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1

This invention relates in general to telephone
systems and, more particularly, to automatic
switches used in setting up cohnections to var-
ious individual telephones in the system and also
for setting up connections by way of an idle trunk
of a group of trunk lines terminating in private
branch exchanges.

In telephone systems wherein private branch
exchanges are served by a number of lines ex-
tending to each branch exchange, it is the usual
practice so to design the final connecting switch
of the system that this switch has facilities for
making connections to both individual telephone
lines and to an idle trunk line of a group of trunk
lines terminating at a branch exchange.

Various types of final connectors equipped for
giving the above services are in common usage
and have proved quite satisfactory; however, it
has been found that when the number of trunk
lines extending to a private branch exchange, re-
ferred to hereinafter as a P. B. X, exceeds the
capacity of a single level of the switch, or when
it becomes necessary to increase the number of
trunk lines terminating in a P. B. X to a num-
ber greater than the number of contacts in a
single level of the switch, or if in increasing the
number of trunk lines to a P. B. X there are no
vacant contacts immediately following the exist-
ing group of contacts, problems are presented

which may be overcome only with difficulty and :

expense in order to give the required service.
The present invention provides a simple, eco-
nomical and efficient means for providing for a
group of trunk lines extending to a P. B, X,
which group of trunk lines may be greater in
number than the number of contacts in a given
level; it also provides means for adding trunk
lines to a group of lines already extending to a
P. B. X, which additional lines may be greater
in number than the capacity of the level in which
the existing group is located; it permits the ad-
ditional lines to be located adjoining the exist-
ing group, allows for a number of individual lines
to be placed between the existing group and the
added lines, and permits the additional lines to
be located on contacts of anocther level. These
results are accomplished with a minimum of op-
erations of the switch and in such a manner that
the wiper sets are moved but once across the
bank contacts of a group whereby tests are made
on contacts of two levels; that is, as the two
respective sets of wipers engage the two respec-
tive contact sets in the two levels, a test is first
made by the first set of wipers and if that con-
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a test upon the corresponding contact engaged
by the second set of wipers before the switch
moves the wipers to the next successive contact.

It is an object of the invention to provide, in
a telephone system of the type referred to above,
an automatic switch which is adapted to search
for an idle line over contacts in a plurality of
levels simultaneously. Another object is to pro-
vide an autcmatic switch which is adapted to
terminate a group of trunk lines connected to &
P, B. X or the like, in which the different lines
of the group terminating in the switch bank con-
tacts may be located on a plurality of levels. A
further object is to provide an automatic switch
adapted to terminate individual subscriber lines
and a plurality of groups of trunk lines, said
groups of trunk lines extending to one or more
P. B. X’s or to other exchanges; wherein said
groups may be located upon successive contacts.
of a plurality of levels or may have individual
subscriber lines connected to contacts inter-
spersed with the contacts of the group. . It is a
still further object of the invention to provide an
automatic switch having a plurality of sets of
wipers arranged to make contact with bank con-
tacts of a plurality of levels of contacts simulta-
neously, said switch being adapted first to test
the busy condition of a contact in one level and
then to test the busy condition of the correspond-

‘ing contact in another level before the sets of

wipers .are moved to the next adjoining sets of
contacts. It is a further object of the invention
to provide, in an automatic switch, testing means
for ascertaining the idle, busy, or vacant condition
of the bank contacts engaged by the wiper sets.

Another object of the invention lies in the ar-
rangement of an automatic switch wherein a
group of trunk lines terminate on two levels of
a switch, and are arranged so that the trunk
lines of said group may or may not be connected
to successive contacts in the two levels, whereby
the switch is arranged to test the contacts in
the two levels alternately and to test the contacts
in each level successively to determine the idle
or busy condition of the associated trunk line,
and in the event contacts of individual subscriber
lines are encountered in the course of the test,
the latter contacts will be passed over regardless
of the idle or busy condition thereof. It is a fur-
ther object to provide, in an automatic switch
as described above, means for giving a busy sig-
nal to a calling party in the event all the trunk
lines in a group are tested and found busy. A
further feature of the invention resides in the
arrangement of the rotary connector switch, as
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described above, for selecting any particular trunk
line in & group of trunks connected to & P. B. X
and, if found by test to be busy, a busy tone is
caused to be returned to the calling subscriber,
and for preventing, on such connectors, auto-
matic rotation of the wipers to search for idle
trunk lines in the group. Further objects of
the invention relate to the particular arrange-
ment of the circuit elements of the system, where-
by the above and other operating advantages of
the invention are obtained.

The invention, both as to its organization and
method of operation, together with further ob-
jects and advantages thereof, will best be un-
derstood by reference to the specification taken
in connection with the accompanying drawings
in which Figures 1, 2 and 3 illustrate the arrange-
ment of a telephone system incorporating a ro-
tary connector embodying the present invention.

Referring to Figs. 1, 2 and 3 of the drawings,
there is illustrated therein a telephone system
including an-exchange serving a plurality of sub-
scriber substations A to E, inclusive, and a 2. B. X
switchboard 812. More particularly, a plurality
of subscriber lines 168, 260, 364, 362 and 888, re-~
spectively, extend to the subscriber substaticns
A, B, C, D and E and terminate. in the switching
apparatus in the exchange. More specifically,
each subscriber line terminates in a line circuit
jndividual thereto included in the switching ap-
paratus, the subscriber line {88 terminating in
the line circuit {81 and the subscriber lines 85¢,
361,-382 and 363 terminating in similar individ-
ual line circuits (not shown). The P. B. X switch-
board 372 is accessible to the connector cver a
group of trunk lines comprising as many as twen-
ty trunks. Also each trunk in the group termi-
nates in the connector bank and includes, in
tandem therewith, an individual trunk line cir-
cuit illustrated at 378.

Further, the system comprises a finder-sslec-
tor link {62 which may be of any known type
but which is preferably of a type including Strow-
ger type switches, according to which the finder
comprises a wiper mechanism operable in verti-
cal and rotary directions to find and make con-
tact with a calling line. The selector end of the
link comprises a Strowger switch having a wiper
mechanism operakle in vertical and rotary direc-

tions to select and make connection with the con- *

ductors of an idle connector switch., A line cir-
cuit is provided for each line, such as the line
circuit #8{ which is used in telephone systems,
and which functions to condition & distributor 164
to select an idle finder-selector link for use of
g, calling line. The line circuit 181, the finder-
selector link 182, the disfributor 84 and the
trunk circuits 270, terminating at the P, B, X
switchboard 372, have not been shown in detail
as they are well known to those skilied in the
art.

The connector circuil illustrated in defail in
Figs. 1, 2 and 3 comprises two sets of wipers
mounted upon a wiper shaft (not shown), the
lower set of wipers being mounted the distance
of five steps or levels below the upper set. With
this arrangement, the wipers of the two sets are
adapted to engage the contact sets in two levels
five steps apart, i. e., for example, when the up-
per set of wipers is positioned opposite the tenth
level, the lower set of wipers is positioned oppo-
site the fifth level of contacts. The connector
includes g vertical magnet 248, which steps the
wipers in a- vertical direction, and-a rotary mag-
net 285 which steps the wipers in & rotary direc-
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tion. A release magnet |7 operates to release
the wiper shaft and allows the sets of wipers to
be restored to their normal position. There are
a number of relays in the connector, ag follows:
o reverse relay Ri18, a line relay Ri20, a hold
relay B430, a control relay R28§, a change relay
R228, a ring cutoff relay R239, a delay relay R250,
a busy relay R280, a test relay R279, a step re-
lay R28%, & polarized switch relay R296, and two
sdditional polar relays R383 and R310. The po-
lar relays are designed not to operate when only
their lower windings are energized and to re-
main operated under control of the lower wind-
ings after they have been operated cver a cir-
cuit including their upper windings. There are
a number of vertical off-normal springs which
operate upon the first vertical step of the switch,
including the springs 124, 128, 126 and 205, and
there are also a pair of rotary off-ncrmal springs
236 which are operated upon the first rotary step
of the switch. The normal post springs 315 are
oparated upon certain specific levels, which. levels
terminate groups of trunk lines extending to the
P.B.X )

A better understanding of the operation of the
system illustrated may be had by describing the
progress of a call originating at the substation
A and routed through the exchange apparatus
to a line terminating at the substaticn B. The
subscriber at substation A by removing the hand-
set of the telephone instrument thereat from its
associated switchhook causes a circuit to be com-
pleted, whereby the line circuit f0f is operated.
The operation of the line circuit 18§ places start-
ing ground upcn the conductor Ci83 whereupon
the distributor {84, in a well known manner, se-
lects an idle finder-selector link, such as the
link §82, for use. When the finder-selector link
132 has been selected, the finder switch there--
of operates in a well kncwn manner {o- automati-
cally search for and connect with the contacts
terminating the line circuit i8{ of the calling
line. At this time the connection has been ex-
tended from the substation A by way of the line
180, the line circuit {81, and the finder switch
portion of the finder-selector link 182 to the se-
lector portion of the link. The selector is now
conditioned to receive and respond tc the first
digit to be dialed by the subscriber and aeccord-
ingly transmits dial tone to indicate to the call-
ing subscriber that the digits of the called sub-
scriber number may be dialed. The selector
switch of the link {82 operates in response to the
dialing -of the first digit to elevate its wipers
{285 to 137, inclusive, to a position opposite the
desired level and: then automatically rotates the
wipers to select a set of bank contacts terminat-
ing an idle connector, such as the connector illus-
trated.

