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ABSTRACT OF THE DISCLOSURE

A centralized telephone switching system wusing auto-
matic switching apparatus for completing direct inward
dialed calls from local or distant subscriber stations to a
plurality of PABX groups, each having a plurality of sub-
scribers and a plurality of attendant positions, and to
regular central office non-group subscribers. An incoming
connection to a called PABX subscriber is established
over a direct inward dialing trunk circuit and switch train,
with a marking corresponding to the group identity of
the called subscriber being returned back over the switch
train to the trunk circuit. A call transfer circuit is taken
into use in response to receipt of a call forwarding signal
initiated by the called subscriber, with a group discrimi-
nating circuit controlled by the group identity marking
to allow the transfer circuit to establish a transfer con-
nection only to another subscriber, or attendant, of the
same group identity. The call may be consecutively trans-
ferred to any number of other subscribers, or an at-
tendant position, having the same group identity by using
additional transfer circuits. Time division multiplex sig-
nalling apparatus is provided for controlling the establish-
ing of all transfer connections over a single conductor in
the switch train by an attendant, an originally called sub-
scriber and a subscriber to whom the original call was
transferred or retransferred. The time division signalling
apparatus is also used in one instance for signalling the
attendant of an incoming call and the type, or class, of
service; and in anocther instance for transmitting “camp-
on-busy” or “busy-cut-in” signals under control of the
attendant.

This invention relates to telephone switching systems
in general and more particularly to improved automatic
switching arrangements for establishing direct inward
dialed conpections to stations in a telephone exchange
area. The term “stations,” as used in this specification,
broadly encompasses telephone users receiving direct in-
ward dialed calls originated locaily or from distant points
in a nationwide telephone system. These stations may in-
clude substations and attendants of private automatic
branch exchange (PABX) groups and, optionally, a
group or groups of regular stations in a telephone ex-
change area.

In the past it has been customary to supply separate
PABX switching equipment for setting up direct inward
and dialed and transfer calis to PABX substations of each
customer group. Generally speaking, the switching equip-
ment was located on the PABX customer’s premises and
interconnected with the central exchange switch trains by
trunk lines to which outsiders were connected when mak-
ing calls to the PABX substations. When inward dialed
calls would not be completed automatically, in the pre-
ferred manner, facilities were provided for routing the
incompleted calls to an attendant, who would then man-
nally complete the call to the desired substation.

As an alternative measure to the above mentioned tech-
nique of using individual PABX switching arrangement,
it has been proposed to centralize the switching equip-
ment in the central telephone office. This results in im-
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proved switch maintenance and it facilitates a more
economical use of the switch gear in providing telephone
services to stations in a rapidly changing community area.
Such a community area may include a member of private
branch ' exchange customer groups. In this centralized
arrangement, it is advantageous to terminate PABX sub-
stations at the central office in the manner of regular com-
munity area stations, that is on line relay equipment ter-
minating line conductors from standard subsets. As a part
of this switching plan, each station group of a different
class of service, namely the regular stations and the
PABX stations, had their own register and marker equip-
ment. The register and marker equipment of each PABX
group included provisions for counting and storing dialed
digits, thereby distinguishing between calls to be permitted
or denied. A switching plan of this nature is relatively
complex and, generally speaking, is confined to situations
where the concentrated switching equipment is located in
the central office.

The above mentioned changes taking place in a com-
munity area may not have been anticipated in the plan-
ning of the trunking and the layout of equipment in the
central telephone office serving that area. For instance
the area may be newly developed and include buildings
housing private branch exchange customer groups as well
as regular telephone customers, either business or resi-
dential.

Tt is therefore an object of this invention to provide an
improved automatic telephone switching system with an
arrangement permitting direct inward dialed and related
telephone calls to telephone stations regardless of whether
the concentrated- switching equipment is located in the
central office or at a distant point from the central office.
Such a distant point may be at the PABX customer’s
premises.

Tn view of what has been said above, it is a further
object of this invention to provide a unitary system for
establishing direct inward dialed calls to groups of tele-
phone stations including a plurality of groups of private
automatic branch substations and, optionally, a group of
regular stations. And furthermore, the switching equip-
ment may be located either in the central exchange office
or at the community area. .

