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32 Claims.

The present invention relates to telephone
systems and more particularly to improved auto~
matic line switching equipment which is con-

trollable in a simple and reliable manner to pro- .

vide different classes of service to subscribers
paying different rates.

It is an object of the present invention to pro-
vide, in a telephone system, an improved arrange-
ment for automatically rendering different classes
of service to different subscribers served by the
same multiparty line.

It is another object of the invention to provide
improved automatic line switching apparatus of
the character indicated which is so arranged
that any substation of the system may be con-
verted from one service class to ancther by the
simple expedient of substituting a calling device
of one character for an installed calling device
of another character.

It is a further and more specific object of the
invention to provide automatic switching appa-~
ratus of the character described which is so
arranged that the subscribers of one class and
served by multiparty lines are prevented from

using certain specified trunks, such, for example, =

as. central office trunks, while other subscribers
served by the same multiparty lines are permitted
to use the trunks.

It is a further object of the invention to pro-
vide automatic switching apparatus of the char-
‘acter described which is so arranged that local
call connections routed therethrough and résult-
ing from calls originating at: substations having
only restricted setvice are automatically released
after they have been established for a predeter-
mined time interval, while local call connections
resulting from calls originating at substations
having unrestricted or semirestricted service are
only released under the control of the calling sub-
scribers.

It is still another object of the invention to pro-
vire aufomatic switching apparatus of the char-
acter described which serves to provide reverting
call signaling service and is so arranged that the
switches utilized in sefting up a reverting call
connection are automatically released a predeter-
mined time interval after they are seized in the
event they are not released under the control of
the calling or called subscriber before the pre-
determined time interval expires. -

It is a still further object of the invention to
provide improved line switching equipment of the
character described which includes apparatus
opérative automatically to release the operated
switches involved in partially established connec-
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tions resulting from line permanents, or the hke,
and which is so arranged that the switch release
apparatus is rendered inactive when the switches
involved in a partially established connection are

. geized over a line arranged for local calls of

unlimited duration. .

In the illustrated embodunent of the invention
there are provided a plurality of subscribers’lines,
certain of which are of the multiparty type indi-
vidually having a plurality of substations asso-
ciated therewith, and automatic switching appa-
ratus in the form of finder-connector links for
setting up connections between the lines of the
system. The connector switches of the links also

. have access to one or more groups of trunks which

are provided to serve only the substations ar-
ranged for unrestricted service and may extend,
for example, to one or more distant suburban
or central exchanges. The finder-connector links
are provided with apparatus for giving service of
one class to certain of the subscribers served by
the multiparty lines and service of a different
class to other subscribers served by the same
multiparty lines. More particularly, this appa-
ratus includes call blocking means for preventing
the subsecribers in one of the restricted service
classes from obtaining access to the interoffice
trunks mentioned above. The trunk call blocking
means is controlled in accordance with the types

9 of calling devices provided at the substations of

different class; calling devices of special character -
being provided at the substations arranged for non-
vestricted service which are operative to render
the trunk call blocking means of the automatic
switching equipment ineffective; and calling de-
vices of conventional character being provided
at the. substations arranged for restricted
service. The latter calling devices are not effec-
tive to prevent the call blocking means of the
automatic switching apparatus from operating.
Each of the finder-connector links also includes a
link release relay which is operative under the
control of timing apparatus common to the links
to release the associated link in the event the
link is seized over a line having a calling con-
dition thereon and a talking circuit is not estab-
lished by way of the link within a predetermined
time interval following its seizure. The circuit
arrangement of the link is such that the link re-
lease relay also functions fo release the associated
link when occupied with a reverting call initiated
on one of the multiparty subscribers’ lines in the
event a loop circuit is not established by way of
this line within a predetermmed time mterva.l
after the link is seized. As indicated above, the
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subscribers’ lines served by the finder-connector
links are divided into two groups, the lines of the
respective groups being arranged for different
classes of service. In accordance with another
feature of the present invention, timing devices
are provided in the links for automatically re-
leasing connections involving calling lines in one
of the two groups after the connections have been
established for a predetermined time interval and
means individual to the lines in the other group
are provided for preventing the operation of the
timing means. More specifically, each link in-
cludes a timing device having a start timing relay
embodied therein, each timing device being oper-
ative under the control of its start timing relay to
release -a connection routed through the associ-
ated link a predetermined time interval after the
connection is established. The circuit wiring of
the links is such that the start timing and link
release relays of any link are prevented from
operating to perform their assigned functions
when the assogiated link is seized over a calling
line arranged for nonrestricted service.

_ 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 method of operation, to-
gether with further objects and advantages
thereof will best be understood by reference to
the specification taken in connection with the
accompanying drawings in which Figures 1, 2, 3
and 4, when placed side by side in the order
named, illustrate an automatic telephone system
having embodied therein the features of the in-
vention as briefly outlined above.

Referring to the drawings, the telephone lines
and automatic switching apparatus there illus-
trated may comprise, for example, a small ex-
change designed to serve a suburban area of
limited population which is geographically ad-
jacent a larger city or town served by a central
exchange. The subscribers’ substations served
by the automatic switching apparatus illustrated
may be arranged for three different classes of
service. For example, the line 10 which serves
only the substation A and terminates in the ex-
change in a line circuit 13 is arranged for un-
limited central exchange trunk service and also
for local calls of unlimited duration. To - this
end, the calling device provided at the substa-
tion A is equipped with an extra set of shunt
springs 28 which are arranged to connect the
positive side of the line 18 to ground during each
operation of the device, and the multipled extra
control contacts of the contact sets, individual
to the finder switches and to which the conduc-
tors of this line are connected, are grounded in
the line circuit 13. All other lines which are to
provide unrestricted service of the character
just described, are arranged in a similar manner,
The two other subscribers’ lines illustrated in
the drawings, namely, the lines i1 and 12 which
terminate in the exchange in lineé circuits 14
and 15, are of the multiparty type, the line 11
being arranged to serve two substations B and C
and the line 12 being arranged to serve two addi-
tional substations D and E. The substation C
is similar to the substation A in that it is
equipped with a calling device having an extra
pair of shunt springs 31 which are arranged to
connect the positive side of the line I to ground,
whereby the subscriber at the substation C is
" permitted to obtain access to the central ex-
change trunks for the purpose of setting up con-
nections directly to the central exchange syb-
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seribers without resorting to the expedient of
routing such connections through a toll opera-
tor's position. The substations B, D and E, on
the other hand, are not equipped with calling
devices of the character provided at the sub-
stations A and C but with calling devices of con-
ventional construction and, accordingly, users
of these three substations can only directly com-~
plete local call connections. Moreover; the ar-
rangement of the line circuit 14 is such that all
local connections can only be used for a prede-
termined time interval, after which they are
automatically released. Thus, the subscriber at
the substation C is restricted as to the duration
of local calls but is provided with central ex-
change toll trunk service. The substdtions B,
D angd E, on the other hand, are restricted both
as to the period of using local call connections
and in the making of central exchange calls.
From the foregoing explanation it will be ap-
parent that in order to provide central exchange
trunk service to any substation associated with

‘one of the multiparty subscribers’ lines of the .

system, it is only necessary to substitute at the
substation a calling device of special character
for an installed calling device of conventional

- character. If all of the substations associated
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with a particular line are to have central ex-
change trunk service, the line circuit terminating
this line may be modified for this purpose with-
out changing the calling devices provided at the
substations associated with the line. To this end,
the extra control conductor of the line circuit
terminating the -line is connected to the nega-
tive terminal of the exchange battery through a
resistor of appropriate resistance. This expedi-
ent, which is shown by way of illustration as be-
ing incorporated in the line circuit (4, may also
be used in the line circuits terminating incoming
trunks from another suburban exchange or a
private branch exchange.

The automatic switching apparatus provided
in the exchange for setting up connections be-
tween the various lines termihating thereat com-
prises a plurality of finder-connector links of
one hundred lines capacity, one of which is il-
lustrated as comprising the finder switch 20 and
the connector switch 25. For the purpose of as-
signing these links to the use of calling lines in
a definite order there is provided a distributor 26,
preferably of the preselecting type and arranged
to initiate the operation of the finder portion
of a preselected link to search for a calling line
in response to the grounding of the distributor
start lead 27 in the line circuit associated with
the calling line. Since the finder switch 20 and
the distributor 26 may be of conventional ar-
rangement, these switching units have been only
schematically illustrated.. The line circuits {3,
14 and 15, with the exceptions pointed out above,
may also be of conventional arrangement and
accordingly the details thereof have not been
shown. The connector switch 25 is illustrated
in Figs. 2, 3 and 4 as being of the well-known
Strowger type having its contact fielg divided
into ten levels of bank contacts, the lowermost
levels of which are reserved for the termination
of subscribers’ lines, branch exchange trunk lines
and one or more central exchange trunk lines
extending to a toll operator’s switchboard in a
distant central exchange. The uppermost levels
of the connector switch are used to terminate
the regular central exchange trunks over which -
the subscribers having unrestricted service may
route connections to the central office subscribers
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without the intervention of & toll operaior. For
example, the tenth level of bank contacts in the
connector switch 25 may be reserved for the ter-
mination of trunks of the last-mentioned group.

Neglecting for the present the details of the
circuit wiring of the connector switch 25 and
considering the operation of the system general-
1y, if a subscriber at the substation B, for ex-
ample, initiates a local call intended for the sub-
station D, the line circuit 14 associated with the
calling line ¢! operates in the usual manner to
mark the calling line as busy in the bank con-
tacts of the connector switches having access
thereto and connects the distributor start con-
ductor 27 to ground. In response to the latter
operation, the apparatus of the distributor 26
initiates the operation of the finder switch em-
bodied in a selected link to seize the calling line.

Assuming, for example, that the link illustrated,

namely, that comprising the finder switch 20 and
the connector switch 25 is assigned to the use of
the calling line {1, the finder portion of this link

upon seizing the calling line extends the calling’

loop circuit to the connector portion of the link
" and releases the distributor 26. When the con-
nector switch 25 is thus seized, the control ap-
paratus thereof functions to return the usual
dial tone signal to the calling subscriber. In
order to extend the connection to the desired
called line the calling subscriber dials the three
"digits of the directory number identifying the
- desired substation D. The first digit is utilized
for the purpose of causing the connector switch
25 to elevate its wipers to a position opposite
the level of bank contacts terminating the group
of ten lines in which the called line {2 is in-
cluded. The second digit is utilized to direct the
wipers of the connector switch 25 into engage-
‘ment with the contacts terminating the conduc-
tors of the desired line §2. The third digit is
utilized for the purpose of selecting ringing cur-
rent of the frequency or code designafing the de-
sired substation D. In the arrangement illus-
trated provisions are only made for harmonic
ringing, but it will be apparent to those skilled in
the art that the ringing arrangement disclosed
may be modified to include pfovisions for code
ringing without departing from the scope of
the present invention. The arrangement of the
control. apparatus embodied in the connector
switch 25 is such that the called line is not tested
until shortly following the end of the ringing
digit. If this line tests busy, the usual busy tone
signal is returned to the calling subscriber. On
the other hand, if the line is idle ringing current
of the selected frequency or code is transmitted
over the calling line for the purpose of signaling
the subscriber at the substation D that his sub-
station is being called. The ringing operation
is terminated and the desired talking circuit is
fully established when the call is answered at the
called Substation. The answering of the -call
also serves to initiate the operation of a conver-
. sation timing device which, in the case under
consideration, functions to release the operated
switches 20 and 25 in the event the call is not
terminated and the connection released under
the control of the calling subscriber within a
predetermined time interval after it is completed.
The normal telease of the connection is under
the control of the calling subscriber, the operated
switches 208 and 25 and the line circuit {4 being
restored to normal when the calling loop circuit
is interrupted at the calling substation B. Had
the call originated at a substation, such, for ex-
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ample, as the substation A, arranged for fully
unrestricted service, operation of the above-men-
tioned conversation timing apparatus is not ini-
tiated in response to the answering of the call
at the called substation.. -Accordingly, in such
case the connection would endure until released
at the calling end thereof. The arrangement of .
the connector switch is such that if a calling sub-
scriber at a substation, such, for example, as the
substation B, arranged to provide only restrict-
ed service, attempts to obtain access to.one of
the central office trunks over which connections
may be routed directly to the central office sub-.

scribers, the call is blocked in the connector

switch and a busy sighal is returned to the call-
ing subscriber. As indicated above, the call
blocking means provided in the connector switch
25 is rendered inactive under the control of the
calling devices provided at the substations
equipped for unrestricted central office trumk
service. Accordingly, if a central office trunk
call originates at the substation A, for example,
the call may proceed through the automatic
switching apparatus illustrated and the auto-
matic switching apparatus of the central ex-
change without being routed through a toll oper-
ator’s position.’ In this connection it is pointed
out that the connector switch 25 is arranged for
switching-through -operation on central office
trunk calls. Reverting call connections are com-
pleted by directory number dialing, the arrange-
ment of the switching apparatus being such that
any link occupied with a reverting call is released
under the control of the timing apparatus com-
mon to the links in the event the busy link is
not released in the normal manner within a pre-
determined time interval after it is seized.
Referring now in greater detail to the connec-
tor switch 25, the Strowger switching mechanism
of this switch comprises a set of wipers 480 and
the usual vertical and rotary magnets 347 and
348, respectively, which are operative in conjunc-
tion with their associated ratchet and pawl
mechanisms, not shown, to impart vertical and

rotary movement to the wiper set. This mecha-

nism is also equipped with vertical off-ncrmal
springs 306, 322 and 357 which perform various
circuit control operations described with particu-
larity hereinafter. The switching mechanism
further comprises a release magnet 348 which,

“when energized, permits the wipers 480 to be re-

turned to vertical and rotary normal in the
usual manner, and normal post springs 262, 325,
326 and 327 which perform additional circuit con-
trol operations described with particularity here-
inafter and are arranged to be moved off-normal
from the-normal positions shown in the drawings
in response to elevation of the wipers 480 to one
or more predetermined vertical off-normal posi-
tions. The equipment for controlling the ver-
tical, rotary and release magnets of the switching
mechanism and for performing the auxiliary con-
trol operations required incident to the setting
up of the various types of connections referred to
above includes a pair of line relays R260 and
R320 which are arranged to be energized in series
over the two talking conductors of the trunk {00
incoming to the connector switch 26. This equip-
ment further comprises a slow-acting hold relay
R300, a slow-acting relay R220 which is a slave
to the hold relay, a pair of relays R2060 and R2(0
which are ‘utilized in setting up reverting call
connections between two substations associated
with any one of the multi-party lines of the sys-
tem, a link release relay R230, a switching-
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through relay.Rue and a back bridge relay R250.
Additional relays embodied in the connector
switch and shown in Fig. 3 of the drawings in-

clude a pair of control relays R3{0 and R330 .

which are ufilized in providing the different
classes of service described above; a pulse circuit
transfer relay R340 of the slow-acting type; a
pair of pulse responsive control relays R358 and
R360 also of the slow-acting type and a second
pulse circuit transfer relay R370. The relay
equipment illustrated in Fig. 4 and also embodied
ir. the connector switch 25 comprises & slow-act-
ing ring cut-off relay R410, a relay R400 which
is a slave to the ring cut-off relay, a busy test
relay R420, a pair of ringing control relays R433
and. R440 and a slow-to-operate line switching
relay R450. Selection of the frequency of ringing
current which is to be projected over a called
line is accomplished through the provision of a
minor switch 470 of the eleven point type which
includes three wipers 411, 4712 and 413, the usual
operating and release magnets 414 and 415, re-
spectively, and off-normal contact springs 416
and 471. This minor switch also functions as a
timing device for determining the duration of
local call connections established by way of the
connector switch 25, operation of the switch 470
for this purpose being initiated under the control
of a slow-to-operate start timing relay R469.

