeater by saild switch for completing saild
operating cricuit, a second relay including a pair
of windings, an operating circuit for said second
relay, said last-named operating circuit includ-
ing one of said windings and said ringing current
source and being completed in response to the
operation of said first-mentioned relay, a holding
circuit for said second relay, said holding circuit
including the other of said windings and being
completed in response to the operation of said
second relay, and means responsive to the oper-
ation of said second relay for interrupting the
operating circuit for said first-mentioned relay,
whereby said first-mentioned relay restores to
open the circuit for energizing said signal device.

13. In o telephone system, an exchange, a plu-
rality of lines extending to said exchange, tele-

phone stations individually associated with cer-.

tain of said lines, one of said stations being of
the paystation type, automatic switching appa-
ratus in said exchange, means including said ap-
paratus for setting up a connection between a
calling one of said stations and a called one of
said stations, said connection being releasable
in response to a release operation performed at
the calling station, an operator’s telephone sta-
tion, & signal device at said operator’s telephone
station, means including sald automatic switch-
ing apparatus for setting up a connection between
said paystation and said operator’s station on a
call initiated at said paystation, said Iast-men-
tioned. connection comprising a talking circuit,
a device operative to complete said talking circuit
when the call is answered at said operator's sta-
tion, means responsive to the operation of said
last-mentioned device for impressing a signal on

said circuit indicating that said call originates -

at a station of the paystation type, means for pre-
venting the release of said last-mentioned con-
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nection in response to a release operation per- -

formed at said paystation, and means responsive
to a release operation performed at said paysta-
tion for causing said signal device to indicate that
said connection has been released.

14. Tn o telephone system, an exchange, a plu-
rality of lines extending fo said exchange, tele-
phone stations individually associated with cer-
tain of said lines, one of said stations being of
the paystation type, automatic switching *appa-
ratus in said exchange, means including said
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apparatus for setting up a connection between a

calling one of said stations and a called one of
said stations, said connections being releasable in
response to a release operation performed at the
calling station, an operator’s telephone station, a
signal device at said operator’s telephone station,

means including said automatic switching appa- -

ratus and a pair of tandem connected repeaters
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for setting up a connection between said paysta- .

tion and said operator’s station on a call initiated
at said paystation, said last-mentioned connec-
tion comprising a talking circuif, a device oper-
ative to complete said talking circuit when the call
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1s answered at said operator’s station, meang re-
sponsive to the operation of said last-mentioned
device for impressing g signal on said circuit in-
dicating that said call originates at a station of

. the paystation type, means for preventing the

release of said connection in response to & release
operation performed at said paystation, and
means comprising relays respectively included in
sald repeaters and sequentially operative in re-
Sponse to a release operation performed at said
paystation for causing said signal device to indi-
cate that said connection is released, said relays
being repeatedly operative in response to repeated
release operations performed at said paystation,
thereby to cause said signal device repeatedly to
operate,

15. In a telephone system, an exchange, a plu-
rality of lines extending to said exchange, tele-
Phone stations Individually associated with cer-
tain of said lines, one of said.stations being of
the pay station type, automatic switching appa-
ratus in - said exchange, means including said
apparatus for setting up a connection between g
calling one of said stations and a called one of
sald stations, said connection being releasable in
response to a release operation performed at the
calling station, an operator’s telephone station,
a slgnal device at said operator’s telephone sta-
tion, means including said automatic switching
apparatus and a pair of repeaters connected in
tandem for setting up a connection between said
paystation and said operator’s station on a call
initiated at said paystation, said connection com-
prising one loop circuit extending between said
repeaters and a second loop cireuit, extending to
sald operator’s station, a device operative to com-

Plete sald second loop circuit when said eall is-

answered at said operator’s station, means oper-
ative in response to the operation of said device
for interrupting said one loop circuit, means re-
sponsive to the Interruption of said one 1oop cir-
cult for impressing a signal on sald second loop
circuit indicating that said eall originates at a
telephone station of the paystation type, meang
for preventing the release of the last-mentioned
connection in response to g release operation per-
formed at said baystation, and means responsive
to a release operation performed at sald paysta-
tion for changing the condition of sald signal
device.