Upocn seizure of the connector, the control relay
R2080:is operated over a circuit extending from
ground in the finder-selector link {82 by way of
the contrel wiper {35 engaging the bank contact
terminating the control conductor €88, the ver-
tical off-normal- contacts 23; and the upper
winding of relay-R283 to battery.  The relay R20%
is operated over-this circuit and opens the con~
tacts 283 in the circuit of the switch relay R236;
Also, at this ftime, the line relay RI128 is oper-
ated over the loop circuit extending to the sub-
scriber substation A, This circuit may be traced
as extending from ground: in the finder-selector
link 102 by way of the control wiper 135, the
engaged contact terminating the control con-
ductor Ci98, the lower winding of relay RI120,
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the contacts |14, to the conductor C{07; and from-

battery by way of the upper winding of the line
relay RI20; the contacts til, to the conductor
Ci96, the conductors Cl86 and CI07 being con-
nected together over a loop circuit including the
wipers 136 and (37 of the selector switch which
are connected to the wipers 138 and {33, respec-
tively, of the finder switch of the link 102, the
line circuit (01, and the conductors of line 106
extending to the subscriber substation A. Upon
operating, the line relay RI20 completes, at its
contacts 121, an obvious circuit for energizing
the hold relay RI39. The hold relay R139, upon
energizing, applies, by way of its contacts {34,
ground potential to the control conductor Ci08,
thereby causing the finder-selector link 182 to ke
held in its operated position; and it also applies,
at its contacts 131, ground potential to the upper
winding of the control relay R208, At its con-
tacts 132, the hold relay RI138 interrupts a point
in the incomplete circuit for energizing the re-
lease magnet 117. At its contacts 133, the relay
RI130 applies ground potential to the hold con-
ductor C287 which completes a circuit for ener-
gizing the lower windings of the switch relay
R298 and of the polar relays R8{0 and R308.
Since these relays are of the polar type, they will
not operate until their upper windings have also
been energized. The connector switch is now
ready to receive the second digit to be dialed by
the calling subscriber. As was assumed previous-
ly, the called line 380 extending to the station
B terminates in the tenth level of the switch con-
tact bank. The line conductors C348 of this
line and the control conductor designated C338,
it is noted, are located in the tenth level and
upon the seventh contact, It will be necessary
then that the second digit to be dialed be “0.”
The line relay R1206 will respond to this digit by
restoring and reoperating ten times. Wheh it re-
stores the first time, the circuit for energizing the
hold relay Ri28 is interrupted at the contacts
121, However, the hold relay, being of the slow-
to-release type, remains operated during the en-
tire ten impulses produced by the dialing of this
digit.

At its contacts 122, the relay R120 completes
an intermittent circuit for the control relay R268.
This circuit may be traced from ground by way
of the contacts 133, the contacts 122 and 2063’, and
the lower winding of R280 to battery. The relay
R208 is also of the slow-to-release type and re-
mains operated during the entire pericd of dial-
ing of the digit. At its contacts 123, the relay
Ri20 completes a circuit for energizing the ver-
tical magnet 248 each time this relay restores.
This circuit may be traced from ground by way
of the contacts 128, 134, 204 and 226, and the
winding of the verfical magnet 246, to battery.
The energization of the vertical magnet 240 drives
the wiper shaft one step, thereby closing the ver-
tical off-normal springs 124, 26 and 265 and
opening the vertical offi-normal springs §25. The
line relay RI120, in responding to the digit “0,”
completes the above-traced circuif for the ver-
tical magnet 240 ten times, thereby driving the
wipers ten steps in the vertical direction, posi-
tioning the wipers 3828, 321, 324 and 325 opposite
the tenth level of the associated bank confacts
and positioning the wipers 322, 323, 326 and 327
opposite the fifth level of the associated bank
contacts. When the wipers 320, 321, 324 and 323
are raised to the tenth level, the normal post
springs 315 are operated into engagement to pre-
pare a test circuit for the test relay R210 and
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the polar relay R318. However, sinice the con--
nection being described is to be completed to an
individual subscriber line, the circuit including
the normal-post springs 215 is ineffective, At
the termination of the dialing of the second digit,
the line relay is held in its operated position to
interrupt, at its contacts 122, the energizing cir-
cuit for the lower winding of the control relay
R203, thereby allowing the relay R200 to re-
store since the holding circuit for its upper wind-"
ing is now open at vertical off-normal springs 125.
Upon restoring, the relay R200 interrupts g fur-
ther point in its own holding circuit at the con-
tacts 288’ and completes, at its contacts 201, a
circuit for energizing the winding of the change-
over relay R220, This circuit extends from
ground by way of the rotary ofi-normal springs
206, the contacts 281, the vertical off-normal
contacts 285, and the winding of R220 to battery,
thereby causing the relay R220 to be operated to
complete, at the contacts 221, g circuit for ener-
gizing the upper winding of R200. This circuit
extends from ground by way of the rotary off-
normal springs 208, the contacts 221, the vertical
off-normal springs 128, and the upper winding of
relay R200 to battery. Upon being energized, the
relay R290 opens the initial energizing circuit for
the slow-to-release relay R228 at its contacts 2014
and it completes, at its contacts 202, a holding
circuit for the change-over relay R2Z2, before
the latter relay restores, which circuit extends
from ground by way of the contacts 222 and 202,
the vertical off-normal springs 205 and the wind-
ing of R220 to battery. At contacts 226, relay
R22% upon energizing opens a point in the pre-
viously traced impulsing circuit for the vertical
magnet 248 and at its contacts 225 it prepares
a point in the impulsing circuit for the rotary
magnet 245, At contacts 204, relay R200 upon
energizing prepares a further point in the im-
pulsing circuit for the rotary magnet 245. At its
contacts 223, the relay R220 also prepares g point
in the incomplete circuit for the switch relay
R289, and at its contacts 228, relay R228 com-
pletes an obvious circuit for energizing the wind-
ing of the delay relay R258. The relay R250, in
operating, inferrupts, at its contacts 252, g cir-
cuit for applying interrupted ringing generator
to one of the negative wipers 824 or 326.

The connector now is ready to receive the im-
pulses transmitted as a result of the dialing of
the third and final digit to set the wipers upon
the contacts terminating the called line. 'The
line relay R120 now responds to the third digit,
which at this time is the digit “7,” by restoring
seven times, thereby to complete a circuit for
energizing the rotary magnet 245 a correspond-
ing number of times. This circuit may be traced
from ground by way of the contacts 123, 134, 204
and 225, and the winding of the rotary magnet
245 to battery. The rotary magnet 245 drives
the wipers across the contact bank and thereby
moves the wipers into engagement with the sev-
enth set of bank contacts, whereupon the wiper
320 engages the contact terminating the conduc-
tor C338 and the wipers 324 and 325 engage the
contacts terminating the line conductors €340 of
the line 360 extending to the substation B. When
the wipers are rotated one step, the rotary off-
normal springs 286 were disengaged to interrupt
the previously traced circuit for energizing the
upper winding of the relay R200, thereby allow-
ing that relay to restore after all of the im-
pulses of the final digit have been sent, this re-
lay being held by a circuit including its lower
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winding during the dialing period. At the fer-

mination of the dialing of the final digit, the re-

lay R200 restores to interrupt, at the contacts

202, the circuit for energizing the relay R228
but due to its slow-to-release characteristics re-
lay R220 does not immediately restore. Upon
restoring, the relay R288 also completes, at the
contacts 203, a test circuit for the upper winding
of the switch relay R280, this circuit extending
by way of the contacts 223, 385 and 271{, to the
wiper 320 which is now engaging the contact ter-
minating the conductor C338. If the called line
is busy, ground potential will be found upon the
test conductor C338, thereby short-circuiting the
upper winding of the relay R298. However, if
the called line is idle battery potential will be
found upon the test conductor C338, thereby
causing the relay R298 to be energized over a cir-
cuit including its upper winding,

It will be assumed at this time that the called
line is busy and therefore the upper winding of
relay R280 is short-circuited in the manner de-
scribed above. After a short time, the relay R220
restores to open, at its contacts 228, the cir-
cuit for energizing the slow-to-release delay re-
lay R280. Before the relay R280 restores, a cir-
cuit for energizing the lower winding of the step
relay R288 .is completed over a path from the
grounded hold conductor C207 by way of con-
tacts 297, 246, 227 and 283 and the lower winding
of R280 to battery. The relay R283 thereupon
operates and, at its contacts 283, completed a
circuit for energizing the upper windings of the
relays R288 and R256, causing the relay R28
to operate. This circuit can be traced from the
hold conductor C287 through the contacts 298,
313, 308, 283, and 278, and the upper windings of
the relays R288 and R288 in series to battery.
At contacts 251, the delay relay R250 upon re-
storing also prepares a circuit for transmitting
busy tone to the calling line which circuit may
be traced from the busy tone conductor by way

of the contacts 292, 26§, and 251, the negative

conductor C186, the negative wipers of the link
102, over the negative conductor and to the fele-
phone instrument at substation A, in order to in-
dicate to the calling subscriber that called line
is busy.