Local calls

Referring now more particularly to the oper-
ation of the connector switch 29, when the finder
switch 20 operates in the manner outlined above
to seize a calling line, such, for example, as the
line 11, a ground connection extending from the
finder switch 20 to the control or release conduc-
tor C108 is completed in the usual manner. When
this conductor is grounded, the relays R2{0; R310
" and R340 are energized and operate. The circuit
for energizing the relay R210 extends by way
of the grounded conductor C108, RA205 and the
winding of R210 to battery. The circuit for ener-
gizing the relay R310 extends by way of the
grounded conductor C108, the off-normal springs
306, RA312 and the winding of R310 to battery.
The circuit for energizing the relay R340 extends
by way of the grounded conductor C1088, the off-
normal springs 306 and the upper winding of
R340 to battery. The relay R340 upon operating
completes a loop circuit which extends through
the windings of the two relays R260 and R320
and the finder switch 20 to the calling substa-
tion. Assuming that the call was initiated at the
substation B, this circuit extends from ground by
way of the secondary winding of the transformer
308, RA3414, the off-normal springs 324, the wind-
ing of R328, C267, RA252, RA244, RA202, CI06,
C104, the direct current bridge across Ci83 and
C10& at the calling substation B, C{03, CI105,
RA281, RA242, RA254 and the winding of R260 to
battery. When energized over this circuit the
two relays R260 and R320 both operate. PFur-
ther, the dial tone voltage introduced in this
circuit through the transformer 308 is repro-
duced by the receiver provided at the calling sub-
station B to inform the calling subscriber that
the dialing operation may be started.

At RA342, the relay R340 prepares a circuit for
energizing its lower winding in parallel with the
vertical magnet 347 and opens a point in the cir-
. cuit for energizing the rotary magnet 348 in
parallel with the relays R350 and R360. The re-
lay R210, upon operating, opens, at RA215, a
point in the circuit for energizing the release
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magnet 346 and at its other armatures prepares
certain operating and holding circuits described
more fully hereinafter.

The relay R260 in operating, completes a cir-
cuit for energizing the slow-acting hold relay
R300, this circuit extending from ground by way
of RA245, RA261, C268 and the winding of R308
to battery. At RA261, the relay R260 also opens
& point in the circuit for energizing the relay
R340 and the vertical magnet 341 in parallel.
The relay R320, upon operating, prepares, at
RA321, a holding circuit for the relay R310.
The relay R300 in operating, completes the last-
mentioned circuit, this ecircuit extending from
ground by way of RA30l, RA321, RA3II, RASI2
and the winding of R310 to battery. At RA3Z,
the relay R308 further prepares the cireuit for
energizing the lower winding of the relay R340
and the vertical magnet 347 in parallel. At
RA303, tHe relay R300 completes a circuit ex-
tending by way of C2710 for energizing the slow-
acting slave relay R220. At RA304, the relay
R300 completes a multiple path for impressing
ground potential upon the control conductor
C108 and in so doing completes locking circuits
for the two relays R210 and R340. This path
extends from ground by way of RA232, C27i
and RA304 to the control conductor CI108 and
the completion thereof serves to prevent the re-
lease of the operated finder switch 20 and the
line circuit 14, in the usual manner. At RA30S,
the relay R300 prepares a circuit for energiz-
ing the upper winding of the line switching re-
lay R450. The relay R310 in operating, opens,
at RA3{3, a point in one branch of the auto-
matic cut-in circuit, described hereinafter, for
energizing the rotary magnet 348 in parallel
with the relay R350. At RA3i4, the relay R310
prepares a second branch of the automatic cut-
in ecircuit. The relay R220 in operating, com-
pletes, at RA221, an obvious path for grounding
the timer start lead C207, and at RA222, com-
pletes an obvious multiple path for grounding
the control or release conductor C108. Follow-
ing the relay operations just described the con-
nector -switch is conditioned to respond to the
impulses of the first digit dialed at the calling
substation B.

Assuming that the substation D is desired by
the calling subscriber, three digits are dialed
at the calling substation B, the first two digits
being utilized in the manner briefly described
above to direct the wipers 480 of the connector
switch 25 into engagement with the contacts
terminating the conductors of the called line
12 and the third digit being utilized to select
the frequency of the ringing current which cor-
responds to the desired substation D. The line
relays R260 and R320 follow the impulses of
the three digits and the relay R260 functions
to repeat the impulses of the first digit to the
vertical magnet 347 and the relay R340 in par-
allel over the above-mentioned pulsing circuit.
This circuit extends from ground by way of
RA245, RA261, C269, RA302 to RA342, where
it divides, one branch extending through the
lower winding of R340 to battery and the other
branch extending through the winding of the
magnet 34T to battery. Each time the relay
R320 restores, it opens the above-traced hold-
ing circuit for the contro! relay R3{0, but the
latter relay, due to its slow-to-release character-
istic, remains operated during pulsing. Each
time the vertical magnet 347 is energized it op-
erates to elevate the wipers 480 one step. When
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these wipers are elevated to the first vertical
off-normal position, the off-normal springs 324
are disengaged, the off-normal springs 323 are
moved into engagement, the off-normal springs
306 are disengaged and the off-normal springs
357 are moved into engagement. At the off-
normal springs 323 and 324 the secondary wind-
ing of the dial tone transformer 308 is excluded
from the loop circuit extending to the calling
substation in an obvious manner. At the off-
normal springs 351 the operating circuit for
the release magnet 346 is prepared. At the off-

normal springs 306 the operating circuits for

the relays R3!6 and R340 are interrupted. Due
to the slow-to-release characteristic of the re-
lay R340, this relay remains operated until the
first series of impulses is terminated. For the
same reason the slow-acting hold relay R300
remains in its operated positicn during im-
pulsing. :

During the interdigit pause between the first
and second digits, the relay R348 restores, to
open, at RA341, a further point in the initially
completed loop circuit extending to the calling
substation and to open, at RA342, a point in
the above-traced circuit for energizing its lower
winding in parallel with the vertical magnet
387. At RA242, the relay R340 further prepares
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the above-mentioned circuit for energizing the .

rotary magnet 348 in parallel with the relays
R350 and R368. At its other armatures, the
relay R348 performs certain additional circuit
control operations referred to in detail herein-
after.

During the impulses of the second digit, the
relay R260 functions to complete the last-men-
tioned circuit during the open circuit period of
each impulse. This circuit extends from ground
by way of RA285, RA261, C269, RA30Z, RA342
and C386 to RAG55 where it divides, one branch
extending by way of RA4822, C318 and the wind-
ing of R360 to battery, a second branch extend-
ing by way of RA4823, C38(, RA212 and the wind-
ing of the magnet 348 to battery, and a third
branch extending by way of RA423, C381, RA312,
RA361 and the winding of R358 to battery.
The relay R360 operates when the circuit just
traced is initially completed, and due to its slow-
to-release characteristic, remains operated for
the duration of the second series of impulses.
Tn operating, the relay R368 completes, at RA361,
a holding circuit for the relay R8%8, which cir-
cuit extends from ground by way of RA4S56,
€385, RA36! and the winding of R350 to bat-
tery. At RA362, the relay R360 opens a point
in the circuit for energizing the busy test relay
R420. The relay R350, upon operating, opens,
at RA35(, a point in the circuit for impressing
the voltage of the busy tone current source upon
the established loop circuit extending to the call-
ing substation. At RA352, the relay R350 com-
pletes a path for short-circuiting the winding
of the relay R376, this path extending by way
of the grounded conductor C385, RA361, RA352,
RA318, the winding of R318, C2386 and RA418
back to ground as connected to the control con-
ductor C108. At RA353, the relay R350 pre-
pares a circuit for energizing the trunk hunting
relay R446. At RA355, the relay R358 opens a
point-in the operating circuit for the line switch-
ing relay R450 and prepares the operating cir-
cuit for the busy test relay R428. At RA3D4,
the relay R350 prepares a circuit for energizing
the relay R240. Each time the rotary magnet
348 is energized in response to an impulse of the
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second digit it functions to rotate the wipers
480 one step so that at the conclusion of the
second digit these wipers are positioned in en-
gagement with the contacts terminating the con-
ductors of the called line 12.

During the interdigit pause between the second
and third digit, the relay R368 releases to inter-

rupt, at RA361, the holding circuit for the relay:

R350 and the above-traced path short-circuiting
the winding of R310. At RA362, the relay R360
further prepares the circuit for energizing the
busy test relay R428. When the path short-cir-
cuiting the winding of the relay R318 is inter-
rupted this relay is energized in series with the
relay R350 over a circuit extending by way of
the grounded control conductor Ci88, RA4{4,
386, the winding of R370, RA374, RA352 and the
winding of R350 to battery. - When energized
over this circuit the relay R310 operates to com-
plete a holding circuit for itself, which holding
circuit extends by way of the grounded conduc-
tor C108, RA414, C386, the winding of R370,
RA374,RA313 and the resistor 315 to battery. After
this circuit is completed®the relay R378 opens its
operating circuit as traced above and in so doing

deenergizes the relay R358. At RA3TI, the relay

R3170 prepares the operating circuit for the ring-
ing control relay R430. At RA312, the relay R370
opens the pulsing circuit to the relay R350 and
the rotary magnet 348, and prepares a circuit for
energizing the operating magnet 474 of the minor
switch 870 in accordance with the impulses of
the third digit, thereby to select the frequency
of the ringing current to be transmitted over the
selected line 12. This circuit is completed during
the open circuit period of each impulse of the

-third digit and extends from ground by way. of

RA245, RA264, C269, RA302, RA342, C280,
RA#S55, RA423, C38{, RA312, C389 and the wind-
ing of the magnet 414 to battery. The branch
of this circuit which extends by way of RA§22,
C378 and the winding of R368 is also completed

each time the pulsing relay R288 restores at the

beginning of an impulse. Accordingly, the relay
R368 is reoperated at the beginning of the first
impulse of the third digit and remains operated
until the digit is ended.. Upon reoperating, the
relay R360 recompletes the previously traced cir-
cuit for energizing the relay R350 and opens the
operating circuit for the busy test relay R420.
The relay R358, upon reoperating, performs the
circuit control operatiohs previously described.

" Each time the operating magnet 474 of the switch
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470 is energized over its operating circuit as
traced above it functions to advance the wipers
471 to 413, inclusive, one step so that at the con-
clusion thereof these wipers stand in engagement
with the contacts corresponding to the frequency
of the ringing current to which the signal device
provided at the desired substation D is tuned to
respond. .As explained in greater detail herein-
after, operation of the switch 470 also serves to
select the side of the line over which the ringing

“current is to be projected in the event divided

ringing is used. This is accomplished by includ-
ing the multipled second, fourth, sixth, eighth
and -tenth contacts of the inner contact set as-
sociated with the wiper 411 in the operating cir-
cuit for the control relay R440 so that this con-
trol relay will be energized in the event g third
digit comprising an even number of impulses is
dialed at the calling substation. These multipled
contacts are also included in the circuit for trans-
mitting ringing current of the selected frequency
over .the called line. The multipled odd num-




6

bered contacts of the inner contact set associated
with the wiper 411 are not included in the oper-
ating circuit for the control relay R440, being
utilized solely for the purpose of transmitting
ringing current over the called line. Accordingly,
the relay R440 is not energized in the event a
third or ringing digit comprising an odd number
of impulses is dialed at the calling substation.
‘When the wipers of the switch 470 are stepped to
the first off-normal position in response to the
first impulse of the third digit, the off-normal
contact springs 478 are disengaged to open a fur-
ther point in the operating circuit for the release
magnet 348 and the contact springs 411 are en-
gaged to prepare a circuit for energizing the re-
lease magnet 4715 of the switch 470. When the
wiper 412 is moved off-normal in response to the
first impulse of the third digit it engages the
first contact of the associated contact multiple,
thereby further to prepare the operating circuit
for the busy test relay R420.