16. In a telephone system, an operator’s tele-
phone station, a supervisory signal device at sald
station, a circuit for energizing said device, a sec-
ond telephone station, switching means for es-
tablishing g connection between saig stations, g
first relay at said operator’s station, said first
relay including a winding and being operative to
complete sald circuit, g second relay included in
said switching means, sald second relay including
2 winding and being operative to complete a point
in said connection. a second circuit for energizing
the winding of saiq first relay in series with the
winding of said second relay, an impedance ele-
ment adapted to be serially included in said sec-
ond circuit, the impedance of said element being
S0 proportional relative to the impedance of the
windings of said relays that said first relay is oper-
ated only when said impedance element is ex-
cluded from said second circuit and said second
relay is operated both when said impedance ele-
ment is excluded from and included in said sec-
ond circuit, and means controllable from said sec-
ond station for selectively including said imped-
ance element in said second circuit,

17. In a telephone system, an operator’s tele-

phone station, a supervising signal device at said
station, a eircuit for energizing said signal de-
vice, a second telephone station, switching means
for establishing a connection between said sta-
tions on a call initiated at said operator’s tele- g
Phone station, g firsg relay at said operator’s sta-
tion, said first relay including g winding and be-
ing operative to complete said clrcuit, a second
relay included in said switching means, said sec-
ond relay including g winding and being operative 10
to complete 8 point in said connection, a second
circuit for energizing the winding of said first re-
lay in series with the winding of said second
relgy, an impedance element adapted to be serial-

circuit and said second relay is operated both 20

relay in series with the winding of saiq second 40

relays_ that said first relay is operated only when 45

operative in response to the initiation of said 50

c;ude sald impedance element from saiq second 55

station, a eircuit for energizing said signal de- 60

station, a first relay at said operator’s station,

second ecircuit for energizing the winding of 70
said first relay in series with the winding of
said second relay, an impedance element
adapted to be serially included in said seconrd
circuit, the impedance of said element being
50 proportioned relative to the impedances of (3
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the windings of said relays that said first relay
is operated only when said impedance element
is excluded from said second circuit and said
second relay is operated both when said imped-
ance element is excluded from and inciuded in

. said second circuit, means operative during the
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- g first relay at said operator’s station,

establishing of said connection for including said
impedance element in said second circuit, and
means operative when said call is answered at
said operator’s station for completing said second
circuit with said impedance element included
therein.

20. In a telephone system, an operator’s tele-
phone station, a supervisory signal device at said
station, a circuit for energizing said signal de-
vice, a second telephone station, switching means
for establishing a connection between said sta-
tions on a call initiated at said second telephone
station, a first relay at said operator’s station,
said first relay including a winding and being
operative to complete said circuit, a second relay
jncluded in said switching means, said second
relay including a winding and being operative to
compiete a point in said connection, a second cir-
cuit for energizing the winding of said first relay
in series with the winding of said second relay,
an impedance element adapted to be serially in-
cluded in said second circuit, the impedance of
said element being so proportioned relative to the
impedances of the windings of said relay that
said first relay is operated only when said imped-
ance element is excluded from said second cir-
cuit and said second relay is operated both when
said impedance element is excluded from and in-
cluded in said second circuit, means operative
during the establishing of said connection for
including said impedance element in said second
circuit, means operative when said call is an-
swered at said operator’s station for completing
said second circuit with said impedance element
included therein, and means responsive to an
operation performed at said second station for
excluding said impedance element from said sec-
ond circuit.

21. In a telephone system, an operator’s tele-
phone station, a supervisory signal device at said
station, a circuit for ‘energizing said device, a
second telephone station, switching means for
establishing a connection between said stations,
said first
relay including a winding and being operative fo
complete said circuit, a second relay included

in said switching means, said second relay in-

cluding 2 first winding and being operative to

complete a point in said connection, a second cir-
cuit for energizing the winding of said first relay
in series with said first winding of said second
relay, said second relay including a second wind-

ing adapted to be serially included in said second”

circuit, the impedance of said second winding
being so proportioned relative to the impedance
of the winding of said first relay and the imped-
ance of said first winding that said first relay is
operated only when- said second winding is ex-
cluded from said second circuit and said second
relay is operated both when said second winding
is included in and excluded from said second cir-
cuit, and means controllable from said second
station for selectively including said second wind-
ing in said second circuit. -

29. In a telephone system, an operator’s tele-
phone station, a supervisory signal device at said
station, a circuit for energizing said device, a sec-
ond telephone station, switching means for estab-
lishing a connection between said stations on a
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call initiated at said operator’s telephone sta~
tion, a first relay at said operator’s station, said
first relay including a winding and being opera-
tive to complete said circuit, a second relay in-
cluded in said switching means, said second re-
lay including a first winding and being operative
to complete a point in said connection, a second
circuit for energizing the winding of said first
relay in series with said first winding of said
second relay, said second relay including a sec-
ond winding adapted to be serially included in
said second circuit, the impedance of said second
winding being so proportioned relative to the im-
pedance of the winding of said first relay and
the impedance of said first winding that said
first relay is. operated only when said second
winding is excluded from said second circuit and
said second relay is operated both when said sec-
ond winding is included in and excluded from
said second circuit, means operative in response
to the initiation of said call for completing said
second circuit, and means operative when said
call is answered for including said second wind-
ing in said second circuit.