The subscriber at station A is thus notified that
the called line is busy and that he should re-
place the handset of the telephone instrument
upon the associated switchhook in order fo-re-
lease the connection thus far set up. This re-
lease of the equipment will be hereinafter de-
scribed.

Assuming, on the other hand, that the called
line 3680 of the substation B is idle when the
wiper 320 engaged the contact terminating con-
ductor C328, the wiper 328 will encounter nega-
tive battery potential thereon thereby energizing
the switch relay R298 over a circuit extending
from ground, through the upper winding of the
relay R288, the contacts 283, 223, 385, and 214,
and the wiper 320 to negative battery on the
conductor C33%8. The relay R288 then operates
immediately, due to the energized condition of
its lower winding and prepares, at its contacts
262 and 284, a circuit for transmitting ringing
current to the called line 3808 to signal the called
party. As a further result. of the operation of
relay R298 ground potential is applied, at its con-
tacts 295, to the bank contact terminating the
eontrol conductor C338 thereby to mark the called
line busy in the banks of the other connectors
having access thereto, and, at its contacts 291, a
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path is completed for transmitting ring-back
tone to the calling line over a circuit including
the contacts 233 and the negative line conductor
C108, to indicate to the calling subscriber at sub-
station A that the called line is being signalled.

It will be recalled that the relay R229 remained
operated for a short interval of time, after its
energizing circuit was opened by the restoration
of relay R200, in order to complete the above
traced circuit for relay R298. Subsequently re-«
lay R220 restores to normal and, at contacts 228,
it opens the energizing circuit for delay relay
R250. Due to the fact that switch relay R290
has energized and opened its contacts 29T the
previously traced circuit for operating the step
relay R280 and busy relay R288 cannot be com-
pleted at this time. Subsequently the slow-to-
release delay relay R286 restores to normal and,
at contacts 252, it completes a circuif for trans-
mitting ringing currtnt over the conductors C340
of line 380 to signal the subscriber at substa-
tion B.

The path for projecting ringing current to sig-
nal the substation B may be traced from the
battery connected interrupted generator 254, the
upper winding of ring cut-oif relay R2238, con-
tacts 252, 234, 232 and 38{, wiper 224 in engage-
ment with the seventh contact in the tenth level
of bank contacts, negative conductor C340 of the
line 3688, the ringer at substation B, and returning
by way of the positive conductor C340 of the
line 380, wiper 325, contacts 303, 294 and 324 to
ground,

When the called subscriber at substation B
responds to the ringing of his bell by removing his
handset from the associated telephone instru- |
ment, a direct current bridge is closed across the
line conductors C248 in the usual manner, where-
upon the ring cut-off relay R2S0 is energized.
Upcn energizing, relay R238 closes a locking cir-
cuit for its lower winding at contacts 236 from
the grounded conductor C287 and, at the same
time, its conizacts 284 and 234 are opened to
disconnect ringing current from the line. Also,
at the contacts 233, relay R238 interrupts the
path for transmitting ring-back tone to the call-
ing station A. The relay R238, upon operating,
also closes its contacts 232 and 235 to complete
the talking connection between the called sub-
station B and the calling substation A. Trans-
mitier current is now supplied to the called sub-
station through the windings of the reversing
reiay R1i8, whereupon relay Ri18 operates over
the called subscriter’s loop, and reverses the flow
of current to the calling substation A in an obvi-
cus manner ab its contacts f1i to {4, inclu-
sive.

It is noted that upon a call being made to an
individual line, such as the one just described,
with the control wipers 328 and 321 resting upon
the seventh contacts of the itenth level in the
upper set of bank contacts and line wipers 324
and 523 resting upon the corresponding con-
tacts in the lower set of bank contactls, the wiper
321 engages a contact upcen which no conductor
is terminated and, therefore, no circuit can be
completed for operating relays R27§ or R816 and
that, also, the contrcl wipers 322 and 323 are
vesting upon the corresponding contacis in the
fifth level in the upper bank, but, since the relays
R219 and REIH are in their restored positions,
no effective circuit is complefed by these wipers.
Finally, since the line wipers 328 and 327 are
resting upon the seventh contacts. of the fifth
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-level in the lower bank, it will be seen that no
effective circuit is completed by these wipers,
as the contacts 302 and 304 are in disengaged
positions. i

The contrel wiper 328 is utilized to test the
idle or busy condition of the individual lines
terminated in the connector bank and the wipers
321, 322 and 323 are employed in the testing of
the trunk lines in the group of lines extending
to the P. B, X 370.
the line 36i extending to the substation C, the
second digit “5” transmitted by the calling sub-
scriber causes the connector to position the wipers
320, 32¢, 324 and 325 opposite the fifth level of
the asscciated set of bank contacts.
digit “v” transmitted by the calling subscriber
-rotates the wipers mentioned intc engagement
with the seventh set of bank contacts in the
- fifth level whereupon control wiper 328 engages
the contact terminating the control conductor
" C833 and the line wipers 324 and 325 engage
the contacts terminating the line 331, The con-
trol wiper 321 is ineffective at this time, as it
engages the vacant contact 377, and the wipers
322, 323, 325 and 327 do not engage contacts
in any level because they are rotated below the
set of bank contacts and, therefore, are ineffec~
tive to cause operation of relays R228 and R340.

Testing the busy condifion of the called line
384, signalling the called line, and completion
of the connection to the called line are accom-
plished in the same manner as has been described
above in connection with extension of a call to
substation B.

Release of equipment

. The release of the switch train is under the
control of the calling party. To terminate the
connection and cause the switches to be restored
.to their normal positions, the calling subscriber
replaces the handset upon the teleshone instru-
ment whereupon the loop circuit extending to
the line relay R{28 is opeéned, causing this relay
to restore and, at its contacts 124, to open the
circuit to the relay RI{80. The relay R130 re-
stores affer a short interval and thereby inter-
rupts, at its contacts {31, the application of
ground potential to the contrel conductor C198.
The removal of ground potential from the con-

- ductor C108 causes the link 182 and the line cir--

cuit {81 to be restored to their normal posi-
tions. The relay R129, in restoring, also opens,
- at its contacts (88, the circuit for applying
ground potential to the hold conductor C287,
thereby causing the relays R228 and R290 to
restore. The relays R238 and R290, in restoring,
open the loop circuit to the called station, there-
by allowing the reversing relay Ri18 to restore.
Also, the relay R128, in restoring, completes, at
~contacts 122, a circuit for energizing the release
magnet {17, this circuit extending from ground
by way of the contacts 82, vertical off-normal
springs 124, contacts 145, and the winding of
£17 to battery. The energization of the release
magnet {17 causes the wipers to be restored to
their normal positions, whereupon the vertical
off-normal springs 124, 125, 126 and 205 are re-
stored to the normal position shown in the draw-
ings, the previously traced circuit for energizing
the release magnet {7 being interrupted when
the vertical off-normal springs (24 are disen-
gaged. At this time the connector switch is com-
pletely restored to normal and is available fer
-use in another call. : o

Thus if a call is made to:
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Call to the P. B. X

Assuming that a call is to be made from the

‘substation A to the P. B. X switchboard 312,

and. that the link 102 has been operated in the
manner previously described to select the con-
nector illustrated, when the connector is selected
relays R280, Ri20 and R!30 operate, in the order
named, to prepare the connector for further
operation. The connector is now ready fto re-
ceive the impulses of the first digit, which is the
second digit dialed at the substation ‘A.