The relay R360, which is deenergized in the
manner previously explained at the end of the
third digit, restores shortly thereafter to com-
Dlete the operating circuit for the busy test relay
R420 and to open the circuit for energizing the
slow-to-release relay R350. If the selected line
12 is busy, guarding ground potential is impressed
upon the private conductor thereof in the usual
manner. Accordingly, the busy test relay R420
is energized over its operating circuit which ex-
tends by way of the grounded private wiper 483,
the wiper 4712 and one of its associated multipled
contacts, C271, RA362, RA355, RA356, C393, the

upper winding of R420 and RA458’ to battery. ©

When energized over this circuit the relay R420
operates, to open, at RA424, g point in the op-
erating circuit for the line switching relay R450.
* At RA421, the relay R420 prepares a holding cir-
cuit for itself, this holding circuit being com-
pleted in response to the release of the relay R350
which occurs shortly following operation of the
relay R420 and extending by way of the grounded
control conductor C108, RA421, C394, RA356,
C393, the upper winding of R420 and RA458’ to
battery. At RA422 and RA423, the relay R420
further opens the previously traced operating
circuits for the relays R360 and R350, the rotary
magnet 348 and the operating magnet 474 of
the minor switch 470, thereby to prevent further
operation of the calling device provided at the
calling substation B from effecting further oper-
ation of the control apparatus embodied in the
connector switch 25. At RA425, the relay R420
prepares a circuit for energizing the control relay
R440 during an automatic trunk hunting opera-
tion on the part of the connector switch 25. At
RAA421, the relay RA20 completes the circuit for
transmitting busy tone current.over the estab-
lished loop extending to the calling substation.
The circuit traversed by this current extends from
one terminal of the busy tone current source, not
shown, by way of C401, the condenser 406,
RAA421, C371, RA35I, C263, the condenser 248,
RA242, RA201, C105, C103, the receiver at the
substation B, C104, Ci106, RA202, RA244, RA252,
C261, the winding of R320, the off-normal springs
323 and RA30I to the opposite terminal of the
busy tone current source, Energization of the
receiver provided at the calling substation by the
busy tone current traversing this circuit serves
to inform the calling subscriber that the desired
connection cannot be obtained. The manner in
which the operated switch train is released when
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the call is abandoned at the calling substation is
fully described hereinafter. ,

In the event the selected line (2 is idle, bat-
tery potential is impressed upon the private wip-
er 483, so that the busy test relay R428 is not
energized over its operating circuit as traced
above. When, therefore, the relay R380 restores
shortly following the end of the third digit, the
operating circuit for the slow-to-operate line
switching relay R450 is completed. 'This circuit -
extends from ground by way of RA308, C381,
RA424, the upper winding of R450, RA426, C3981,

" RA355, RA362, C271, the wiper 472, the private
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wiper 483 and through the winding of the cut-
oft relay embodied in the line circuit 15 to bat-
tery. When energized over this circuit the relay
R450 operates to complete, at the “X” contacts
associated with RA457, a locking circuit for itself,
this locking circuit extending from ground by
way of RA301, C376, RA45T and the lower wind-
ing of R450 to battery. After this circuit is com-
pleted, the relay R450 connects the private wiper
483 to ground at RA4353, thereby to mark the line
12 as busy in the bank contacts of the other
connector switches having access thereto and to
cause the operation of the cut-off relay embodied
in the line circuit 1§ in the usual manner. At
RA451 and RAA452, the relay R480 further pre-
pares the talking circuit to the called substation
D. At RA454, the relay R450 completes a cir-
cuit extending by way of RA434, C378’, RA3TI
and C319 for energizing the ringing control relay
R430. At RA455, the relay R450 opens a point
in the commen portion of the previously traced
operating circuits for the relays R380 and R350,
the rotary magnet 348 and the operating magnet
414 of the minor switch 4710, thereby to prevent
further operation of the calling device provided
at the calling substation from eftécting further
operation of the control apparatus embodied in
the connector switch 25. At RA4586, the relay
R450 opens a point in one of the previously
traced circuits for energizing the relay R380. At
RA4ST’, the relay R450 further prepares the cir-
cuit for transmitting ringing current to the sig-

® nal device associated with the called substation.

At RA458, the relay R450 prepares a locking cir-
cuit for the relay R440. At RA458’, the relay
R450 opens a further point in the previously
traced operating and holding circuits for the
busy test relay R420. Finally, the relay R450
prepares, at RA459, a circuit for energizing the
link release relay R230. The relay R#430, upon
operating, further prepares the ringing circuit at
RAA432 and completes at RA433 and RA44A a
locking circuit for itself. This locking circuit ex-
tends from ground at RA30I by way of C316,
RA433, RA434, C318’, RA31TI, C319 and the wind-
ing of R430 to battery. At RA43i, the relay
R430 completes a path for projecting ringing
current by way of the loop circuit extending to
the calling substation, whereby the usual ring-
back tone signal is reproduced by the receiver
provided at this substation. The path traversed
by the ring-back tone current extends from one
terminal of one of the ringing current sources
by way of C408, RA431, RA40I, the condenser
407, C263, the condenser 248, RA242, RA20f,
C105, C103, the receiver at the calling substa-
tion B, Ci04, CI06, RA202, RA244, RA252, C261,
the winding of R320, the off-normal springs 323
and RA301 to the other terminal of the ringing
current source. Following the operation of the
ringing relay R430, ringing current of the se-
lected frequency is transmitted over the called
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line 12 to energize the signal device provided at
the called substation D each time the ringing in-
terrupter conventionally embodied in the ringing
apparatus, not shown, operates to connect the
selected ringing current source to the selected
ringing lead. Assuming that the line {2 is ar-
ranged for bridged ringing and further that the
wipers of the switch 470 stand in engagement

with their assoclated first contacts, the. path .

traversed by the ringing current may be traced
as extending by way of the No. 1 ringing current
lead, the wiper 47{ and its associated first con-
tact, RA432, RA442, RA412, RA452, the wiper 482,
the signal device provided at the substation D
and bridged between the line conductors of the
line 12, the wipar 481, RA4S!, RA4!I, RA4A(, the
lower winding of the ring cut-off relay R410 and
the exchange battery to ground. Obviously, por-
tions of this ringing current also traverse the
signal devices individually provided at the other
substations connecfed to the line {2. Since, how-
ever, these other signal devices are tuned to
respond to ringing currents having frequencies
different from . that of the ringing voltage im-
pressed on the first ringing lead associated with
the wiper 471 of the switch 410, they do not op-
erate. The signal device provided at the substa-
tion D responds to the ringing current traversing
its windings over the circuit just traced and op-
erates to indicate an incoming call.
event the line {2 is arranged for divided ringing
and the signal device at the called substation D
is connected between the positive conductor of
the line {2 and ground, the ringing current is
_ conducted to the windings of the signal device

provided at the substation D over a circuit sub-
. stantially similar to that traced above, but in
this case the return path to the grounded side
of the ringing current source is obtained directly
through the grounded terminal of the signal
device. In the event the line 12 is arranged for
divided ringing, the signal device provided at the
substation D is connected between the negative

conductor of the line 12 and ground and the

frequency of the ringing current to which this
signal device responds is the frequency of the sig-
nal voltages impressed on one of the second,
fourth, sixth, eighth or tenth ringing leads as-
sociated with the wiper 471, the relay R440 is op-
erated during the first ringing cycle which fol-
lows operation of the relay R458. More specifi-
celly, the relay R440 is, in this case, energized
over a circuit extending from ground through
the selected ringing current source over the se-
lected even numbered ringing lead, the wiper 474
and two of its associated even numbered con-
tacts, RAAST’, RA445, C390, the armature 349,
C384 and the lower winding of R440 to battery.
When energized over this circuit the relay R440
operates to complete a locking circuit for itself,
which locking circuit extends by way of the
grounded control conductor C108, the upper
winding of R440, RA458, RA446, RAJ4S, C390,
the armature 349, C384 and the lower winding.

of RA440 to battery. At its armatures RA44f,

RA442 and RAA43, the relay R440 completes a
circuit for projecting ringing current of the se-
lected frequency over the called line i2. In this
case the circuit traversed by the ringing current
extends by way of one of the even numbered
ringing leads, the wiper 471 and two of its as-
sociated even numbered contacts, RA467’, RA443,
RA432, RA4GI, RA4II, RASS(, the negative line
wiper 481 and the negative side of the line 12
to one terminal of the signal device provided at
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the substation D. Assuming that this signal de-
vice is connected between the negative conductor
of the line 12 and ground, the current after trav-
ersing the windings of this device, is returned
directly to the grounded terminal of the select- .
ed ringing current source. On the other hand,
if the signal device provided at the substation
D is bridged across the conductor of the line 12
in series with a condenser the ringing current is
returned to the grounded terminal of the select-
ed ringing current source over a path including
the positive conductor of the line 12, the posi-
tive line wiper 482, RA452, RA4(2, RA442, the
lower winding of R410 and the exchange battery.
From the foregoing explanation it will be ap-
parent that the control relay R440 determines
the side of a selected called line over which ring-
ing current is to be projected in accordance with
the odd or even number of the ringing digit
dialed at a calling substation. '
‘The desired talking circuit between the calling
and called substations is completed when the call
is answered at the called substation. More par-
ticularly, when the hook switch provided at the
called substation D is operated to establish a
direct current bridge between the conductors of
the line 12, the ring cut-off relay R410 is ener-
gized over a circuit the character of which de-
pends upon whether the line 12 is arranged for
bridged or divided ringing. Assuming the line -
2 is arranged for bridged ringing and that an
odd numbered ringing lead has been selected, the
circuit for energizing the relay R410 extends by

. way of the selected grounded ringing lead, the
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wiper 47{, RA432, RA442, RA412, RA452, the
positive line wiper 482, the positive side of the
line 12, the bridge across the conductors of the
line (2, the negative side of the line (2, the
negative line wiper 484, RA451, RA4II, RA44L
and the lower winding of R41§ to battery. As-
suming _that an even numbered ringing lead has
been selected, the circuit for energizing the relay
RE10 extends by way of the selected grounded
ringing lead, the wiper 470, RA457’, RA443,
RA432, RA441, RA4IL, RA4SL, the negative line
wiper 48{, the negative side of the line {2, the
direct current bridge across the conductors of

_the line 12, the positive side of the line 12, the

" positive line wiper 482, RA452, RA412, RA442 and
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the lower winding of R4i8 to battery. In the
event a call is initiated at one of the substations
associated with the line {2 substantially simul-
taneously with the operation of the line switch-
ing relay R456, the ring .cut-off relay is ener-
gized over a circuit extending from ground by
way of RA432, RA442, RA4I2, RAAG2, the posi-
tive line wiper 482, the positive conductor of the
line 12, the established bridge across the con-
ductors of this line, the negative side of the line
{2, the negative line wiper 481, RA451, RA4(I,
RA841 and the lower winding of R410 to battery.
When energized over any one of the circuits
traced -above, the relay R4{0 first operates to
complete a locking circuit for itself at the “X”
contacts associated with RA413, this locking cir-
cuit extending from ground by way of RA30I,
€316, RAE{3 and the upper winding of R410 to
battery. At RA&1{ and RA4{2, the relay R4i0
opens two points in each of its three operating
circuits as traced above and in so doing inter-
rupts the established ringing current circuit and
completes the desired talking circuit between the
calling and called lines. At RA414, the relay
R410 opens the previously traced locking circuit
for the relay R376, causing the latter relay-to re~




store. At RAAIS, the relay R4(0 completes an
obvious circuit for energizing its slave relay R400.

The relay R408, upon operating, opens, at
RAA401, the above-traced circuit for transmitting
ringing current over the calling end of the con-
nection and prepares a circuit for transmitting a
special signal current over the established con-
nection after a predetermined time interval has
- elapsed. At RA402, the relay R400 completes a
circuit for energizing the slow-to-operate timer
start relay R460, this circuit extending from
ground through the winding of R460 and by way
of RA402, C216 and -the resistor 2i6 to battery.
At RA403, the relay R400 opens one of the mul-
tiple operating circuits for the relay R210. At
RA405, the relay R400 further opens the oper-
ating circuit for the release magnet 346. Finally,
at RA404, the relay R400 completes a circuit for
energizing the release magnet 415 of the minor
switch 470.. This circuit extends from ground
at RAA64 by way of RA404, the off-normal
springs 411 and the winding of the magnet 41§
to battery. When energized over this circuit the
release magnet operates in the usual manner
to restore the wipers 471, 472 and 413 to normal.

When the ring cut-off relay R4(0 operates in
the manner explained above, it functions to
establish a loop circuit extending from the called
substation through the windings of the back
bridge relay R250. More particularly, the relay
R250 is energized over a circuit extending from
ground through its upper winding and by way
of C265, RA412, RA452, the positive line wiper
482, the positive side of the line 12, the bridge
across the conductors of this line, the negative
side of the line 12, the negative line wiper 481,
RAASI, RA&11, C263 and the lower winding of
R250 to battery. When thus energized, the relay
R250 operates and at its armatures RA25{ to
RA254, inclusive, reverses the direction of cur-
rent flow over the loop circuit extending to the
calling substation in the usual manner. This
current reversal may be utilized for various su-
pervisory or control purposes with which the
present invention is not concerned. At RA255
and RA256, the relay R250 opens points in the
cperating and holding circuits for the link re-
lease relay R230. Following operation of the re-
lay R250 the conncction between the calling and
called substations is fuily established, talking bat-
tery being supplied to the loop extending to the
calling substation through the windings of the
line relays R250 and R328, and to the loop ex-
tending to the called substation through the
windings of the back bridge relay R250.

The normal release of the established connec-
tion is under the control of the calling subscriber
at the substation B. Thus, when the connection
is released at the called substation the loop cir-
cuit extending through the windings of the back
bridge relay R250 is interrupted and this relay
restores to again reverse the direction of current
flow over the calling loop circuit and to repre-
pare the operating and holding circuits for the
link release relay R230. When the connection is
released at the calling end thereof the two line
relays R260 and R320 are deenergized and restore
in the usual manner, the first of these relays
functioning to open the operating circuit for the
hold relay R300 and the second thereof operat-
ing to open the holding circuit for the relay R310.
Thus, the four relays R260, R300, R310 and R320
are deenergized and restore. The relay R300 in
releasing, opens, at RA331, the previously traced
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At RA03, the relay R308 interrupts the operat-
ing circuit for the relay R220. At RA309, the re-
lay R309 opens a point in the previously traced
operating circuit for the relay R450. The relay
R410, upon restoring, opens, at RA415, the op-
erating circuit for the slave relay R400, and the
relay R480, in releasing, opens, at RA458, the
holding circuit for the relay R440. Thus, the re-
lays R220, R400 and R44J are deenergized and
restore, At RA453, the relay R450 disconnects
ground from the private wiper 483, thereby to
cause the release of the cut-off relay embodied
in the line circuit {5 in the usual manner. As a
result, the line 12 is again marked as idle in the
bank contacts of the connector switches having
access thereto. The relay R400 in restoring,
opens, at RA402, the previously traced operating
circuit for the relay R460 causing the latter relay
to restore. The relay R220, upon restoring in re-
sponse to the release of the hold relay R300, dis-
connects ground from the control conductor C108
at its armature RA222 and in so doing opens the
holding circuit for the relay R210, thus causing
the latter relay to restore. At RA22i, the relay
R220 opens one of the multiple paths for im-
pressing ground potential upon the timer start
conductor C207. When the control conductor
Cti8 is disconnected from ground, the finder
switch 20 and the line circuit 18 are released in
the usual manner, Following the release of these
two switching units, the calling line #1 is marked
as idle in the bank contacts of the connector
switches to which it extends. The relay R210 in
releasing, opens, at RA212, the prepared operat-
ing circuit for the link release relay R230 and
completes, at RA215, one of the operating cir-
cuits for the release magnet 415. This circuit
extends from ground by way of RA215, RA241,
C282, the off-normal springs 417 and the wind-
ing of the magnet 415 to battery. When ener-
gized over this circuit the release magnet 415
operates, permitting the wipers 471 to 413, in-
clusive, to be restored to normal in the usual
manner. When these wipers are returned to their
respective home positions the off-normal springs
471 are disengaged to deenergize the release mag-
net 475 and the off-normal springs 416 are moved
into engagement to complete the prepared op-
erating circuit for the release magnet 346. The
latter circuit extends from ground by way of
RA215, RA241, C282, the off-normal springs 416,
RA405, C358, the off-normal springs 357 and the
winding of the magnet 346 to battery. When the
release magnet 346 is thus energized, the wipers
480 of the Strowger switching mechanism are re-
stored to normal in a well-known manner, At
this time the off-normal springs 357 are disen-
gaged to deenergize the release magnet 346 and
the off-normal springs 306 and 322 are restored
to normal. Following the release of the Strow-
ger switching mechanism the connector switch 25
is fully restored to normal.