23. In a telephone system, an operator’s tele-
phone station, a supervisory signal device at said
station, a circuit for energizing said device, a
second telephone station, switching means for
establishing a connection between said stations
on a call initiated at said second telephone sta-
tion, a first relay at said operator’s station, said
first relay including a winding and being opera-
tive to complete said circuit, a second relay in-
cluded in said switching means, said second re-
lay including a first winding and being operative
to complete a point in said connection, a second
circuit for energizing the winding of said first
relay in series with said first winding of said
second relay, said second relay including a sec-
ond winding adapted to be serially included in
said second circuit, the impedance of said second
winding being so proportioned relative to the im-
pedance of the winding of said first relay and
the impedance of said first winding that said
first relay is operated only when said second
winding is excluded from said second circuit and
said second relay is operated both when said
second winding is included in and excluded from
said second circuit, means operative during the
establishing of said connection for including said
second winding in said second circuit, and means
operative when said call is answered for complet-
ing said second circuif with said second winding
included therein.

24 .In a telephone system, an operator’s tele-
phone station, a signal device at said station, a
cireuit for energizing said device, a second tele-
phone station of the paystation type, means for
establishing a connection between said stations

_on a call initiated at said second telephone sta-

tion, said connection comprising a talking circuit
adapted to be completed when the call is an-
swered at said operator’s station, a relay, an
operating circuit for said relay, means respon-

sive to the operation of said relay for trans-

mitting a signal to said operator’s telephone sta-
tion indicating that said call originates at a tele-
phone station of the paystation type, a second
relay operative from one of its two positions to
the other when said talking circuit is completed,
means responsive to the completion of said talk-
ing circuit for momentarily interrupting said
talking circuit thereby to cause said second relay
to operate from its said other position to its said
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one position to complete said operating circuit, g
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means responsive to a subsequent Interruption means responsive to a subsequent interruption
of said talking circuit at said second station for of said talking circuit at said second station for
completing the circult for energizing said signal completing the circuit for energizing said signal
device and for causing said second relay to oper- device and for causing said second relay to op-
ate to its said other position, and means respon- erate to its said other position, ang means re- §
sive to the subsequent interruption of said talk-  sponsive to the operation of said last-named
Ing circuit at said second station for breventing means for opening a point in said operating cir-
& second signal from being transmitted to said cuit before said second relay is operated to its
operator’s station. said one position, thereby to prevent a second
10 25. In a telephone system, an operator’s tele~ signal from being transmitted to said operator’s 10
phone station, a signal device at said station, a  station.- -
circuit for energizing said device, a second tele- 26. In a telephone system, a first telephone
phone station of the. pay station type, means for station of a particular character, a second tele~
establishing a connection between said stations phone station, means Including a pair of re-
13- on a call initiated at said second telephone sta- peaters adapted to be connected in tandem for
tion, said connection comprising a talking cireuit . establishing a connection between said stations
adapted to be completed when the call is an- on g call initiated at said first station, said con-
swered at sald operator’s station, a relay, an op- nection comprising one loop circuit extending
erating circuit for said relay, means responsive between sald repeaters and a second loop circuit
20 to the operation of said relay for transmitting extending to said second telephone station, a 20
a signal to said operator’s telephone station in- device operative to complete said second loop
dicating that said call originates at a telephone circuit when said call Is answered at said second
station of the pay station t¥pe, a second relay - telephone station, means operative in response
operative from one of its two bositions to the to the operation of said device for interrupting
£5 other when said talking circuit is completed, szid one loop circuit, and means responsive to 25
means responsive to the completion of said talk- the interruption of said one loop circuit for im-
ing circuit for momentarily interrupting said bressing a signal on said second loop eircuit
talking circuit thereby to cause said second relay indicative of the character of sald first telephone
to operate from its said other position to its said station, .
30 one position to complete sald operating circuit, JOHN HENRY VOSsS., 30
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