The line relay R128 responds to the impulses of
the dialed digit by restoring and operating a
corresponding number of times. In this case, ten
impulses are transmitted, whereupon the wipers
328, 324, 324 and 329 are raised to a position .
opposite the tenth level of the associated bank
contacts, it being remembered that the wipers
322, 323, 326 and 327 of the lower set are nor-
mally five steps below the wipers of the upper
set and are, therefore, positioned opposite the
fifth level of the associated bank contacts. -

A short time after the second digit has been
dialed, the control relay R200 restores and com-
pletes a circuit, at its contacts 201, for the change-
over relay R220. This circuit may be traced
from ground by way of the rotary off-normal
springs - 286, contacts 201, vertical off-normal
springs 285, and the winding of relay R220 to
battery. The relay R220 is operated over this
circuit and completes a circuit for the upper
winding of the confrol relay R2080 which circuit
extends from ground by way of the rotary off-
normal springs 266, contacts 224, vertical off-
normal springs 126, and the upper winding of
R200 to battery. Upon being energized, the re-
lay R268 opens the initial energizing circuit for
the slow-to-release relay R220 at its contacts
281 and it completes, at its contacts 202, a hold-
ing circuit for change-over relay R228, before the
latter relay restores, extending from ground by
way of the contacts 222 and 202, vertical off-nor-
mal springs 285, and the winding of relay R220
to battery. At its contacts 2286, relay R220, upon

- energizing, opens a point in the previously traced

impulsing ecircuit for the vertical magnet 240
and, at its contacts 225, it prepares a point in the

-impulsing circuit for the rotary magnet 245.

The operation of the relay R228 also completes,
at its contacts 228, an obvious circuit for the de-
lay relay R280 which then operates and, at the
contacts 251, opens a point in the incomplete
busy tone circuit. The operation of the relay
R2Z58 also opens, at the -contacts 282, a point in
the circuit for applying interrupted ringing gen-
erator to the called line. When the wipers 329,
321, 324 and 325 of the upper set reach the tenth
level, the normal post springs 315 are operated
into engagement to prepare a test circuit for the
test relay R279 and the polar relay R318.

The connector is now in readiness to receive the
final digit to be dialed, which, in this case, will
be the digit “1.” Upon dialing the digit “1,” the
line relay R{28 is restored once and it is then
held energized, thereby to transmit, at its contacts
{23, one impulse to the rotary magnet 245. The
rotary magnet 245 then operates to drive the
wipers 328 to 327, inclusive, one step in the
rotary direction into engagement with the respec-
tive first sets of contacts in the contact banks.
When the wipers are rotated one step, the rotary
off-normal springs 206 disengage each other to
interrupt the previously traced circuit for ener-
gizing the upper winding of the relay R200. The
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relay R200 shortly thereafter restores to inter-
rupt, at its contacts 202, the circuit for energiz-
“ing the relay R220, but due to its slow-to-release
characteristics relay R228 does not immediately

restore. The restoration of relay R289 also com- -

pletes, at its contacts 283, a test circuit for the
upper winding of the switch relay R289, which
circuit extends from ground, the upper winding
“of relay R286, the contacts 203, 223, 385 and 271,
to the wiper 328, which is in engagement with
the bank contact terminating conductor C328.
The operation ¢f the switch now depends upon
the busy or idle condition of the first set of con-
tacts in the banks engaged by the wipers. It will
be noted that the first to the sixth, inclusive, and
ninth and tenth contacts in the tenth and fifth
levels terminate trunk lines extending to the
trunk circuits indicated at 378, which connhects to
the P. B. X switchboard 372 by way of the cable
314,

Assuming that the trunk line, including line
conductors C332 and control conductor C328,
terminated by the first contact set in the tenth
level in the associated contact bank is the first
idle trunk in the associated group of trunks, ac-
cordingly when the wipers are rotated into en-
gagement therewith, battery potential upon the
control conductor €328, marking the trunk idle,
is applied to the wiper 320. The application of
battery potential to the wiper 329 completes a
circuit, including contacts 271, 385, 223 and 263,
for energizing the upper winding of the switch
relay R290.

When thus energized the switch relay R299
operates to interrupt, at contacts 287, a point in
the circuit of step relay R2806 thereby to prevent
energization of the latter relay when the slow-
to-release change-over relay R228 subsequently
restores, and to complete, at contacts 295, a cir-
cuit, including the contacts 3¢5 and 271, for ap-
plying direct ground potential to the wiper 228
in order to busy the trunk in the associated bank
contacts of other connectors having access there-
to. The slow-to-release change-over relay R220
now restores and, at its contacts 228, opens the
initial energizing circuit for the upper winding
of switch relay R280. However, the latter relay
remains in its energized position under control
of the circuit including its lower winding. As
a further result of the restoration of relay R228,
the circuit for the delay relay R2580 is opened at
contacts 228, whereupen relay R258 restores and
prepares, at contacts 282, the circuit for signal-
ing the operator at the P. B. X switchboard 372.

Also, upon operating, the switch relay R299, at
its contacts 281, connects the ring-back tone to
the calling line by way of contacts 233 and nega-
tive line conductor C188 to indicate to the call-
ing subscriber at substation A that the called
trunk line is being signaled, and, at its contacts
292 and 284, relay R282 completes a signaling
circuit whereby the interrupted generator 254 and
direct ground at contacts 234, respectively, are
connected to the trunk line conductors C232 by
way of wipers 324 and $25 to signal the operator
at the P. B. X switchboard 372.
the operation of the apparatus with respect to
ringing, answering, and releasing the connection
is similar to that explained above.

It will now be assumed that when the con-
nector was operated in the above-described man-
ner and the wiper 328 engaged the first contact
in the tenth level of the associated set of bank
contacts, the first trunk line was busy and, there-
fore, the control conductor C328 was grounded by
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a control wiper, such as 320, of another con-
nector. Accordingly, when the wiper 320 of the
illustrated connector encounters the bank con-
tact terminating the grounded control conductor
€328, the switch relay R 290 will not operate due
to the fact that the upper winding thereof is
short-circuited. 'The change-over relay R228 re-
stores after a short interval to prepare, at its
contacts 224, a circuit for the test relay R270.
Upon restoring, relay R228, at its contacts 228,
also opens the energizing circuit for the slow-to-
release delay relay R258 and it prepares, at its
contacts 228, a circuit for energizing relay R2350,
the latter circuit being completed responsive to
the energization of test relay R2T0 before the
slow-to-release relay R258 restores to normal,
as will be subsequently described. Also, upon re-
storing, the relay R228 completes, at its contacts
221, a circuit for energizing the lower winding
of the step relay R288, This circuit may be
traced from the grounded hold conductor CZ87 by
way of the contacts 287, 248, 227 and 253, and the
lower winding of the relay R288 to battery. The
relay R280 then operates to complete a holding
circuit for its upper winding in series with the
upper winding of the busy relay R2E8, this cir-
cuit extending from the grounded hold con-
ductor C287 by way of the contacts 286, 313, 308,
283 and 218, and the upper windings of the relays
R260 and R280 in series to battery.. The busy re-
lay R262 is operated over the abcve-traced cir-
cuit and completes, at contacts 282, the test cir-
cuit including the upper winding of the test relay
R 278. With ground potential applied to the
contact terminating the conductor C328, a cir-
cuit will be completed for the upper winding of
the test relay R278, this circuit extending from
the grounded conductor C328 and its associated
bank contact, wiper 328, the contacts 271, 305 and
224, the upper winding of R278, the contacts 262
and 275, the normal poest springs 345, the wiper
321, the bank contact terminating the conductor
329, and the resistor 338, to negative battery.
The relay R270 is operated over this circuit and
completes, at the contacts 276, a holding circuit
for its lower winding, this circuit including the
contacts 28§ and the grounded holding conductor
C287. At this time, when the wipers 320 and 321
have tested the busy condition of the first trunk
line in the tenth level, a circuit is prepared at
the contacts 273 of the test relay R270 for testing
the first trunk line in the fifth level. Assuming
that the contacts terminating the first trunk line
in'the fifth level are found busy, ground potential
will be found on the conductor C831{, thereby
grounding the wiper 323 to ccmplete a short cir-
cuit for the upper winding of the polar relay R380,
this circuit including the contacts 213, 28!, 397,
312 and 297 and the grounded hold conductor -
C281. Also, upon cperating, the test relay R270
interrupts, at its contacts 278, the circuit for en-
ergizing in series the upper windings of the re-
lays R260 and R280. The relay R260 is deener-
gized shortly thereafter. However, the relay R280
remaing energized over ifs lower winding in a
circuit which includes the contacts 253, 227, 246
and 297 to the grounded hold conductor €267, It
will be noted that the delay relay R280 is held
operated over a circuit extending from the
grounded held conductor C287 by way of the con-
tacts 296, 313, 368, 270 and 229, and the wind-
ing of R250 to battery.