As indicated previously, the arrangement of
the apparatus is such that the relay R460 in co-
operation with the minor switch 470 and the

pulse generating equipment, not shown, functions

to time a connection which results from a cail
originating on the line {1, for example, arranged
for restricted service, and to release the con-
nection a predetermined time interval after it is
established in the event the connection is not
released under the control of the calling sub-
scriber before the time interval elapses. More
specifically, the relay R460, upon operating, opens
at RA46!, a further point in one of the multiple
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operating circuits for the relay R210 and inter-
rupts at RA464 the previously traced operating
circuit for the release magnet 475. At RA462
and RAA63, the relay R460 further prepares the
above-mentioned path for impressing a warning
signal voltage on the established connection from
a source of tick-tonie current, not shown. At
RA462, the relay R460 also prepares one of the
operating circuits for the line switching relay
R200. At RA4ES5, the relay R460 prepares an al-
ternative circuit for energizing the operating
magnet 474 of the minor switch 470. Following
the operation of the relay R460, this alternative
circuit is periodically completed through the
application of ground potential to the time pulse
lead C467 by a pulse generator, not shown.
These ground pulses may be applied to the time
pulse lead C467 at intervals of any desired spac-
ing from a ground pulse generator of conven-
tional construction and arrangement. Each time
the lead C467 is grounded; the magnet 474 is
energized and operates to advance the wipers of
the switch 410 one step. After nine current
pulses have been delivered to the magnet 414
such that the wipers of the switch 410 are oper-
ated to engage their associated ninth contacts,
the above-mentioned path for impressing the
voltage of tick-tone current source upon the es-
tablished connection is completed, this path ex-
tending from the ungrounded terminal of the cur-
rent, source by way of C465’, the condenser 468,
RAG63, the wiper 413 and its associated ninth
contact, RA40f and the condenser 407 to the
negative side of the established loop circuit ex-
tending to the called substation. The - current
flowing over this path is projected over the call-
ing and called ends of the connection to energize
the receivers respectively provided at the calling
and called substations and thus indicate to the
subscribers conversing over the established con-
nection that the connection is about to be forcibly
released. -In the event the calling subscriber
does not immediately hang up to initiate the re-
lease of the connection in the normal manner
prior to operation of the wipers of the switch 470
to their respective tenth off-normal positions, the
relay R200 is energized and operates to inter-
rupt the established talking circuit. More par-
ticularly, when the magnet 414 receives the tenth
ground pulse from the pulse generating equip-
ment it operates to advance the wiper 473 into
engagement with its associated tenth contact,
thereby to complete the above-mentioned oper-
ating circuit for the relay R200. This circuit
extends from ground at RA232 by way of C2aTi,
the wiper 473, RA462, C280 and the winding of
R200 to battery. When energized over this cir-
cuit, the relay R200 operates to complete a lock-
ing circuit for itself, this locking circuit extend-
ing from ground by way of RA232, RA222, CI108,
RA206 and the winding of R200 to battery. At
RA203, the relay R200 connects multiple ground
to the timer start lead C261. At RA204, the relay
R200 completes a multiple holding circuit for the
relay RAB0, this circuit extending from ground
by way of RA232, RAZIH, RA204, C272 and the
lower winding of R480 to battery. At RA205,
the relay R200 opens the operating circuit for
the relay R219 causing the latter relay to restore
after an interval. At RA20! and RA202, the re-
lay R200 opens two points in the established loop
circuit extending from the calling substation
through the windings of the line relays R260 and
R320. When these two line relays restore, the
operated relays of the connector switch 28 are
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caused to release in the manner previously ex-

plained. In this case the release of the minor -
switch 470 and of the Strowger switching mecha-

‘nism occurs concurrently with the release of the

opersted relays. Thus, when the relay R210 re-
stores shortly following operation of the relay
R200, it completes the previousiy traced operat-
ing circuit for the release magnet 418, whereby
the wipers of the switch 410 are permitted to
restore to normal. During the homing opera-
tion of these wipers and when the wiper 413 is
disengaged from its associated tenth contact, the
above-traced operating circuit for the relay R200
is released. Also, the off-normal springs 411 are
disengaged to deenergize the release magnet 416
and the off-normal springs 416 are engaged to
complete the operating circuit for the release
magnet 346. When the magnet 346 is energized,
the wipers 480 of the Strowger switching mecha-
nism are restored to normal, at which time the
off-normal springs 357 are opened to deenergize
the release magnet 346, During the movement
of the wipers 480 to normal and when these
wipers are disengaged from the contacts of the
conductors - terminating the line 12, the back
bridge relay R250 is deenergized and restores.
During the release of the operated relays em-
bodied in the connector switch 26 and when the
relay R220 restores to disconnect ground from
the control conductor Ci08, the relay R200 is
deenergized and restores.  The removal of ground
potential from the control conductor C108 also
results in the release of the operated finder switch
20 and the line circuit 14 in the usual manner.
Aside from the differences’pointed out, the se- .
quence in which the operated relays of the con-
nector switch 25 are released in response to
operation of the relay R200 is exactly the same as
previously described with reference to the nor-
mal release of this switch.

As explained in the introductory portion of the
specification, on local calls originating on lines
having unrestricted local call service and routed
by way of the connector switch 25, the timing ap-
paratus comprising the relay R460 and the minor '
switch 470.is prevented from operating to re-
lease the connection a predetermined time in-
terval after it is established. 'To this end, the
extra control contact of each finder switch con-
tact set terminating a line of this character is
connected directly to ground, so that a path is
completed for short-circuiting the timer start
reiay R460 when the slave relay R400 operates.
Thus, the line 18 is illustrated as being arranged
for unrestricted local call service, the extra con-
trol contact of the contact set in the finder
switch 20 which terminates this line being con-
nected to ground in the line circuit 13 over the
conductor Clt{. With the line circuit 13 wired
in this manner if a call which has been routed
from the line 18 through the finder switch 20
and the connector switch 25 to the substation D,
for example, is answered at this substation to

" cause the operation of the relays R&10 and R400
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in the manner just explained, the timer start
relay R460 is short-circuited. The path for
short-circuiting this relay extends from ground
through the winding of R460 by way of RAJ02,
Cc216, RA213, C215, RA4GY, C214, RA33i, CI1017,
the extra control wiper of the finder switch 26
and Cltl back to ground. With the relay R466
short-circuited, operation of the minor switch
470 is prevented and, accordingly, the connec-
tion may be held from the calling substation for
an unrestricted time interval,
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In the event the called line 12 is busy at the
time it is selected, only the relays R210, R228,
R260, R300, R3{6, R320, R310 and R429 are op-
erated at the time the connection is released at
the calling end thereof. During the release of
the enumerated relays, the relays R370 and R420
are deenergized and restore when the control
conductor Cl088 is disconnected from ground in
response to the release of the relay R220. The
other enumerated relays of the connector switch |
are released in the exact sequence described
above. :

£ B

EReverting calls

The arrangement of the connector switch 25 |
. is such that in setting up reverting call con- -

nections the selective signaling of called sub-
stations is accomplished by directory number
dialing. More particularly, if the above-de-
scribed call originating at the substation B is
intended for another substation, such, for ex-
ample, as the substation C, also connected to the
line {1, the calling subscriber after initiating the
call in the manner previously described dials the
directory number of the desired substation C.
The first two digits of this directory number des-
ignate or identify the line {{, while the third
digit is utilized to select ringing current of the
particular frequency to which the signal device
provided at the.substation C is responsive. The’
manner in which the connector switch 25 re-
sponds to the three digits is exactly the same as
described above with reference to the call routed
to the substation D.. In this case since the line
-selected, namely, the line i1, is marked as busy,
due to the operated condition of the line cir-
cuit {4, the usual busy tone signal is reproduced
by the receiver provided at the calling substation
B shortly following the end of the third digit.
Upon receiving the busy tone signal, the calling
subscriber must hang up in order to initiate the
ringing operation necessary to signal the called
substation. In response to this release opera-
tion performed at the substation B, the calling
loop circuit is interrupted to cause the release of
the two line relays R260 and R328 followed by
the release of the hold relay R3006 and the relays
R310 and R228. In releasing, the relay R300
opens, at RA301, a point in the previously traced
locking circuits for the relays R4{8 and R450 in
addition to interrupting the holding circuit for
the relay R318. At RA305, the relay R330 opens
a ppiht in the previously traced operating cir- -
cuit for the relay RA458. At RA302, the relay
R369 interrupts the common portion of the pre--
viously traced pulsing circuits extending to the
magnets 347, 348 and 474. At RA304, the relay
R320 opens the initially completed path for im-
pressing ground potential upon the control con-
ductor Ci08 and completes an alternative path
for maintaining ground potential upon this con-
trol conductor and for holding the private wiper
483 grounded. This alternative path extends
from ground by way of RA232, C271, RA304,
€383, RA426, C391, RA355, RA362, C277 and the
wiper 472 to the private wiper 483. From this
point the ground connection is extended through
the line circuit §4 and the finder switch 28 to the
control conductor Ci08 to hold operated the re-
lays R210, R370 and R426. The busy test relay
D420 is held operated pending operation of the
line switching relay R458, 'The relay R220, upon
releasing in response to restoration of the hold
relay R300, completes the operating circuit for
the relay R280, this circuit extending by way of
the grounded control conductor C108, RA222,
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RA214, C281, RA428; C280 and the winding of
R200 to battery. The relay R200 in operating,
completes, at RA206, an obvious locking circuit for
itself and opens, at RA205, one of the multiple
operating circuits for the relay R210. At RA203,
the relay R200 completes one of themultiplepaths
for grounding the timer start conductor C201.
At RA20{ and RA202, the relay R200 opens two
additional points in the calling loop circuit as
initially established: through the finder switch
20. At RA204, the relay R200 completes an al-
ternative circuit for energizing the line switch-
ing relay RA4590, this circuit extending from
ground by way of RA232, RA211, RA204, C212
and the lower winding of R450 to battery. When
energized over this circuit the relay R450 com-
pletes the prepared operating circuit for the
ringing relay R430 and prepares at RA451 and
RA452 the ringing circuit to the line 1. At
RA453, the relay R459 completes an obvious mul=
tiple path for grounding the private wiper 483.
At RASET’, the relay R450 prepares the previous-
ly traced operating circuit for the relay RA440,
whereby the latter relay is caused to operate and
lock if an even nurhbered ringing current lead
has been selected by the minor switch 470, At
RAAE58’, the relay R450 interrupts the locking
circuit for the busy test relay R420, causing the
latter relay to restore. At RA433 and RA434,
the relay RA439, upon operating, completes an
alternative locking circuit for itself, this cir-
cuit extendihg from ground at RA232 by way of
RA2I1, RA204, C212, RAASHT, RA433, RA434,
C378’, RA311, C319 and the winding of R430
to battery. Upon restoring, the relay R420 opens,
at RA428, the above-traced operating circuit for
the relay R200 and at RA427 a further point in
its own holding circuit.

Following operation of the line switching re-~
lay "R450, the ringing control relay R430 and
possibly the relay R440, ringing current of the
selected frequency is fransmitted by way of the
line” il to energize the signal device provided
at the substation C over oné of the three ringing
current circuits traced previously with reference
to the local call routed tp the substation D. When
the call is answered at the called substation, the
previously traced circuit for energizing the ring
cut-off relay R410 is completed. At RA413, the
relay R410 first completes an alternative holding
circuit for itself, this alternative circuit extend-
ing from ground at RA232 by way of RA2II,
RA204, C2712, RA457, RA413 and the upper wind-
ing of R410.to battery. At RA4iI5, the relay
RA448 completes the operating circuit for the slave
relay R400. At RA414, the relay R419 opens the
holding circuit for the relay R310, causing the
latter Trelay to release and open, at RA3TI, the
locking circuit for the ringing relay R438. The
relay R400 in operating, opens, at RA403, the
only completed -circuit for energizing the relay
R210. The relay R210 now releases to open, at
RA21{, the previously traced operating circuit
for the relay RA458 and the holding circuit for
the relay R410, thereby to cause the release of
the relays R450, R440, if operated, R4{0 and

"R400 in the order named. The relay R450 in

releasing, disconnects the private wiper 383 from
ground at RA453. Since the control conductor
Ci08 is connected through the finder switch 20
and the line circuit 14 to the private wiper 483,
this conductor is also disconnected from ground
in response to the release of the relay R450.
Accordingly, the relay R200 is deenergized and
restores. The relay R210 in releasing, also com-
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pletes, at RA215, the previously traced operating
circuit for the release magnet 415, whereby the
- wipers of the minor switch 410 and the wipers
480 of the Strowger switching mechanism are

sequentially restored to normal in the manner

previously explained.

When ground potential is removed from the
private wiper 483 in response to the release of the
line switching relay R450, the cut-off relay con-
ventionally embodied in the line circuit 14 re-
stores to reconnect the line relay of this line
circuit across the conductors of the line 1. Ac-
cordingly, this line relay reoperates to complete

a locking circuit for the lockout relay conven-.

-tionally embodied in the line circuit 14. With
the line and lockout relays operated in the line

10

circuit’ 14, the line i1 is locked out of service, -

ground potential is maintained upon the private
conductor of this line to mark the line as busy,
and the ground marking path to the distributor
start conductor 21 is interrupted. Thus, the au-
‘tomatic switching apparatus utilized in setting
up the connection is fully released and the con-

nection is guarded against seizure for the dura-

.tion of the call due to the operated condition of
the line and lockout relays embodied in the line
circuit 14. It will be understood that the calling
subscribed after hanging up his receiver in order
to initiate the ringing operation in the manner

explained above, waits a reasonable time inter- o

val during which the called substation is sig-
naled and then again removes his receiver from
its supporting hook or cradle in order to ascertain
if the call has been answered. If the call has

been answered at the called substation, the de- :

sired conversational circuit is immediately estab-
lished when the calling subscriber removes his
receiver from its supporting hook, talking bat-
tery being supplied to the two substations over

the line 11 through the windings of the line relay -

embodied in the line circuit 14, ‘This line cir-
cuit is releaszd when the calling and called sub-
seribers hang up to terminate the connection.
More particularly, when the direct current paths
bridging the line if at the calling and called
substations B and C, respectively, are both inter-
rupted, the line relay embodied in the line cir-
cuit 14 is deenergized and restores to open the
locking circuit for its associated lockout relay.
When this lockout relay is deenergized and re-
stores the line circuit !4 is fully released.