The switch now having tested the first con-
tact sets in the tenth and fifth levels, respec-
tively, and it having been assumed that the trunk
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line connected to the first contacts of the fifth
level is also found busy, it is necessary to ad-

vance the wiper sets to thé second contact sets -

in the contact banks. A circuit is now completed
for the rotary magnet 245 by the restoration of

relay R260, this circuit extending from the .

grounded hold conductor C2857 by way of the
contacts 286, 313, 308, 283, 277 and 283, and the
‘'winding of the magnet 245, to battery. Upon
energizing, the rotary magnet 245 drives the wip-
ers to the second contact sets in the banks and
also interrupts, at the contacts 248, the circuit
for energizing the lower winding of the stepping
relay R280. Upon restoring to normal, the relay
R280 opens, at contacts 281, the test circuit for
the upper winding of pelar relay R309, and pre-
‘pares, at contacts 282, a test circuit for the up-
per winding of polar relay R319, and it opens,
at contacts 283, the energizing circuit for the
‘rotary magnet 245. If it be assumed that the
third trunk line, which is terminated upon the
second contact set in the tenth level, is busy,
ground potential will be found upon the control
‘conductor C234 to ground the wipers 820 and 321,
whereby the upper winding of the polar relsy
R319 is short-circuited, over g circuit which may
be traced fromx the grounded wiper 32{, normal
post springs 315, contacts 274, upper winding of
relay R318, contacts 282, 397, 212 and 287, to
the grounded conductor C287. When the ro-
tary magnet 245 restores to normal a circuit is
again completed, at its contacts 246, for energiz-
ing the lower winding of the step relay R283.
Relay R283 now energizes again to open the test
circuit for polar relay R318, at contacts 282, and
to close the test circuit for polar relay R388, at
contacts 281. Relay R280, at its contacts 283,
again completes a circuit for energizing the ro-
tary magnet 245. If the wiper 323 is in engage-
ment with an idle trunk line, battery potential
will be encountered on conductor C338, where-
upon relay R3§0 immediately operates and opens
the stepping circuit of the rotary magnet 2485,
at contacts 308, before this magnet has had an
opportunity to be sufficiently energized to rotate
the wiper sets an additional siep. However, if it
be assumed that the sbove trunk line is busy,
the wiper 323 encounters ground potential cn
conductor C235, whereupon the upper winding
of relay R380 is short-circuited, permitting the
rotary magnet 245 to completely energize and
advance the wiper sets into engagement with the
third set of contacts in the banks and to again
open, at contacts 246, the energizing circuit for
relay R280. It will be seen from the foregoing
description of the operation that the contacts in
the tenth level are tested for a busy condition
and, if found busy, the corresponding contacts
in the fifth level are then tested; and if these
latter contacts are found busy, the wipers are
moved to the succeeding contacts where the next
contacts in the tenth level are tested and, if
found busy, the corresponding contacts in the
fifth level are tested. This interaction of testing
contacts in two levels successively continues until
an idle line is found.

If, in testing the lines, the connector finds busy
the first twelve lines which are terminated upon
the first six sets of contacts in the tenth and

fifth levels, the wiper sels are driven into con- 7

tact with the terminals connected to individual
lines which are terminated upon the seventh sets
of contacts in the tenth and fifth levels of the
connector bank. It will have been noted that
tests for idle trunk lines are made over the wip~
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ers 32{ and 323 and that, as a result of these

‘tests, the wipers are caused to be rotated to suc-

ceeding sets of bank contacts when a busy con-
dition is encountered in both levels. However,
in the event the wipers are driven into engage-
ment with contacts terminating individual lines,
as in the present instance, no potential will be
found upon the bank contacts engaged by the
wipers 321 and 323, and, as a result, the polar
relays R318 or R308 will not operate, but the
stepping relay R289 will ggain operate to com-
plete, at the contacts 283, a circuit including con-
tacts 283, 277, 308, 313 and 298 and the hold
conductor C267, for again energizing the rotary
magnet 245, whereby the wiper sets are driven
a further step intc contact with the succeeding
sets of bank contacts. Attention is called to the
fact that, because the test relay R279 is then
in its operated position, the test circuit includ-
ing the test wiper 328 is ineffective for testing
individual lines in the tenth level, since the cir-
cuit therefor is interrunted at the contacts 271,
and it will also be noted that the corresponding
upper and lower test contacts terminating the
individual lines are not connected together and,
therefore, the wiper 321 is open circuited and,
as a result, the relay R349 cannot operate. At-
tention is also directed to the fact that inasmuch
as the test relay R383 is not in its operated po-
sition, the test circuit including the test wiper
322 is ineffective for testing individual lines in
the fifth level, since the circuit therefor is inter-
rupied at contacts 306, and it will also be noted
that the corresponding upper and lower test con-
tacts terminating the individual lines are not con-
nected together and, therefore, the wiper 323 is
open circuited and, as a result, the relay R308
cannot operate. With the above condition pre-~
vailing, it will be seen that the wipers will he
advanced over the contacts terminating individ-
ual lines without testing the idle or busy condi-
tion thereof, and will be griven into engagement
with the next succeeding sets of bank contacts.
In the present case, the eighth set of contacts
in the tenth level terminate an individual line
and the eighth set of contacts in the fifth level
are vacant. - In either case, the wipers are caused
to be moved to the succeeding contacts as no' test
potential is found upon the contacts which are
engaged by wipers 321 and 322. It should be

.n_oted that if a trunk line is terminated on the
-eighth set of contacts in the fifih level, with

the upper and lower test contacts thereof strapped
together in the manner illustrated in the draw-
ings, the test wiper 323 will make the ahove-
described test operation to determine the idle. or
busy condition of that trunk line.

Assuming now that the wiper sets are resting
upon the ninth set of contacts in the tenth and
afth levels of the banks, and that the ninth con-
tact in the tenth level has been tested and found
busy, the ninth contact in the fifth level is now
tested and found to be idle. Negative battery
potential applied to the control conductor C3a3,
which ‘marks the associated line as idle, then
causes the polar relay R886 to operate over g cir-
cuit which may be traced from the grounded hold
conductor C20T by way of contacts 297, 32, 387,

-281, 273, the upper winding of relay R268, and the

wiper 323 engaging the bank contact terminat-
ing the conductor C8§3. Due to the pre-ener-
gized condition of its lower winding, relay R3020
operates exceedingly fast to open, at contacts 388,

-the circuit of the rotary magnet 245, before the
‘magnet has had sufficient time: to completely
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energize. As a further result of cpening of con-
tacts 308, the holding circuit for the delay relay
R250 is opened, whereupon the latter relay slowly
restores to normal. Relay R388, upon operat-
ing, at its contacts 287, also opens the initial
energizing circuit for its upper winding. How-
ever, the relay now remains in its operated po-
sition under control of the circuit, including its
lower winding. The reiay R208, upon operating,
at its contacts 301 and 283, also disconnects the
line wipers 324 and 325 which are now engaging
the ninth set of contacts in the tenth level of the
bank, while, at contacts 882 and 304, it connects
the line wipers 828 and 327 which are engaging
the contacts terminating the idle trunk line ex-
tending to the P. B. X. Also, upon cperating,
the polar relay R368, at its contacts 885, opens
a point in the test circuit including the wiper
320, and, at the contacts 288, completes an en-
ergizing circuit for the upper winding of the
switching relay R298, this circuit extending from
the negative battery applied to the conductor
C353, by way of the bank contact engaged by
the wiper 322, the contacts 396, 224, and 272, and
the upper winding of the relay R288 to ground.

The switching relay R298 operates over the above
traced circuit and opens, at its contacts 288, the
holding circuit for the test relay R218, thereby
causing that relay to restore, and it opens, at
its contacts 297, a point in the circuit for ener-
gizing relay R288. The relay R298, in operating,
also places ground potential upon the conductor
C3853 over g circuit extending by way of the con-
tacts 295 and 306, and the wiper 822, thereby
marking the asscciated trunk line as busy. As
a further result of the energization of relay R290
5 cireuit is prepared, at its contacts 282 and 284,
for transmitting ringing current over the selected
trunk line and, at its contacts 28, ring-back tone
is transmitted to the calling line to indicate to
the subscriber thereat that the operator at the
P. B. X is being signaled. When the slow-to-re-
lease delay relay R250 completely restores it com-
pletes, at its contacts 252, the previously traced
circuit for signaling the selected line. The
ringing curreni transmitted over the selected
trunk line causes the associated trunk circuit in
the group of trunk circuits 379 to operate and
signal the operator at the P, B. X board 372 that
a call is to be answered.