Trunk call—-Three-digit trunk selection

The connector switch 25 is arranged to have
access to groups of trunks which may be se-
lected in response to either single digit or three-
digit calling operations at the various substa-
tions. The trunks in the group or groups which
are selected in response to three series of im-
pulses transmitted to the connector switch may
comprise, for example, ring-down trunks extend-
ing to one or more manual exchanges. For the
purpose of providing automatic selection of idle
trunks of these groups, each trunk of each group

is terminated in the contact field of the con-~ |

nector switching mechanism at a set of contacts
comprising the usual private contact and an ex-
tra control contact, and these private and extra
control contacts of each contact set except that
terminating the last trunk of the ‘group are
strapped together. .

In order to select an idle trunk of ‘a desired
group arranged for three-digit selection a call-
ing subscriber, such, for example, as a subscriber

25

11

nates the level of contacts at which the trunks
of the desired group are terminated, & second
digit which designates the first trunk of the
group and a third or ringing digit. The manner
in which the control apparatus of the connector

switch responds to these three digits is exactly . '

the same as described previously with reference to
the local call originating at the substation B. At
the end of the second digit the wipers 480 are
positioned in engagement with- the contacts-ter-
minating the first trunk of the group. If this
trunk is busy at the time it is thus selected,
ground potential is present upon the private con-
tact. thereof and, due to the strapping between
this contact and the extra control contact, is also
impressed upon the extra control wiper 484, At
‘the time the first trunk of the group is thus se-
lected, the relays R210, R220, R260, R300, R310,
R320, R350, R360 and R310 are all operated.-
The third or ringing digit is utilized in the
manner ‘pointed out: above to step the wipers
of the minor switch 470 to one of its off-normal
positions. Shortly following the end of the
third digit, the relay R360 restores to open the
holding circuit. for the relay R353 and to com-

. plete at RA362 the previously traced operating

45

circuit for the busy test relay R420. Assuming
that the first trunk of the selected group is
busy, the relay R420 now operates to prepare
the previously traced circuit for transmitting
busy tone_eurrent over the calling loop circuit
and to prepare its locking circuit. At RA£22,
the relay R420 opens a further point in the

-operating circuit for the relay R360. At RA423,

the relay R420 interrupts the pulsing circuit
extending to the rotary magnet 348. At RA425,
the relay R420 completes a circuit for energiz-
ing the lower winding of R440, this circuit ex-
tending by way of the grounded extra control
wiper 484, C388, RA353, C389, RA425, RA44S,
€380, the armature 349, C384 and the lower
winding of RA440 to battery. Obviously,, this
ciréuit and the operating circuit for the ‘busy
test relay R420 are not energized if the first
trunk ‘of the selected group is idle such that
negative battery potential is impressed upon the
private and extra control wipers 483 and 484,
When energized over this test circuit the relay
RA440 operates and completes a locking circuit
for itself, this locking circuit extending by way
of the grounded control conductor C{08, RA344,
C392, RA458, RA446, RAAES, C390, the armature
349, C384 and the lower winding of R448 to
battery. At RAG47, the relay R#440 completes
a circuit for energizing the rotary magnet 348
in parallel with the relay R359, this circuit ex-

" tending from ground at RA381 by way of C3176,

70

at the substation B, dials a first digit which desig- 75

RAG85T, C391, RA345, C386, RA441, C398 and
the normal post springs 325 to RA332 where it
divides, one branch extending through the
winding of the magnet 348 to battery and the
other branch extending by way of RA361 and
the winding of R358 to ‘battery. When thus
energized, the rotary magnet 348 operates to
step the wipers 480 one step in the rotary direc-
tion, thereby to select the second trunk of the
selected group. At its armature 349, the mag-
net 348 interrupts the above-traced operating
and holding circuits for the relay R4&40. The
relay R440 now restgres to open its holding cir-
cuit and the circuit for energizing the relay -
R350 and the magnet 348 in parallel,. The mag-
net 348 in releasing, recompletes the test circuit
through the lower winding of the relay RA448.
Assuming that tlhie second trunk of the selected
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group is also busy, ground potential is held on
the private and extra control wipers 483 and 484,
respectively, so that energization of the relay
R420 is maintained and the relay R440 is again
energized. The relay R440 in reoperating, per-
forms the functions described above. The in-
terrelated operation of this relay and the ro-
tary magnet 348 continues until an idle trunk
of the selected group is found or untii all of the
trunks of the selected group have been iested
and found to be in a busy condition. During
this trunk hunting operation, the relay R3%0,
due to its slow-to-release characteristic, remains
operated.

Assuming that an idle trunk in the selected
group is available, the wipers 480 are operated
step by step until the contacts terminating the
idle trunk are engaged thereby. As indicated
above, an idle trunk is identified by the presence
of battery potential upon the private and extra
control contacts in the contact set at which it
is terminated. Accordingly, when an idle trunk
is selected the lower winding of the relay R440
is short-circuited and, hence, does not reoperate.
Due to the presence of battery potential upon the
private wiper 483, the upper winding of the busy
test relay R420 is also deenergized when the idle
trunk of the selected group is found. Accord-
ingly, the relay R428 immediately restores to
reprepare the operating circuit for the line
switching relay R459. Shortly following the
release of the relay R420, the relay R350 also
restores to complete the operating ecircuit for
the relay R458. From this point on, the man-
ner in which ringing current of the selected
frequency is transmitted over the selected idle
trunk to signal the operator attending the
switchboard at which the distant end of this
trunk terminates is exactly the same as de-
scribed ‘previously with reference to the local
call originating at the substation B, Moreover,
the operation of the connector switch 25 inci-
dent to the answering of the call at the called
end of the connection and incident to the re-
lease of the connection at the calling substation
are the same as described above with reference
to the setting up and releasing of a local call
connection. .

It will be understocod from the foregoing ex-
planation that if the first trunk of the selected
group is idle the relays R428 and R440 are not
caused to operate. In such case the relay R350
is deenergizéd and restores to complete the
operating circuit for the line ‘switching relay
R458 shortly following the end of the third
digit. The relay R450 in operating initiates the
ringing operation in the manner previously
explained. :

If all of the trunks of the selected group are
busy, the wipers 480 are, through the interre-
lated operation of the relay R448 and the ro-
tary magnet 348, operated into engagement with
the contacts of the contact set terminating the
last trunk in the group. In this contact set, the
extra control contact is not wired. Hence, the
extra control wiper 484 is open-circuited when
the last trunk of the group is selected. Ac-
cordingly, the relay R440 remains in its restored
positicn and the trunk hunting operation of the
connector switch is arrested. Since ground po-
tential is, under the conditions stated, present
on the private wiper 483 the busy test relay
R420 is not deenergized and remains in its
operated position. Shortly following the selec-
tion of the last trunk, the relay R350 restores to
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complete the previously traced holding circuit
for the busy test relay R420 and fo complete,
at RA35f, the previously traced path over which
the busy tone current source is connected to the
upper side of the talking circuit extending back
to the calling subscriber’s substation. When
this path is completed the usual busy tone signal
is reproduced by the receiver provided at the
calling substation, whereby the calling sub-
scriber is informed that the connection cannot
be obtained. It will be noted that at this time
the condition of the connector switch is exactly
the same as previously described with reference
to the selection of a busy subscriber’s line. Ac-
cordingly, the manner in which this connector
switch, the preceding finder switch 280 aad the
line circuit terminating the ecalling line are re-
leased when the call is abandoned at the calling
substation will be apparent from the previous
explanation.

Trunk call—One-digit trunk selection on switch-
ing-through levels

In order to provide one-digit automatic trunk
selection on switching-through levels, the Strow-
ger switching mechanism of the connector switch
25 is equipped with normal post springs 262,
327 and 478 which are arranged respectively to
be operated into engagement in response to the
elevation of the wipers 480 to a position oppo-
site a level of bank contacts terminating trunk
groups arranged for this type of selection. In
this regard, it will be recalled from the pre-
ceding explanation that the groups of trunks
arranged for one-digit selection are terminated
in the uppermost levels of the connector switch
contact bank, whereby the enumerated normai
post springs are only moved off-normal when a
trunk in one of these groups is to be selected.

With this arrangement if a call originating at
the substation A, for example, is routed by way
of the finder switch 28 to the connector switch
25 and the calling subseriber dials a single digit
designating one of the group of trunks arranged
for one-digit selection, the indicated normal post
springs are moved into engagement immediately
the wipers 480 are elevated to a position oppo-
site the contact level terminating the desired
group of trunks. At the springs 262 the oper-
ating circuit for the switching-through relay
R240 is prepared. At the springs 418 an obvi-
ous path shunting the wiper 472 and its associ-
ated contact set is completed, thereby to prepare
the operating circuit for the relay R420. At
the normal post springs 321 a circuit is com-
pleted for energizing the lower winding of R330
in series with the lower winding of the relay
R440, this circuit extending by way of the
grounded control conductor Ci08, RA344, RA343,
the lower winding of R339, the springs 327, the
armature 349, C384 and the lower winding of
R440 to battery. The relay R449 in operating,

. brepares its holding circuit at RA445 and RA446,
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and prepares, at RA447, an automatic cut-in
circuit for energizing the rotary magnet 348.
The other circuit switching operations performed
by the relay R440 are without effect at this
time. The relay R330 in operating, prepares a
circuit for energizing its upper winding. The
purpose of this relay and the circuits controlled
thereby is described with particularity in the
following portion of the specification dealing
with restricted and unrestricted classes of
service.

Shortly following the end of the single digit
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dialed at the calling substation A, the relay
R340 restores in the manner previously explained
to complete, at RA344, the above-mentioned
holding circuit for the relay R440, this circuit
extending by way of the grounded control con-
ductor C108, RA344, €382, RA458, RA446, RA4AS,
C390, the armature 349, C384 and the lower
winding of R440 to battery. After this circuit
is completed, the relay R340 opens, at RA343
and RA384, the initially completed circuit for
energizing the lower winding of R330 in series
with the lower winding of R440. Thus, the re-

| | 13
ating circuit for the busy test relay R420. In ‘

" the event the first trunk of the selected group is

P13
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lay R330 is, in the case under consideration, .

deenergized and restores shortly following the

end of the first digit. At RA345, the relay R340 15

in releasing, completes the above-mentioned cut-
in circuit for energizing the relay R350 in par-
allel with the rotary magnet 348, this circuit ex-
tending from ground by way of RA301, C378,
RA451, C397, RA345, C386, RASAT, C398 and the
normal post springs 325 to RA332 where it di-
vides, one branch extending through the wind-
ing of the rotary magnet 348 to battery and the
other branch extending by way of RA361 and
the winding of R350 to battery. Another branch
of this ecircuit extends by way of RA372, C38,
RA423, RA422, C318 and the winding of R360
to battery. The relay R360, upon operating,

completes, at RA361, the holding circuit for the.

relay R350 and opens a point in the operating
circuit for the busy test relay R428. The relay
R35¢ in operating, short-circuits the winding of
the relay R3170; opens, at RA35i, the above-
traced path for conducting busy tone . current
to the calling loop circuit; prepares the oper-
ating circuit for the busy test relay R428 and
completes the operating circuit for the relay
R240, this latter circuit extending by way of
the grounded control conductor C{68, RA354,
C2173, the normal post springs 262 and the lower
winding of R240 to battery. When energized in
parallel - with the two relays R3%0 and R360,

the rotary magnet 348 operates to step the wip-

ers B80 into engagement with the contacts ter-
minating the first trunk of the selected group.
When its lower winding is energized over the
ahove-traced circuit, the relay R240 partially op-
erates to complete. at the “X” contacts asso-
ciated with RA246. a path for short-circuiting
its upper winding, this path extending from the
control conductor Ci108 by way of RA354, C213,
the normal post springs 262, the upper wind-
ing of R240, RA246, C278 and RAA427 back to
the control conductor C{88. The relay R240 is
of the two-step type, being so constructed that
it does not complete its operation until its two
windings are energized in series.

When the magnet 348 operates it opens, at its
armature 349, the above-traced operating circuit
for the relay R848. The relay R440 now restores,
to open, at RA&47, the cut-in circuit for ener-
gizing the rotary magnet 348 in parallel with the
two relays R350 and R380. Shortly following the
release of the relay R#448, the relay R360 restores,
to open, at RA36{, the path short-circuiting the
winding of the relay R370. As a result, the relay
R3710 is energized in series with the relay R3%0
and operates to complete its locking circuit; fol-
lowing which, it opens, at RA314, the circuit se-
rially including its own winding and the winding
of the relay R350. At RA372, the relay R3T0
opens the above-traced branch circuit for ener-
gizing the relay R360 in parallel with the relay
R350 and the rotary magnet 348. 'The relay
R360, upon restoring, further prepares the oper-
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busy such that ground potential is impressed up-
on the private wiper 483 and the extra control
wiper 484 from the trunk circuit associated with
this trunk, the previously traced operating cir-
cuit for the busy test relay R420 is completed in
response to the release of the relay R368. The
busy test relay, upon operating, recompletes the
previously traced circuit including the grounded
wiper 484 for energizing the relay R440. The
relay R440 in operating, recompletes the circuit
for energizing the relay R350 in parallel with the
rotary magnet 348, whereby the wipers 480 are
stepped a second step into engagement with the
contacts terminating the second trunk ‘of the
selected group. From this point on, the manner
in which the relay R440 interacts with the rotary
magnet 348 to step the wipers 480 successively
into engagement with the contact sets termi-
nating succeeding trunks of the selected group
until an idle trunk is found or all of the trunks
have been tested is exactly the same as described
previously with reference to three-digit trunk
selection. In the event none of the trunks of the
selected group are idle, the wipers are advanced
to engage the contacts terminating the last trunk
of the group at which time the last is tested, the
stepping operation of the wipers 480 is arrested
and busy tone current is returned over the calling-
loop circuit for reproduction by the receiver pro-
vided at the calling substation.

Assuming that an idle trunk in the selected
group is available, the trunk hunting operating
is arrested when the wipers 488 are moyved into
engagement with the contacts terminating the
conductors of the idle trunk. More specifically,

. when the wipers 483 and 484 encounter contacts
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having battery potential thereon- indicating an
idle trunk, no further circuit is available for en-
ergizing the relay R440 and this relay remains
in its restored position. In addition, the operat-
ing winding of the busy test relay R420 is short-
circuited, causing this relay to restore. Shortly
following the release of the relay R420, the relay
R350 restores, to open, at RA355 and RA3ES, the
prepared operating circuit for the busy test relay
R426 and to prepare, at RA355, the operating
circuit for the line switching relay RA480. At
RA3548, the relay R350 opens the path short-cir-
cuiting the upper winding of the relay R24@ per-
mitting the two windings of the latter relay to be
energized in series over a circuit which extends
by way of the grounded control conductor Ci68,
RAG21, C218, RA246 and the two windings of
R240 in series to battery. The relay R240 now
fully operates to complete, at RA248, & path for
short-circuiting the operating winding of the re-
lay RE50, this path extending from ground at
RA325 by way of C387, RA424, the upper winding

of RA56, RA826, C391, RA355, RA362, C2T7,

RA248, C278 and RA#27 to the grounded control
conductor C108. Thus, the line switching relay
RA50 is prevented from operating. At RA248,
the relay R240 also completes a path for im-
pressing ground potential upon the private wiper
483, this path extending by way of the grounded
control conductor C108, RA427, C278, RA248;
€217 and the normal post springs 478 to the pri-
vate wiper 483. When this path is completed,
the selected trunk line is marked as busy in the
bank contacts of the other connector switches
having access thereto and the repeater associ-
ated with this trunk line is seized in the usual
manner, '
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The relay R240 in operating, opens, at RA24T,
a further point in the above-traced operating
circuits for the release magnets 479 and 346. At
RA245, the relay R240 interrupts the operating
circuit for the hold relay R300. At its armatures
RA241 to RA244, inclusive, the relay R240 con-
nects the talking conductors C2€4 and C268 of
the trunk (60 to the conductors of the calling
line, thereby to establish a full metallic loop cir-

cuit between the calling substation and the re- :

peater associated with the selected trunk line,
In response to the extension of the calling loop
circuit to the repeater associated with the select-
ed trunk line, the line and hold relays embodied
in this repeater operate in the usual manner to
connect multiple ground potential to the private
conductor of the trunk and thus ground fhe pri-
vate wiper £83. As a result, a multiple holding
circuit is completed for the relay R240, this hold-
ing circuit extending by way of the grounded
wiper 483, the normal post springs 218, C211,
RA248, RA246 and the two windings of R240 in
series to battery. In addition, multiple ground
is impressed upon the control conductor CI108 in
response to operation of the line and hold relays
embodied in the repeater associated with the se-
lected trunk line. This multiple ground path
extends from the grounded wiper 483 by way of
the normal post springs 418, C277, RA248, C218

and RA427 to the control conductor C108. Thus, 3

the relays R210, R240 and R310 of the connector
switch 25, the finder switch 20 and the line cir-
cuit {3 are prevented from releasing until the
repeater associated with the selected trunk line
" has been released.

The relay R248 in operating, opens, at its ar-
matures RA24{ to RA244, inclusive, the loop cir-
cuit as initislly extended through the windings
of the line relays R268 and R328, causing these
two relays to restore. The relays R320 and R380
in releasing open the holding circuit for the re-
lay R310. The relay R390 in restoring, also dis-
connects multiple ground from the control con-
ductor C{68 and. interrupts the operating circuit
for the relay R220. Thus, the relays R220,
R250, R300, R310 and R320 are caused to restore
in response to the switching-through operation
of the relay R240. Following the release of these
relays no further operation of the apparatus em-
bodied in the connector switch 25 occurs until
the repeater associated with the selected trunk
line has been released.

It will be understood from the foregoing ex-
planation that if the first trunk of the selected
group Is idle, the busy test relay R420, the ro-
tary magnet 348 and the relay R368 are not fur-
ther energized after the wipers 480 are rotated
to engage the set of bank contacts terminating
this trunk. Accordingly, no trunk hunting op-
eration occurs. Shortly following the selection
of the first trunk the relays R366 and R350 se-
quentially restore, the latter functioning to open
the path short-circuiting the upper winding of
the switching-through relay R248. The relay
R240 now completes its operation to perform the
functions described above.

After the loop circuit has been extended to
the repeater associated with the selected trunk
line, the calling subscriber at the substation A
may proceed to dial the additional digits of the
directory number designating the desired sub-
station, assuming that this repeater is associated

"with a trunk extending to a distant exchange
of the automatic type. The manner in which
the connection is further extended to the de-
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sired line and the talking circuit is ultimately
established is entirely conventional and well un-
derstood in the art. When the connection is
cleared out at the calling substation A, the con-
trol apparatus of the repeater associated with
the selected trunk’ operates to disconnect the
private conductor of this trunk from ground. As
a result, ground potential is removed from the
control conductor CI108, causing the deenergiza-
tion and release of the relays R210, R240 and
R370. The relays R210 and R2408 in releasing,
complete the previously traced operating circuit
for the release magnet 346, whereby the wipers
480 of the Strowger switching mechanism are re-
stored to normal in the manner previously ex-
plained. When these wipers are restored to nor-
mal, the normal post springs 262, 327 and 478
are respectively disengaged. The removal of
ground potential from the control conductor
C108 also causes the release of the finder switch
20 and the line circuit {3 in the usual manner.

Restricted service

As pointed out previously, provisions are made
in the system for providing restricted service,
which excludes free centfral office trunk calls, to
certain subscribers of the gystem who pay a low
flat fee for service and for providing unrestricted
central office trunk service to other subscribers
who pay a higher flat fee for the service ren-
dered. In order to prevent the restricted serv-
ice subscribers from gaining access to the trunks
of certain specified groups, such, for example, as
the trunks extending to the central automatic
exchange, the connector switch 25 is provided
with normal post springs 325 and 326 which are
arranged to be operated to the off-normal posi-
tion to open the above-traced automatic cut-in
circuit when the wipers 480 are positioned oppo-~
site a level of contacts terminating trunks of a
restricted group.

Assuming that a subscriber at the restricted
substation B, after initiating a call and being
assigned the link comprising the finder switch
26 and the connector switch 25, dials the digit:
designating a group of restricted trunks, the
wipers 488 of the cennector switch are elevated
to a position opposite this group of trunks in
the exact manner previously explained. When
the wipers 488 are moved to this position the nor-
mal post springs 325 are disengaged and the
springs 326 are moved into engagement. In ad-
dition, the normal post springs 262 are engaged
to prepare the operating circuit for the relay
R240, the normal post springs 327 are engaged to
complete the previously traced circuit for ener-
gizing the lower winding of the relay R330 in
series with the lower winding of the relay R440,
and the normal post springs 418 are engaged to
prepare the previously traced control circuits.
In the case under consideration it is assumed
that the extra control contact of the contact set

- terminating the line 1! in the finder switch 20

is not wired. Accordingly, no holding circuit is
completed for the relay R330 when this relay
operates. With the normal post springs 325 dis-
engaged, the previously traced automatic cut-in
circuit for energizing the rotary magnet 348 in
parallel with the two relays R350 and R360 is
interrupted, and with the springs 326 in engage-
ment a circuit is prepared for energizing the
lower winding of the busy test relay R420 in

- series with the parallel connected windings of

the relay R350 and the rotary magnet 348.
Shortly following the end of the digit, the relay
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R340 restores, to complete, at RA344, the previ-
ously traced locking circuit for the relay R440.
At RA343 and RA344, the relay R340 opens the
circuit for energizing the lower winding of the
relay R330, causing the latter relay to restore.
At RA345 and RA332, the relays R340 and R330
complete the above-mentioned circuit for ener-
gizing the busy test relay RA420. This circuit
extends from ground by way of RA301, C316,
RA451, C397, RA345, C396, the lower winding

of R420, C395, RA3I4 and the normal post’

springs 326 to RA332 where it Jivides, one branch
extending through the winding of the magnet
348 to battery and the other branch extending by
way of RA361 and the winding of R350 to bat-
tery. Due to the relatively high resistance of the
lower winding of the busy test relay R420, the
" rotary magnet 348 and the relay R350 are insuffi-
ciently energized to operate when this circuit is
completed. The busy test relay R420, however,
operates to complete, at RA421, the previously
traced locking circuit for itself. At RAA422 and
RA#23, the relay R420 opens the pulsing circuits
to the rotary magnet 348 and the operating mag-
net 814 of the minor switch 470, At RA424 and
RAA426, the relay R420 opens two points in the pre-
viously traced operating circuit for the line switch-~
ing relay R450. At RAA428, the relay R420 pre-
pares the operating circuit. for the relay R200.
At RA421, the relay R420 completes ‘the previ-
ously traced path for connecting the busy tone
current source to the talking conductors of the
established connection extending back to the
calling substation B, whereby the usual busy
- tone signal is reproduced by the receiver pro-
vided at this substation to inform the calling
subscriber that the connection cannot be ob-
tained. 'The manner in which the connection is
released when the call is abandoned at the call-
ing substation will be apparent in view of the
preceding explanation.

In the event the above-described call intended
for a trunk of .a restricted group originates at a
substation arranged for unrestricted service, the
relay R320 is caused to restore during the dial-
ing of the trunk selecting digit at the calling
substation, whereby the relay R318 is released
to provide a path in shunt with the normal post
springs 325. As a consequence, the automatic
cut-in of the wipers 880 followed by the trunk
hunting operation previously described proceeds
in the exact manner explained above. Thus, the
substation A, which is arranged for unrestricted
service, is provided with a calling device compris-
ing an extra pair of shunt springs 28 which are
arranged to connect the positive %ide of the line
§8 to ground when the dial of the calling device
is moved.off-normal. With this arrangement if
a call intended for extension over a restricted
trunk originates at the substation A and is
routed by way of the link comprising the finder
switch 20 and the connector switch 25, the call-
ing subscriber upon dialing the digit designat-
ing the desired group of trunks completes a path
for short-circuiting the winding of the relay
R320 immediately the dialing operation is started.
This .path may be traced as extending from
ground by way of the shunt springs 28, the
positive conductor C102 of the line 10, the posi-
tive line wiper of the finder switch 20, CI06,
RA202, RA284, RA252, C267, the winding of
R320, the off-normal springs 324, RA3&! and
the secondary winding of the transformer 368 to
ground. When thus short-circuited, the relay
R320 restores, to open, at RA321, the prepared
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holding - circuit for the relay R316. When
thereafter the wipers 480 of the connector switch
are elevated one step in the vertical direction,
the off-normal springs 306 are disengaged to in-
terrupt the operating circuit for the relay R310.
The relay R310 now restores, to open, at RA3I4,
a-point in the above-traced circuit for energiz-
ing the lower winding of the busy test relay
RA420 in series with the multiple connected wind-
ings of the rotary magnet 348 and the relay
R350, thereby to prevernt the busy test relay R420
from operating when the relay R340 releases
shortly following the end of the digit. At
RA313, the relay R310 completes an obvious
path in shunt with the normal post springs 325.
Witk this branch path completed the automatic
cut-in.circuit for energizing the relay R360, the
relay R350 and the rotary magnet 348 in multiple
is completed shortly following the end of the first
digit and in response to the release of the relay
R340. This circuit now extends from ground at
RA301 by way of C376, RA4ST, C397, RA345,
396, RAJ4T and C398 to RA3I3 where it divides,
one branch extending through the winding of
the magnet 348 to battery, the second branch ex-
tending by way of RA361 and the winding of
R350 to battery and the third branch extending

by way of RA312, C381, RA423, RA422, C318 and

the winding of R360 to battery. These three
circuit controlling devices operate to perform the
functions previously described, among which is
the operation of the wipers 480 into engagement
with the first contact set of the selected level
through operation of the rotary magnet 348.
From this point on the manner in which the
automatic trunk hunting proceeds, the connec-
tion is ultimately established and the operated
switch train is released are exactly the same ‘as
described previously. .

From the above explanation it will be appar-
ent that the relay R310 is caused to restore in
response to the dialing of a first digit at any
calling substation connected with the connector
switch 25 and arranged for unrestricted central
office trunk service, regardless of the character.
of the digit. In the operation of the connector
switch 25 to set up a local call connection or a
connection involving an unrestricted trunk, how-
ever, the release of the relay R3i8 is without
effect.

It is desirable to arrange the switching equip-
ment so that certain lines, such, for example,
as the incoming trunks from a distant automatic
exchange, have access only to the subscribers’
lines terminating in the bank contacts of the
finder-connector link illustrated and the other
similar links. It may also be desirable to re-
strict certain of the local lines terminating at
these links or certain of the substations on such
local links from all trunk calls. For example,
it may be desirable to restrict the substation B
and other substations associated with the line
1{ so that only local call connections can be
completed therefrom without the assistance -of
an operator. As explained previously, the extra
control contact terminating the conductor CI69
of the line {1 is, for this purpose, connected to
the negative terminal of the exchange battery
through a resistor 29. With the line circuit 14
arranged in this manner, if a one-digit trunk
call is initiated on the line i1 and extended to
the connector switch 25 through the finder switch
20 and the single digit designating the desired
group of trunks is dialed at the calling substa-
tion, the wipers 480 of the Strowger switching
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mechanism are. elevated to a position opposite.

the level of bank contacts terminating the desired
group of trunks in the manner previously de-
scribed. When the wipers 480 are moved to this
position, the normal post springs 262, 327 and
478 are respectively operated into engagement.
At the springs 321, the previously traced circuit
is completed for energizing the lower winding of
the relay R330 in series with the lower winding
of the relay RA4). The rclay R330 in operat-
ing, completes a holding circuit for itself, this
circuit extending from ground through the up-
per winding of R33% and by way of RA331, CI01,
the extra contrel wiper of the finder switch 20,
Ci08 and the resistor 29 to battery. When this
circuit is completed the relay R330 is held op-
erated until the finder switch 20 is released. At
RA332, the relay R330 in operating, opens the
previously traced automatic cut-in circuit- for
energizing the rotary magnet 348 in parallel with
the two relays R350 and R360 and prepares an
alternative circuit for energizing the lower wind-
ing of the busy test relay R420 in series with the
paraliel connected windings of the magnet 348
and the relay R358. This latter circuit is com-
pleted shortly following the end of the digit when
the relay R348 restores and extends from ground
by way of RA30f, C376, RA45T, C391, RA34S,
C386, the lower winding of R420, C395 and RA34

to RA332 where it divides, one branch extending .

through the winding of the magnet 348 to bat-
tery and the other branch extending by way of
RA36! and the winding of R350 to battery. As
indicated above, the magnet 348 and the relay

R350 do not operate when energized in series .

with the lower winding of the busy test relay
R420. The busy test relay, however, operates
to perform the functions previously described,
among which is the transmission of the usual
busy tone signal to the calling substation. The
manner in which the two operated switches 20
and 25 are released when the call is abandoned
at the calling substation will be clearly appar-
ent from the preceding explanation, it being
pointed out that the relay R330 is deenergized
and restores during the release of the finder
switch 20 when the extra control conductor C109
is disconnected from the conductor CI07 to in-
terrupt the helding circuit for this relay.