The operator at the swtichboard 372, in an-
swering the call, causes the associated trunk cir-
cuit to complete a loop circuit to the connector,
thereby causing the ring cut-off relay R28§ to

be operated in the manner explained above with

respect to answering a call to an individual line.
The functions of the connector relative to the
conversation period and the release of the con-
nection are the same as described above except
that, in the present instance, the relay R38D is
operated, so that when the release takes place,
this relay also restores along with the relay R280
as they are both held over the same circuit.
Further, let it now be assumed that the con-
nector, in searching for an idle line, encounters
as the first idle trunk line in the group of trunk
lines the trunk terminating upon the set of con-
tacts in the tenth position in. the tenth level.
In that event, the test wiper 324, upon engaging
the bank contact of the associated line, com-
pletes a circuit for energizing the upper winding
of the relay R3{8 over a circuit which may be
traced from ground upon conductor C281 by way
of the contacts 297, 812, 897, 282, the upper wind-
“ing of the relay R3!8, the contacts 274, the nor-
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mal post springs 815, the wiper 321 and engaged
contact, to negative battery potential applied to
conductor C852. Due to the pre-energized con-
dition of its lower winding, relay R310 operates
exceedingly fast to open, at contacts 3i3, the
circuit for the rotary magnet 24% and the hold-
ing circuit for the slow-to-release delay relay
R250. At its contacts 312, the relay R348 also
opens the initial energizing circuit for its upper
winding. However, relay R3{0 now remains in
its operated position under control of the circuit
including its lower winding. In operating, the
relay R318 diso completes, at its contacts 3{1, a
circuit for energizing the switching relay R288,
this circuit extending from ground by way of the
upper winding of the relay R288, the contacts
272, 224, 305 and 311, and the wiper 320 to neg-
ative. battery applied to the control conductor
€352, The switching relay R29%8 coperates to per-
form the functions described above and the op-
erations of the switch are the same with respect
to signaling, answering a call and releasing as
those heretofore described except that in this
case the relay R3i0 is held until the ground po-
tential is removed from conductor C287.

The control conductor, such as C354, of the last
trunk line in any trunk group is not strapped
to the adjacent lower bank contact and the latter
bank contact is connected either through a rel-
atively high resistance to battery or through a
high resistance winding of a traffic meter to bat-
tery. In the event that the connector cannot
find an idle trunk line in a group of trunk lines,
the wipers thereof come to rest upon the last
set of contacts, where either the control wiper
321 in the upper set or the control wiper 8238 in
the lower set engage the bank contact terminat-
ing the resistor or meter which is connected to
battery. If the last trunk line in the fifth level,
as illustrated, is selected, the resistance in series
with the battery operates upon the contact en-
gaged by wiper 323 to cause the relay R389 to
overate whether the last trunk line in the group
is idle or busy. If, however, the last trunk line
of the group terminates in the tenth contact set
of the tenth level, then when the wiper 382{ en-
counters this last trunk line, battery potential,
either through a resistance or through the wind-
ing of a traffic meter, applied to the associated
bank contact causes the relay R3{8 to oper-
ate whether the selected last trunk line is idle
or busy. The relay R300 or the relay R840, in
operating, completes, at either the contacts 389
or 314, respectively, a circuit for energizing the
busy relay R268, this circuit extending over the
conductor C287, the contacts 297, 388 or 314, and
279, and the lower winding of R288 to battery.
The relay R288, in operating, completes, at the
contacts 2681, the circuit for impressing busy tone
upon the calling line in the manner heretofore
described with respect to making a call to a busy
individual line. However, it is to be noted that
the busy tone circuit is completed only in the
event that the last trunk line of the group is also
busy and relay R299 is, therefore, short-circuited
in the manner previously described. If the last
trunk line in the group is idle and it terminates
in the tenth level, battery potential is applied to
the bank contact engaged by the test wiper 322
and causes switch relay R280 fo energize over a
previously traced circuit. However, if the last
trunk line of the group terminates in the fifth
level, then battery potential is applied to the
bank contact engaged by the test wiper 322 and
causes switch relay R290 to energize over a pre~
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viously traced circuit. Energization of relay R290
prevents the transmission of busy tcne to the call-
ing subscriber when the busy relay R260 operates.
The switching relay R290, in operating, performs
the above described functions including that of
connecting ringing current to the selected trunk
line to signal the operator at the P. B. X switch-
board 372. The meter 350, if used, will operate
to record the fact that all the trunk lines of the
group have been tested and were found busy or
that all the trunk lines of the group except the
last trunk line have been tested and found busy.
'This record may be used to indicate, if it is found
that the trunk group is busy an excessive num-
ber of times, that a greater number of trunk lines
are needed to handle the traffic to the P. B, X,

Night service

From the foregoing description of operation of
the connector it will be understood that when-
ever the digits “01” are received in the connec~
tor the switch functions to raise its wipers to the
tenth and fifth levels respectively, and to rotate
the wipers into engagement with the first and
second trunk lines in the P. B. X group termi-
nating in the first set of contacts in the tenth
and fifth levels, respectively. Accordingly, the
wipers are automatically rotated over the re-
maining sets of contacts in these levels in search
of an idle trunk line, it being understood that
the wipers will continue to rotate over bank con-
tacts terminating individual lines, whether idle
or busy, and over vacant bank contacts of the
‘bank until the last trunk line in the group is
reached, whereat the rotary movement of the wip-
ers is terminated regardless of the idle or busy
condition of the last trunk. If the last trunk is
busy, the calling subscriber is given the usual busy
~ signal and if the last trunk is idle the connec-

tion is completed in the usual manner,

Having described the operation of the connec-
tor responsive to the dialing of the digits “01”
to search for and select an idle trunk line in
2 group of trunk lines, a brief description will
now be given of the operation which takes place
when the calling subscriber desires to establish
a conhnection with a particular one of the trunk
lines in the P, B. X group of trunk lines. This
feature is of value for night time service or at any
time that certain specific trunk lines are to be
called, For the purpose of this description it
will be assumed that the connector has been
seized by the calling subscriber, that the first digit
received by the connector is the digit “0,” and
that the final digit “3” has been dialed, indi-
cating that the calling subscriber desires to es-
tablish a connection over the third trunk line in
the tenth level, The operation of the connector
at this time is the same as when a call is ex-
tended to an individual line, i. e., the last digit
dialed by the calling subscriber rotates the wipers
directively to the contact set terminating the
desired trunk line. It will be noticed that, while
the impulses of the last digit are being received
to operate the line relay RI20, this relay, at
its contacts 122, intermiitently applies ground
potential to the lower winding of the relay R208
to maintain the latter relay operated, which in
turn maintains, at its contacts 262, the circuit
for the relay R228. With the two relays R200
and R220 operated during pulsing, the circuit
for operating the rotary magnet 245 is main-
tained at the contacts 204 and 225. In the
event that the desired trunk line is found busy,
and when the wipers 320, 321, 324 gnd 325 engage
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the associated bank contacts, ground potential,
applied to control conducicr C3%5, will be ‘en-
countered upon the control contact thereof, the
ground - potential being conducted by way of
the associated control wiper 320 to short the
upper winding of the switch relay R290; where-
upon the busy relay R2E) is operated. It will
e remembered that the step relay R288 was oper-
ated at the termination of pulsing, thereby com-
pleting the energizing circuit for the relay R268
from the grounded conductor C231 by way of
the contacts 295, 313, 308, 283, 278 and the upper
windings of the relays R260 and R280. The busy
relay R286, in operating, completes, at its con-
tacts 261, the above-mentioned busy tone circuit
extending to the calling telephone to notify the
calling party that the desired trunk line is busy
and that the call cannot be completed at this
time. It should be noted that when a call is
extended to a particular trunk line, other than
the first trunk in the tenth level, in a group of
P, B. X trunks, the test relay R276 is not oper-
ated over the circuit, including the wiper 321
and the resistance battery connected by way of
conductor C329 to the bank contact engaged by
wiper 32(, normally completed when the digits
“01” are dialed. Since the test relay R270 can-
nct operate unless the wiper 324 is rotated to
the first contact set in the tenth level, the test-
ing circuit for automatically rotating the wiper
sets to search for an idle trunk line in the group
is not completed when a call is extended to a
particular trunk line, other than the first trunk,
in the P. B. X group of trunks. Consequently the
circuits including the test wipers 322 and 323
are open ab contacts 306 and 273, respectively.
If the called frunk line is found to be idle, nega-
tive battery which is encountered upon the con-
trol contact by way of the wiper 329, causing
the switching relay R290 to operate. The relay
R288, in operating, switches the calling line
through to the wipers 824 and 325 engaging the
third set of bank contacts in the tenth level
terminating the desired trunk conductors C376.
The remaining operations of the connector in-
cluding signaling of the called trunk line, con-
versation over the established connection, and
release of the connection upon the termination
thereof, are accomplished in the same manner
as have been described hereinbefore.

It will now be assumed that the calling sub-
scriber desires to establish a connection with a
particular trunk line in the group of P. B. X
trunk lines terminating in the fifth level of the
asseciated sets of bank contacts. For the pur-
pose of this description it will be assumed that
the connector has been seized by the calling sup-
seriber in the usual manner, that the first digit
received by the connector is the digit “5” and
that the final digit “1” has been dialed indicating
that the calling subscriber desires to establish a
connection over the first trunk line in the fifth
level, It should be understood that the calling
subscriber may also establish a connection with
any other trunk line terminating in the fifth level
by merely dialing a final digit having a numerical
value corresponding to the contact position of the
bank terminating the wanted trunk line. The
operation of the connector responsive to the re-
ceipt of the digits “51”” is the same as has been
previously described in connection with the call
extended to the individual subscriber line 361
extending to substation C. In other words, the
wipers 320, 321, 324 and 825 are positioned oppo-
site the fifth level by the dialing of the digit “5”
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and are rotated into engag\,ment with the first
set of bank contacts in thé fifth level when the
final digit “1” is dialed. If the control con-
ductor C881 has ground potential applied thereto,
indicating that the associated trunk line is busy,
the calling subscriber receives the busy tone sig-
nal and releases the connection in the usual man-
ner. However, if the control conductor C331 has
battery potential applied thereto, indicating that
the associated trunk line isidle, the connection is
switched through and sighaling takes place in the
manner previously described. When the conver-
sation is completed and the subscribers replace
the handsets upon the associated hook or cradle
of . their respective telephone instruments, the
‘connection is released in the same manner as has
been described hereinbefore.

The arrangement of the group P. B, X trunk
lines extending to the trunk circuits 3'!0 need
not be confined to the corresponding contact sets
in the tenth and fifth levels of the connector
batik as is shown in the drawings, and may, for
example, be connected to bank contact sets in one
level, if ten or less trunks are provided in a group
of P. B. X trunks; or, if it is anticipated that the
future growth of P, B. X trunk lines in a group
will ultimately exceed ten trunks, it may be ad-
visable to connect five trunks of the group to the
first five bank contact sets in the tenth level and
tHe remaining five trunks to the first five bank
contact sets in the fifth level. Additional trunks
may then be added to any vacant bank contact
sets in either the tenth or fifth levels, or fo vacant
pank contact sets in both levels. It should be
understood, however, that it is not essential that
corresponding bank contact sets in the tenth and
fiftn levels terminate trunk lines of the P. B. X
group of trunks. As a modification of the con-
nector illustrated, it mey be of some advantage
to space the sets of wipers on the wiper shaft
(hot shown) one or more step or levels apart in-
stead of five levels apart as is illustrated. ¥or
example, the lower wiper set, comprising wipers

322, 328, 326 and 227 may be spaced one step or
level apart from the corresponding upper Wwiper
set comprising wipers 328, 321, 324 and 325. With
this arrangement, when the upper wiper set is
in engagement with the bank contacts in the
tenth level, the lower wiper set will be in engage-
ment with corresponding bank contacts in the
hinth level, it being understood that with this
- spacing arrangement of the upper and lower
" wiper sets the trunk lines of the P. B, X group
_of trunk lines are to be connected to hank contact
sets in the ninth and tenth levels instead of the
fifth and tenth levels as is iliustrated in the
drawings.

While the present invention has been described
in relation to a connector switch in a telephone
system, it is understood that the invention may
be applied to various other switches in other
stages of a telephone or switching sysitem and
that various modifications may be made therein,
and it is intended to cover in the appended claims
‘all such modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1, In a telephone system, an automatic switch
comprising a contact bank having contacts ar-
ranged in levels, two sets of wipers operable by
'said switch to make contact simultaneously with
the contacts in two of said levels, a group of trunk

“lines terminated upon contacts in said two levels,
_.a.plurality of individual lines terminated upon
contacts intersbersed with the cohtacts upon
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which said first-mentionéd lines terminate, and
means including said wipers for successively test-
inig the busy condition of said trunk lines of said
two levels.

. 9. In a telephone system including separate
lines extending to individual substations and a
group of trunk lines extending to another ex-
change, an automatic switch comprising a con-
tact bank terminating said lines, said contacts
being arranged in levels, said swiich having two
sets of wipers adapted to enggge simultaneously
contacts in two of said levels, means for auto-
matically moving said wipers progressively over

" said contacts in search of an idle trunk lineé when
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a3 call is thade t6 another exchange and thereby
testing the corresponding contacts in the two

.levels for busy condition aiternately, and means

for directively moving said wipers to any desired
contacts in said bank when a call is made to a
substation or to a particular-trunk line.

3. In a telephone system, an autcmatic switch
having two sets of wipers, a contact bank having
contacts arranged in two levels, each level com-
prising a plurality of similarly arranged contacts,
a group of trunk lines divided into two subgroups,
the trunk lines of cne subgroup terminating upon
contacts of one of the said levels and the trunk
lines of the other of said subgroups terminating
upon contacts of the other of said levels, individ-
val lnes terminsting upon contacts of the sald
two levels, said contacts terminating said indi-
vidual lines being commingled among said con-
tacts terminating trunk lines of sald group,
means for operating said switch to-position one
of said sets of wipers into engagement with the
contacts of one of said levels terminating the first
trunk of said group and simultaneously to posi-
tion. the cther of said sets of wipers into engage-
ment with the contacts of the other of said levels,
and means in said switch for advancing the wiper

sets over the successive contacts in said two levels

to test the idle or busy condition of only the con-
tacts in both levels terminaing said subgroups

- of trunk lines.

4. Tn a telephone system, a plurality of trunk
lines,” an automatic switch comprising a contact
bank and a plurality of wipers, said contact bank
comprising a plurality of contacis arranged in
horizontal levels, certain of said contacts being
adapted to be engaged simultanecusly by a plu-
rality of said wipers, a Dplurality of felephone
lines, a first set of said contacts terminating a
single telephone line, a second set of said con-
tacts being contacts upon which nho line termi-
nates, a group of said contacts including con-
tacts in two of said levels of contacts terminat-
ing a group of said trunk lines, said first and sec-
ond sets of said contacts being disposed between
said contacts of said group of contacts, means for
designating the contacts associated with busy
jines as busy and for designating the contacts as-
sociated with idle lines as idle, means controlled
by said switch for operating said wipers to make
contact with said contacts to test the busy or
idie condition of each of the associated trunk
lines, means for testing the corresponding con-
tacts in said levels sequentially before the wipers
are operated by said switch to test the next sue-
ceeding contacts in the group, and means in said
switch for controlling said wipers to pass over
said first and second sets of contacts regardless
of their busy or idle condition.

5. In a telephone system, a selecting sWwitch

ompnsmg 4 contact Bahk having coutacts ar-
vanged in g plurslity of levels, & group of truiik



2,419,282

21
lines terminating upon contacts in two of said
levels, individual lines terminating upon other
contacts in said two levels, two sets of contact
wipers included .in said selecting switch opera-
‘ble to engage successively the contacts in the said
two levels, and means in said switch for estab-
lishing connections with trunk lines in said group
over either one of said wiper sets and for estab-
lishing connections with said individual lines over
a particular one of said wiper sets.

6. In a telephone system, a selecting switch
comprising a contact bank having contacts ar-
ranged in a plurality of levels, each level includ-
ing sets of contacts, a group of trunk lines ter-
minating upon some of the contacts in two of
said levels, a first individual line terminating upon
-a set of contacts in a first level of said two levels,
-a second individual line terminating upon a set
of ‘contacts in a second level of said two levels,
a first and a second set of wipers included in said
selecting switch directively controlled and ar-
ranged to pass over contacts terminating said
trunk lines in said two levels and operative to
select the contact set in said first level termi-
nating said first individual line by said first set
of wipers, and means controlled in. said switch
for moving only said first set of wipers over said
second level of said two levels of contacts and
operative to select the set of contacts in said
second level terminating said second individual
line, .