If the above-described ftrunk call initiated on
the subscriber’s line I is initiated at a substa-
tion, such, for example as the substation C ar-
ranged for unrestricted trunk call service, the
line reldy R320 is short-circuited during the dial-
ing of the trunk selecting digit through opera-
tion of the extra shunt springs 3! to ground the
positive line conductor CI184 of the line 1. 'The
relay R328 in- releasing, opens the holding cir-
cuit for the relay R310 so that when the wipers
480 are elevated one step in the vertical direc-
tion to cause disengagement of the off-normal
springs 386 the relay R3(0 is deenergized and
restores. This relay in releasing, opens, at RA3(4,
the above-traced circuit for energizing the low-
er winding of the busy test relay R&20 in series
with the parallel connected windings of the ro-
tary magnet 348 and the relay R358, and com-
pletes, at RA313, the path in shur.; with the
break contacts controlled by the armature RA332
of the relay R338. With this path completed,
operation of the relay R330 is without effect to
open the automatic cut-in circuit and thus pre-
vent the connector switch 25 from seizing an
idle one of the trunk lines of the selected group
in the manner previously explained.

[Va ]
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Release on permanents -

As indicated previously, provisions are made in
the connector switch 25 for forcibly releasing
this switch and the preceding finder switch 20
in the event it is seized over a line having a per-
manent calling condition thereon or over a line
having a call initiated thereon and the calling
subscriber fails to complete dialing; fails to re-
ceive an answer from the called substation and
to abandon the call; fails to release the con-
nection after the called subscriber has discon-
nected; fails to abandon the connection after re-
ceiving a busy tone signal; and in the case of
reverting calls, fails to receive an answer with-
in a spccified period or to release the connec-
tion by establishing an answering loop circuit
over the line involved. These provisions include
the usual time cut-off and time pulse generating
apparatus, which is common to the several links,
and a link release relay R230. More specifical-
ly, the time cut-off and time pulse generating ap-
paratus is arranged to be started in operation
in response to the application of ground poten-
tial to the timer start conductor C2071. ‘This
apparatus functions periodically to impress
ground pulses upon the time pulse lead C257 and
normally maintains ground potential upon the
time cut-off lead C235. A predetermined time
interval afier each ground pulse is applied to
the time pulse lead C257, the apparatus func--
tions in a well-known manner to disconnect
ground from the time cut-off lead C235 for a
predetermined period which is in excess of that
required for any operated connector switch fully
to release.

From the foregoing explanation it will be re-
called that when the finder switch 20 and the
connector switch 25 are seized over a calling line,
the relay R210 operates to prepare the operating
circuit for the link release relay R230 and the
relay R220 operates to impress ground potential
upon the timer start lead C201, thereby to initiate
operation of the time cut-off and time pulse
generating equipment in the event this apparatus

5 is not already operating. If the desired connec-

tion is fully established between the calling sub-
station and the called substation before a ground
pulse is impressed upon the time pulse lead C2517,
the back bridge relay R250 is operated, to open, at
R.A255 and RA256, the operating and holding cir-
cuits for the link release relay R238. According-
ly, the link release relay is rendered ineffective
forcibly to release the connection. Moreover, if
the connector switch 25 is seized over a calling
line, such, for example, as the line 10, which is
arranged for unrestricted serviece, the link release
relay is rendered ineffective forcibly to release
the operated switch train. In this case the time
cut-off and time pulse generating apparatus,
upon operating to impress ground potential upon
the time pulse lead C257, completes an obvious
circuit for energizing the upper winding of the
link release relay R230. This relay in operating,
completes a path for short-circuiting its lower
winding, which path extends by way of the
grounded extra control conductor Ctf 1, the extra
control wiper of the operated finder switch 26, the
conductor Ci07, RA33t, C214, RA234, RA256 and
the lower winding of R230 back to ground. At
RA231 and RA232, the relay R238 provides a sub-
stitute holding ground on the conductors C27Tt
and CI108, which substitute ground is derived
from the grounded time cut-off lead (235.
When, however, the ground pulse impressed on
the time pulse lead C257 is terminated, the link
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release relay R230 is deenergized and restores
due to the short-circuited condition of its lower
winding. Accordingly, ground as derived from
the back contact associated with RA232 is again
connected to the conductors C271 and Ci08 in
lieu of the ground connection to the time cut-off
lead C235. Thus, when the connector switch 25
is seized over a line arranged for unrestricted
service the link release relay R230 periodically
operates, but its operation is without effect. '
In the event the connector switch 25 is seized
over a line arranged for restricted service, the
ground connection to the extra control conductor
C107 is not established when the finder switch
20 operates to seize the calling line. Accordingly,
if a ground pulse is applied to the time pulse lead
C251 following seizure of the connector switch 25,
thereby to cause the operation of the link release
relay R230, this relay completes a locking circuit
for itself which extends from the negative ter-
minal of the exchange battery by way of the re-
sistor 216, RA213, RA223, RA234, RA256 and the
lower winding of R230 to ground. At RA231 and
RA232, the relay R230 connects the conductors
Ci08 and C271 to ground over a path including
the time cut-off lead C235. In the event the back
pridge relay R250, which is energized in response
to operation of the ring cut-off relay R410 when
the call is answered, operates before the time
cut-off lead C235 is disconnected from ground
following operation of the link release relay R230,
the link release relay is caused to restore and the
connection is not released. More specifically, the
relay R250 in operating, opens, at RA256, the
above-traced holding circuit for the relay R230,
causing the latter relay to release and again con-
nect the conductors C{08 and C211 to ground at
RA232 and its associated back contact.
In the event the link release relay R230 is held
operated for the predetermined time interval
_which elapses between the application of ground
to the time pulse lead C257 and the removal of
ground potential from the time cut-off lead C23%,
the operated switch train comprising the finder
switch 20 and the connector switch 25 is re-
leased. More specifically, when the time cut-off
lead C235 is disconnected from ground the finder
switch 20 is caused to release in the usual man-
ner and ground potential is disconnected from
the private conductor individual to the calling
line. When the release conductor C108 is thus
disconnected from ground the cut-off relay em-
bodied in the line circuit associated with the call-
ing line is deenergized and restores to again con-

nect the windings of the associated line relay.

across the conductors of the calling line in series
with the exchange battery, whereby this line re-
lay is energized over the 1loop circuit established
by way of the calling line. The line relay asso-
ciated with the calling line now reoperates to
complete a holding circuit for its associated line
lockout relay. With the line and lockout relays
of the line circuit associated with the calling
line operated, this line is marked as busy in the
bank contacts of the connector switches having
access thereto and the path individual to the line
for connecting the distributor start conductor 21
to ground is held open. Since these line circuit
operations are well understood in the art they
will be apparent without jllustration or further
‘explanation. During the release of the finder
switch 20 the cut-through relay conventionally
embodied therein restores to open the loop cir-
cuit extending through the windings of the line
relays R260 and R320, Thus, the relays R260,
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R300, R310, R320, R220 and R340, if operated, are
deenergized and restore. The removal of ground
potential from the control conductor C108 also
results in the ‘deenergization and release of the
relay R210 and the deenergization and release
of any operated ones of the relays R310, R420,
R430 and R440 in an obvious manner. The re-
lease of the hold relay R300 also results in the
deenergization and release of any operated ones
of the relays R410, R400 and R450 in an obvious
manner. When the relay R210 restores, the re-
lease magnets 475 and 346 are sequentially ener- ?
gized in the manner previously explained, where-
by the wipers of the minor switch 470 and the
wipers 480 of the Strowger switching mechanism
are restored to normal. - Thus, the finder switch
20 and the connector switch 25 are fully released.
The.line circuit associated with the calling line
which has been locked out of service is held oper-
ated until the calling condition present on the
line is terminated. More particularly, when the
loop circuit established by way of this line is in-
terrupted, the line and lockout relays embodied
in the associated line circuit are caused sequen-
tially to release in the usual manner, whereby the
line is marked as idle and incoming or outgoing
calls may be routed thereover.

It will be apparent from the above explanation
that if a connection is established by way of the
finder switch 20 and the connector switch 25, the
link release relay is, due to the operated posi-
tion occupied by the back bridge relay R250,
rendered inactive so long as the connection is
not released at the called end thereof. When,
however, the called subscriber hangs up to cause
the deenergization and release of the relay R250,
the operating and locking circuits for the link re-
lease relay R230 are again prepared. Hence, if
the calling subscriber fails to hang up within a
reasonable time interval, the link release relay in
cooperation with the associated time cut-off and
time pulse generating apparatus functions to
initiate the release of the operated switches 20
and 25 and to cause the calling line to be locked
out of service, all in the manner described above.

From the foregoing explanation with reference
to reverting calls routed by way of the connector
switch 25 it will be recalled that when this con-
nector switch is engaged in setting up a reverting
call connection, the relays R200, R210, RA450,
RA430 and possibly R440 are operated after the
calling subscriber hangs up to initiate the ring-
ing operation. It will also be recalled that when
the calling subscriber hangs up to initiate the
ringing operation the relays R220, R260, RrR300,
R310 ang R320 are restored. In this case, if the
link release relay R230 is energized by a ground
pulse transmitted over the time pulse lead C257
while the ringing operation is in progress, it oper-
ates to complete a locking circuit for itself which
extends from the negative terminal of the ex-
change battery by way of the resistor 216, RA21(3,
C215, RA459, C214, RA234, RA256 and the lower
winding of R230 to ground. It will be noted that
this locking circuit is only completed if the call
originates at a substation arranged for restricted
local call service, since otherwise the lower wind-
ing of the relay R230 is shortcircuited over the
previously traced path extending to ground at
the extra control wiper of the finder switch 20.
Following the operation of the link release relay,
if the time cut-off lead C2335 is disconnected from
ground before the finder switch 20 and the con-
nector switch 25 are released in response to the
answering of the call at the called substation or
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the recompletion of a loop circuit over the calling
line at the calling substation, the finder switch
20 and the connector switch 25 and the line cir-
cult associated with the calling line are all re-
leased in a manner which will be apparent from
the previous explanation.

While there has been described what is at pres-
ent considered to be the preferred embodiment of
the invention, it will be understood that various
modifications may be made therein, and it is con-
templated 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, & plurality of lines

including a multiparty subscriber’s line, sub-
scriber controlled automatic switching apparatus
for setting up connections between sald lines,
and subscriber controlled means for automati-
cally controlling said automatic switching appa-
ratus to glve service of one class to one of the
subscribers served by said multiparty line and
service of g different class to another of the sub-
scribers served by saild multiparty line.

2, In a telephone system, a plurality of lines
including a multiparty subscriber’s line and a
group of trunk lines, automatic switching appa-
ratus for setting up connections between sald
lines, and subscriber controlled service restrict-
ing apparatus for dividing the subscribers served
by said multiparty line into two classes and in-
cluding means automatically operative incident
to the extension of connections from said multi-
party line through said automatic switching ap-
paratus for preventing the subscribers of one
class from obtaining access to said trunk lines
through said automatic switching apparatus.

3. In a telephone system, a plurality of lines
including a multiparty subscriber’s line having
at least two substations assoclated therewith,
calling emparatus of one character provided at
one of sald substations, calling apparatus of a
different character provided at the other of said
substations, and automatic switching apparatus
for setting up connections between said lines, said
automatic switching apparatus comprising means
automatically controlled over sald multiparty
line in accordance with the character of the call-
ing apparatus respectively provided at said sub-
stations for giving service of one class to one of
said substations and service of a different class
to the other of said substations.

4. In a telephone system, a plurality of lines
including a group of trunk lines and a multiparty
subscriber’s line having at least two substations
associated therewith, calling apparatus of one
character provided at one of said substations,
calling apparatus of a different character pro-
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vided at the other of said substations, and auto-

. matic switching apparatus for setting up connec-
tlons between said lines, sald automatic switch-
ing apparatus comprising means automatically
controlled over said multiparty line in accordance
with the character of the calling apparatus re-
spectively provided at said substations for giving
one of said substations access to said trunk lines

and for preventing the other of sald substations .

from obtaining access to said trunk lines.

5. In a telephone system, a plurality of lines
including a group of trunk lines and a multiparty
subscriber’s line having a plurality of substa-
tions associated therewith, and automatic switch-
ing apparatus for setting up connections between
said lines, said automatic switching apparatus
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tive to prevent connections from being set up
between said subscriber’s line and said trunk
lines, and means controllable from at least one
but not all of said substations for automatically
rendering said call blocking means ineffective to
block the setting up of connections between saia
subscriber’s line and said trunk lines.

6. In a telephone system, a plurality of lines
including a group of trunk lines and a multi-
party subscriber’s line having a plurality of sub~
statlons associated therewith, at least one of
sald substations being provided with a calling
device operative to impress a predetermined po-
tential upon one side of said subscriber’s line,
and automatic switching apparatus for setting
up connections between said lines, said automatic
switching apparatus including call blocking
means normally operative to prevent connections
from being set up between said subscriber’s line
and said trunk lines, and means operative in re-
sponse to the application of said predetermined
potential to said one side of said subscriber’s
line for rendering said call blocking means inef-
fective to block the setting up of a connection
between said subscriber’s line a.nd one of said
trunk lines.

7. In a telephone system, a plurality of lines
including a group of trunk lines and a multiparty
subscriber’s line having a plurality of substations
associated therewith, at least one of said sub-
stations being provided with a calling device
operative to ground one side of said subscriber’s
line, and automatic switching apparatus for set-
ting up connections between said lines, said au-
tomatic switching apparatus including call block-
ing means normally operative to prevent con-

.nections from being set up between said sub-

scriber’s line and said trunk lines, and means
operative in response to the grounding of said
one side of sald subscriber’s line for rendering’
said call blocking means ineffective to block the
setting up of a connection between said sub-
scriber’s line and one of said trunk lines.

8. In a telephone system, a plurality of lines
including a group of trunk lines and a multiparty
subscriber’s line having a plurality of substa-
tions associated therewith, automatic switching
apparatus for setting up connections between
said lines and including a trunk hunting line
selecting switch having access to said group of

trunk lines, said line selecting switch comprising

an automatic cut-in circuit including means
for initiating the trunk hunting operation of
said switch when said circuit is completed,
switching means operative to open said circuit in
response to operation of said line selecting switch
to select said group of trunk lines, thereby to
prevent said line selecting switch from selecting
an idle one of said trunk lines, and means con-
trollable over said subscriber’s line from at least
a portion of said substations for completing said
circuit independently of said switching means.
9. In a telephone system, a plurality of lines
including a group of trunk lines and a multiparty
subscriber’s line having a plurality of substa-
tions associated therewith, automatic switching

. apparatus for setting up connections between
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including call blocking means normally opera- 75_

said lines and including a trunk hunting line se-
lecting switch having access to said group of
trunk lines, said line selecting switch comprising
an automatic cut-in circuit having two branches
and including means operative to initiate the
trunk hunting operation of said switch when said
circuit is completed, a pair of line relays con-
nected to be energized in geries over a connection
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routed from said subscriber’s line to said line
selecting switch, a control relay operative to open
one of the branches of said cut-in circuit in re-
sponse to seizure of said switch and released
under the control of one of said line relays,
switching means operative to open the other
branch of said cut-in circuit in response to op-
eration of said switch to select said group of
trunk lines, whereby said switch is prevented
from selecting an idle one of said trunk lines
when both said control relay and said switching
meang are operated, and means individually as-
scciated with at least a portion of said substa-
tions for short-circuiting said one line’ relay,
thereby to cause the sequential release of said
one line relay and said control relay and the
completion of said cut-in circuit.
~10. In a telephone system, a plurality of lines
including a group of trunk lines and a multiparty
subscriber’s line having a plurality of substa-
. tions associated therewith, automatic switching
apparatus for setting up connections between
said lines and including a trunk hunting line
selecting switch having access to said group of
trunk lines, said line selecting switch comprising
an automatic cut-in circuit having two branches
and including means operative to initiate the
trunk hunting operation of said switch when said
circuit is completed, a pair of line relays con-
nected to be energized in series over a connection
routed from said subscriber’s line to said line
selecting switch, a control relay operative to open
one of the branches of said cut-in circuit in
response to seizure of said switch and released
" under the comtrol of one of said line relays,
switching means operative to open the other
branch of said cut-in circuit in response to op-
eration of said switch to select said group of
trunk lines, whereby said switch is prevented
from selecting an idle one of said trunk lines
when both said control relay and said switching
means are operated, and a calling device pro-
vided at one of said substations and operative to
ground one side of said subscriber’s line, where-
by said one line relay is short-circuited and re-
leases to cause the release of said control relay
and the completion of said cut-in circuit.

11. In a telephone system, a plurality of sub-
scribers’ lines each having at least one substation
associated therewith, a group of trunk lines, and
impulse responsive automatic switching appara-
tus for setting up connections between said lines,
at least a portion of said substations including
impulse transmitting devices for directively con-
trolling said automatic switching apparatus and
each comprising means for impressing a pre-
determined potential upon one side of the asso-
ciated line during operation thereof, said auto-
matic switching apparatus including call block-
ing means normally operative to prevent connec-
tions from being set up between said subscribers’
lines and said trunk lines, and means responsive
to the application of said predetermined poten-
tial to said one side of a calling one of said lines
for rendering said call blocking means ineffective
to block the setting up of a connection between
said calling line and one of said trunk lines.

12. In a telephone system, a plurality of sub-
scribers’ lines each having at least one substation
associated therewith, a group of trunk lines, and
impulse responsive automatic switching appara-
tus for setting up connections between said lines,
at least a portion of said substations including
impulse transmitting devices for directively con-
trolling said automatic switching apparatus and
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each comprising means for grounding one side of
the associated line during operation thereof, said
automatic switching apparatus including call
blocking means normally operative to prevent
connections from being set up between said sub-
seribers’ lines and said trunk lines, and mcans
responsive to the grounding of said one side of a
calling one of said lines for rendering said call
blocking means ineffective to block the setting up
of a connection between said calling line and cne
of said trunk lines.

13. In a telephone system, a plurality of sub-
scribers’ lines each having at least one substation
associated therewith, a group of trunk lines,
automatic switching apparatus for setting up
connections between said lines and including &
trunk hunting line selecting switch having access

‘to said group of trunk lines, said line selecting

switch comprising an automatic cut-in circuit in-
cluding means for initiating the trunk hunting
operation of said switch when said circuit is
completed, switching means operative to open
said circuit in response to operation of said
switch to select said group of trunk lines, and
means including additional switching means in-
dividually provided at certain of said substations
for completing said circuit independently of said
first-named switching means.

14. In a telephone system, a plurality of sub-
scribers’ lines each having at least one substation
associated therewith, a group of trunk lines,
automatic switching apparatus for setting up
connections between said lines and including a
trunk hunting line selecting switch having access
to said group of trunk lines, said line selecting
switch  comprising an automatic cut-in circuit
having two branches and including means oper-
ative to initiate the trunk hunting operation of
said switch when said circuit is completed, a pair
of line relays connected to be energized in series
over a connection routed from a calling one of
said subscribers’ lines to said switch, a control
relay operative to open one branch of said' circuit
in response to seizure of said switch and released
under the control of one of said line relays,
switching means operative to open the other
branch of said cut-in circuit in response to oper-
ation of said switch to select said group of trunk
lines, whereby said switch is prevented from
selecting an idle one of said trunk lines when
both said switching means and said control relay
are operated, and means comprising additional
switching means individually provided at certain
of said substations for short-circuiting said one
line relay, thereby to cause the release of said
control relay and the completion of said cut-in
circuit.

15. In a telephone system, a plurality of sub-
scribers’ lines each having at least one substation
associated therewith, a group of trunk lines,
automatic switching apparatus for setting up
connections between said lines and including a
trunk hunting line selecting switch having access
to said trunk lines, each of said substations in-
cluding a calling device for directively controlling
said automatic switching apparatus, said line
selecting switch comprising an automatic cut-in
circuit having two branches and including means
operative to initiate the trunk hunting operation
of said switch when said circuit is completed, a
pair of line relays connected to be energized in
series over a connection routed from g calling one
of said subscriber’s line to said switch, a control
relay operative to open one branch of said circuit
in response to seizure of said switch and con-
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nected to be deenergized in response to release of
one of said line relays, switching means operative
to open the other branch of said cut-in circuit in
response to operation of said switch to select said
group of trunk lines, whereby said switch is pre-
vented from selecting an idle one of said trunk
lines when both said switching means and said
control relay are operated, and means individu-
ally controlled by the calling devices provided at
certain of said substations for short-circuiting
said one line relay, thereby to cause the release of
said one line relay and said control relay and the
completion of said cut-in circuit.

16. In a telephone system, a plurality of sub-
scribers’ lines including a multiparty line having
a plurality of substations associated therewith,
automatic switching apparatus for setting up a
connection between two of said lines and includ-
ing a final selector operative to transmit ringing

current over said multiparty line in setting up a -

reverting call connection between two of said
substations, means responsive to a call answer-
ing operation performed at either of said two
substations for releasing said selector, and
means for automatically releasing said selector
in the event said selector is not released from
one of said two substations within a predeter-
mined time interval after the selector is seized.

17. In a telephone system, a plurality of sub-
scribers’ lines including a multiparty line having
a plurality of substations associated therewith,
automatic switching apparatus for setting up a
connection between two of said lines and includ-
ing & final selector operative to transmit ringing
current over said multiparty line in setting up
a reverting call connection between two of said
substations, means responsive to a call answering
operation performed at either of said two sub-
stations for releasing said selector, and means
for automatically releasing said selector in the
event a call answering circuit including said mul-
tiparty line is not established within a prede-
termined time interval after the selector is seized.

18. In & telephone system, a plurality of sub-
scribers’ lines including a multiparty line having
a plurality of substations associated therewith,
automatic switching apparatus for setting up a
connection between two of said lines and includ-
ing a final selector operative to transmit ringing
current over said multiparty line in setting up a
reverting call connection between two of said

substations, means at each of said substations

for establishing a call answering circuit includ-
ing said multiparty line, said selector including
release means operative in response to the com-
pletion of a call answering circuit including said
multiparty line, and means including said release
means for automatically releasing said selector
in the event a call answering circuit including
said multiparty line is not established within
a predetermined time interval after the selector
is seized. ’ ' :

19. In a telephone system, a plurality of lines
divided into two groups arranged for different
classes of service, automatic switching apparatus
for setting up connections between said lines,
timing means for automatically releasing con-
nections involving calling lines included in one
of said groups after a predetermined time inter-
val, and means associated with the lines in the
other group for rendering said timing means
ineffective to release connections involving call-
ing ones thereof.

20. In a telephone system, a plurality of lines
divided into two groups arranged for different
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classes of service, &utomatic switching apparatus
for setting up connections between sald lines,
timing means for automatically releasing con-
nections involving calling lines included in one
of said groups after such connections have been
established for a predetermined time interval,
and means individual to the lines in the other
group for preventing the operation of said timing
means.

21. In a telephone system, a plurality of lines
divided into two groups arranged for different
classes of service, automatic switching apparatus
including directively controllable final selectors
for setting up connections between said lines,
each of said final selectors including timing

" means for automatically releasing a connection

routed therethrough from a calling line in one
of said groups a predetermined time interval
after the connection is established, and means
associated with the lines in the other group for
preventing said last-named means from oper-
ating.

22, In a telephone system, a plurality of lines
divided into two groups arranged for different
classes of service, automatic switching apparatus
including directively controllable final selectors
for setting up connections between said lines,
each of said final selectors including a timing de-
vice for automatically releasing a connection
routed therethrough a predetermined time in-
terval after the connection is established, each
of said timing devices including a start timing
relay, and means individually associated with the
lines in one of sald groups for preventing said
start timing relays from operating, thereby to
render said timing devices inactive.

23. In a telephone system, a plurality of lines
divided into*jwo groups arranged for different
classes of service, a finder-connector link for set-
ting up connections between said lines, said link
including a timing device operative to release
8, connection routed through said link a prede-
termined time interval after the connection is
established, said timing device including a start
timing relay, and means individually associated
with the lines in one of said groups for controi-
ling said start timing relay through the finder
portion of said link to prevent the operation of
said timing device.

24. In a telephone system, a plurality of lines
divided into two groups arranged for different

- classes of service, a finder-connector link for set-

ting up connections between said lines, said link
including a timing device operative to release a
connection routed through said link a predeter-
mined time interval after the connection is es~
tablished, said timing device including a start
timing relay, and means individually associated
with the lines in one of said groups for short-
circuiting said start timing relay over a path
extending through said finder switch, thereby to
prevent said timing device from operating.

25. In a telephone system, a plurality of lines
divided into two groups arranged for different
classes of service, automatic switching apparatus
for setting up connections between said lines,
first timing means for automatically releasing
partially completed connections after the elapse
of a predetermined time interval, second timing
means for releasing fully completed connections
after they have been completed for a predeter-
mined time interval, and means associated with
the lines in one of said groups for preventing said
first and second timing means from effecting re-
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lease of partially or fully completed connections
routed through said switching apparatus.

26. In a telephone system, o, plurality of lines
divided into two groups arranged for different
classes of service, automatic switching apparatus
for setting up connections between said lines,
first’ timing ‘means fof automatically releasing
partially completed connections after the elapse
of a predetermined time interval, second timing
means for releasing fully completed connections
after they have been completed for a predeter-
mined time interval, and means individually as-
sociated with the lines in one of said groups for
preventing said first and second timing means
from effecting release of partially or fully com-
pleted connections routed through said switching
apparatus from calling lines in said one group.

. 97. In a telephone system, a plurality of lines
divided into two groups arranged for different
classes of service, a finder-connector link for
setting up connections
link including a link release relay operative .to
initiate the release of said link in the evenf 2
connection routed to said 1ink is not fully com-
pleted within a predetermined time interval after

between said lines, said
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said link is seized, and & timing device operative

to release a connection routed through said link
a predetermined time-interval after the connec-
tion is established, said timing device including
4 start timing relay, and means individually as-
sociated with the lines in one of said groups for
controlling said relays through the finder por-
tion of said link to prevent said link from being
released under the control of said timing device
or said link release relay. :

98. In & telephone system which includes re-
stricted and non-restricted lines and & group of

" trunks, a line selecting switch having access to

said trunks and including trunk hunting facili-
ties, an automatic cut-in circuit including means
for initiating the trunk hunting operation of
said switch when said circult is completed, serv-
jce restricting means operative to open said cir-
cuit in response to & predetermined trunk group
selecting operation of said switch, thereby to pre-
vent said restricted lines from obtaining access
to said trunks, and means controllable over the
trunk line incoming to said switch for
said circuit - independently of said switching
means, thereby to permit said non-restricted
lines to obtain access to said trunks. ,

9g. A line selecting switch having trunk hunt-~
ing facilities and comprising an automatic cut-
in circuit having two branches and including
means operative to initiate the trunk hunting op-
eration of said switch when said circuit is com-
pleted, & pair of line relays connected to be en-

30

35

40

_setting up connections between

21
ergized over the respective talking conductors of
the trunk line incoming to said switch, a control
relay operative to open one of the branches of
said cut-in circuit in response to seizure of said
switch and deenergized under the control of one
of said line relays, switching means operative to
open the other branch of said cut-in circuit in
response to a predetermined trunk group select-
ing operation of said switch, whereby said swiich
is prevented from trunk hunting when both said
switching means and said control relay are oper-
ated, and means for controlling said one line re-
lay over one of said talking conductors to de-~
energize said control relay and thus complete
said cut-in circuib. , '

30. In a telephone system, 2 pair of lines,
means including a link for setting up & connec-
tion between said lines, said link including an
automatic switch having 'access to one of said
lines, a timer operative to cause the release of
said link when held over & line having a sus-
tained calling condition thereon, a conversation
timer also operative to cause the release of said
link, a marking path individual to said one line
and extending to one of the outlet contacts of
said switch, -and means controlled over said
marking path for preventing either of said timers
from operating to cause the release of said link.

-31. In a telephone system, a subscriber’s line,
3 plurality of trunks, means including @ link for
i said line and said
trunks, said link including an automatic switch
having access to said line, timing means opera-
tive to cause the release of a connection routed
to said link, a marking path extending to one of
the outlet contacts of said switch, means con- -
trolled over sazid path for permitting said line to
gain access to said trunks through said link, and
additional means controlled over said path for
rendering said timing means ineffective to re-
lease a connection routed from said line to said
link.

392. Tn a telephone system which comprises a

" plurality of lines including 2 multiparty sub-
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scriber’s - line, subscriber controlled automatic
switching apparatus for setting up connections
between sald lines and including means con-
trolled over said multiparty line incident to the
operation of said automatic switching apparatus
to extend connections from said multiparty line’
for automatically controlling said switching ap-
paratus to give service of one class to one of the
subscribers served by said multiparty line and
service of a different class to another of the
subscribers served by said multiparty line.
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