7. In a telephone system, a calling line, g final
selecting switch having access to groups of trunk
lines and to telephone lines, said switch includ-
ing a contact bank having a plurality of con-
tacts arranged in levels, a group of trunk lines ter-
minating upon contacts in two of said levels, said
trunk lines normally marked as idle, means for
individually marking said lines as busy when
seized, said switch including a plurality of wiper
sets, means in said switch for Positioning said
wiper sets into engagement with the contacts in
sald two levels and for selecting an idle trunk
line in said group, means for controlling said
last-mentioned means thereby to position one of
said wiper sets into engagement with the contacts
of either one of said levels terminating a particu-
lar trunk line in said group, means for seizing
the selected particular trunk line in the event it
is idle, and means for transmitting a busy sig-
nal in the event said particular trunk is marked
busy unless said selected particular trunk is the
first trunk in said group. . o

8..In a telephone system, an automatic switch
comprising a contact bank having contacts ar-
ranged in levels, two sets of wipers operable by
said switch to make contact simultaneously with
the contacts in two of said levels, g group of
lines terminated upon corresponding contacts in
said two levels, means including said wipers for
testing the busy condition of lines terminating
at corresponding contacts in said two levels al-
ternately, and automatic means for progressive-
ly advancing said wipers over the contacts of
said levels regardless of the position of said lines
in said levels until a contact terminating a non-
busy line is encountered.

9. In a telephone system, an automatic switch
comprising a contact bank having contacts ar-
ranged in levels, two sets of wipers operable by
said switch to make contact simultaneously with
the contacts in two of said levels, a group of lines,
certain of said lines terminated at contacts in one
of said levels, certain other of said lines ter-
minated at contacts in the other of saig levels,
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vacant contacts In both of said levels interspersed
between some of the contacts terminating said
lines, means for testing the busy condition of
lines in said two'levels, and means for progres-
sively advancing said wipers over busy and va-
cant contacts of said two levels whether or not
said lines terminated at contacts of said levels
are in corresponding contact positions of said
levels. ‘

10. In a telephone system, a final selecting
switch comprising a contact bank, said contact
bank including a control section and a line sec-
tion, each of said sections including a plurality
of contacts arranged in levels, said selecting
switch having sets of wipers operative to engage
in unison the contacts in a plurality of levels
in each section, a group of trunk lines each hav-
ing control and line conductors terminating upon
contacts in a plurality of levels respectively ‘in
said control and line sections, 3 plurality of in-
dividual telephone lines each having control and
line conductors terminated upon contacts inter-
spersed with the contacts in the levels which
terminate said trunk Iines, vacant contacts in
the levels terminating said trunk lines, means in
said switch for positioning said wipers upon the
first contacts in said levelg terminating said group
of trunk lines and for automatically advancing
said wipers over contacts associated with busy
trunk lines, busy or idle individual telephone iines,
and vacant contacts, and means in said switch
for causing one of said sets of wipers o selec-
tively engage with contacts associated with an

‘idle trunk line,

11, In a telephone system, a fina] selecting
switch comprising a contact bank, said contact
bank including & control section and a line sec-
tion, each of said sections including a plurality
of contacts arranged in levels, said selecting
switch having sets of wipers operative to engage
in unison the contacts in a plurality of levels
in each section, a group of trunk lines each hav-
ing control and line conductors terminating upon
contacts in' a plurality of levels respectively in
sald control and line sections, a plurality of in-
dividual telephone lines each having control and
line conductors terminated upon contacts which
are intermixed with the contacts in the levels
which terminate said trunk lines, vacant con-
tacts intermixed with the contactg in the levels
terminating said telephone lines and said trunk
lines, means in said switch for positioning said
sets of wipers upon the first contacts in said lev-
els terminating said group of trunk lines, means
for thereafter automatically advancing said sets
of wipers over contacts terminating busy trunk
lines, busy or idle individual telephone lines, and
vacant contacts, and means in said switch for
terminating the automatic advancement of said
wiper sets and for causing one of said wiper sets
selectively to engage the contacts associated with
the first idle trunk line in said group.

12, In a telephone system, a calling line, a final
selecting switch having access to groups of trunk
lines and to telephone lines, said selecting switch
including a contact bank having a plurality of
contacts arranged in levels, a group of trunk
lines terminating upon some of the contacts in
two of said levels, telephone lines terminating
upon some of the other contacts in said two lev-
els, vacant contacts in said two levels, said trunk
lines and telephone lines normally marked as idle,
means for individually marking said lines as
busy when seized, said selecting switch including
& plurality of wiper sets operative to select the
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contacts in said two levels, means in'said select-
ing switch for.directively positioning one of said
wiper -sets upen the first contacts of ;said levels
terminating the first “trunk in said group of
trunk lines, means for thereafter -automatically
advancing said plurality of wiper sets over con-
tacts in said levels terminating busy trunk lines,
busy or idle telephone lines, and vacant.contacts,
and means in said switch controlled -when the
contacts terminating the last trunk-in said group
is encountered by one of said wiper sets and
found busy for terminating further advancement
of said wiper sets and for transmitting a busy
signal to indicate that all of the trunks in said
two levels are busy.

13. In a telephone system, a rotary connector
switch including two sets of wipers and an as-
sociated contact bank, a group of lines accessible
to said sets of wipers in two levels of said bank,
each line having a regular and a special test con-
tact in said bank, means for directively operating
said switch to select a particular one of the lines
in said group over one set of said wipers, and
means in said switch controlled over said regular
and said special test - contacts of the selected
line and effective to cause said switch to search
for an idle line alternately in said two levels only
in the event the selected line is the first line of
said group.

14. In a telephone system, a switch having two
sets of wipers, each set of wipers including a
regular and a special test wiper, a group of trunk
lines, each line having test contacts accessible
to @ regular test wiper of one of said sets of wip-
ers, means for operating said switch to posi-
tion the first set of said wipers into engagement
wtih a first trunk line in said group and for si-
‘multanecusly positioning the second set of said
wipers into engagement with a gecond trunk line
of said group, automatic means in said switch
controlled over said regular and special test wip-
ers of the first set of wipers for starting said
sets of wipers rotating in search of an idle line
if said first trunk line is found busy, and means
controlled over the special test wiper of the sec-
‘ond set of wipers for preventing the actual ro-
tation of said sets of wipers in the event said
second trunk line in said group is found to be
idle.

15. In a rotary connector, two sets of wipers,
each set including a test wiper, a test relay for
each set of ‘wipers, a step relay, means for oper-
ating said switch to position the wipers thereof
into engagement with two trunk lines of a group
of trunk lines, means for completing a test cir-
cuit including one of said test wipers and one of
said test relays thereby ‘to test the idle or busy
‘condition of one of said {runk lines, means for
operating said step relay, means. controlled by
said step relay for completing a stepping circuit
thereby to advance said sets of wipers to search
for an idle trunk line in said group, and means
controlled by said step relay for disconnecting
said test circuit from said first test wiper and
for completing a test circuit for said second test
wiper and its associated test relay thereby to
determine the idle or busy condition of said sec-
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ond trunk line before said sets of wipers are ads
vanced by said stepping circuit. . .

16. Tn a rotary connector, two sets of wipers,
each set including a test wiper, a test relay for
each set of wipers, a switch relay for both sets
of wipers, a step relay, means for operating said
switch to position the wipers thereof into en-
gagement with two {runk lines of a group of
trunk_lines, means for completing a test circuit
ircluding one of said test wipers and one of said
test relays thereby to test the idle or busy con-
dition of one of said trunk lines, means for op-
erating said step relay, means controlled by said
step relay for completing a stepping circuit
thereby to advance said sets of wipers to search
for an idle trunk line in said group, means con-
trolled by said step relay for disconnecting said
test circuit from said first test wiper and for con-
necting a test circuit for said second test wiper
and its associated test relay thereby to deter-
mine the idle or busy condition of said second
trunk line before said sets of wipers are ad-
vanced by said stepping circuit, and means con-
trolled by said test relays for operating said
switch relay thereby to establish a connection in-
cluding either of said sets of wipers and an idle
trunk line in said group.

17. In 2 telephone system, an automatic switeh
having a first and a second sef of wipers, means
for moving said wiper sets simultaneously, & plu-
rality of levels of contacts available to said first
wiper set, certain of said plurality of levels of
contacts available to said second wiper set after
they have become available to said first wiper
set, a group of trunk lines, said trunk lines ter-
minating at certain contacts in at least two of said
levels, certain other of said contacts in said two
levels being unwired and commingled with said
contacts terminating said trunk lines, means for
operating said wiper moving means to directively
operate said first wiper set into engagement with
the contacts terminating any particular one of
said trunk lines in either level, means controlled
in the event said first wiper set is directively op-
erated into engagement with the contacts of a
1evel terminating the first trunk line in said group
for causing said first and said second wiper sets
to sequentially test for an idle trunk line in said
levels, and meansg for automatically advancing
said wiper sets over the contacts of said levels
in the event said first and said second wiper sets
encounter either busy trunk lines or said unwired
contacts in said levels, )
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