1t is also an object of this invention to provide a direct
inward dialing switching system suited to the assignment
of substations numbers on a decimal ibasis. In such a sys-
tem, station assignments are made in blocks of 100 accord-
ing to the ranks of the switch train. That is in groups of
100, 1000, etc.

Accordingly, another object of the invention is to pro-
vide a switching system wherein the last rank of the
switch train used in completing direct inward dialed calls
to private automatic branch exchange substations can be
shared for local group telephone service.

1t is also an object of this invention to permit private
branch exchange substations, reached by direct inward
dialing call methods, to control the establishment of call-
forwarding connections to other substations of that PABX
group, thereby minimizing the number of attendant com-
pleted calls.

A further object of this invention is to provide in a
switching system an arrangement whereby stations of any
group, which may also include the regular exchange
group, are prevented from establishing transfer connec-
fions to stations of other groups served by the switching
system.

A principal feature of the invention relates to a cen-
tralized switching system with improved circuit arrange-
ments for the establishment of inward dialed connections
to groups of stations, facilities being provided whereby
the stations of some of these groups may set up transfer
connections to other stations in their own group. ' :
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One of the features of the invention relates to the pro-
vision of group identification facilities, marked in the
setting up of the inward dialed connections, for confining
the establishment of PABX substation-originated transfer
connections to substations of the identified’ group. This
.- may apply to successive transfers of a given call, when

. required.

Another feature of the invention relates to an arrange-
ment wherein, on inward dialed calls, the trunk circuit is
originally “transparent” and the connector “split.” Sub-
sequently this condition is reversed, that is, the trunk
circuit is split and the connector rendered transparent. In
this fashion, pulse repetition in the setting up of inward
dialed and transfer connections is avoided, and transmis-
sion between the parties of a call improved.

Yet, because of the above-mentioned retermination of
the called loop in the trunk circuit, back dialing of transfer
signals by a called substation is facilitated.

In the embodiment described, on an inward dialed call
to-a station, a two-step relay in the trunk circuit is op-
erated to its first step, upon answering by the called sub-
station, to forward a signal causing the connector to
switch the called station loop physically through to the
trunk circuit. The relay is then operated to its second posi-
tion to complete the connection of the called station—be
it a PABX substation or a regular central office station—
to a split battery feed in the trunk circuit,

A further feature of the invention relates to circuit ar-
rangements wherein the last-mentioned regular central
office stations, although switched through to the trumk
circuit split battery feed, are kept from effecting call trans-
fers of any sort. This is automatically brought about by
the aforementioned marked group identification facilities
which prevent seizure of the call-forwarding equipment on
such calls. .

Another feature of the invention relates to a circnit
arrangement wherein answer supervision is returned by
the trunk circuit on inward dialed calls to stations but is
- prevented on PABX group number calls (“listed number
calls”) until the call has been answered by an attendant.
A ringing signal is returned to the calling party until
the call has been answered by the attendant.

A further feature of the invention is in the trunk cir-
cuit arrangement whereby directory listed number calls to
a PABX group are automatically routed over a call-for-
warding switch train to an attendant of that group. Dis-
crimination between listed number calls.and calls to sta-
tions is effected according to the duration of the answer
supervisory signal returned by the connector to the trunk
circuit. After this the switch train between the trunk cir-
cuit and the listed number trunk, as well as the last-men-
tioned trunk itself are released. A listed number trunk re-
turning a momentary answering supervisory signal has
been disclosed in U.S. Patent 3,033,938 issued to J ohn S.
Young on May 8, 1962, :

Timing means are also provided in the direct inward
trunk circuit to prevent substation-originated transfer sig-
nals from affecting supervision to the outside caller, and to
prevent response to a transfer signal if the called party
fumbles the handset when answering the call.

A still further feature of the invention relates to a
flexible switching arrangement wherein use is made of the
novel time division signaling facilities disclosed in the co-
pending U.S. Patent. application - Ser. No. 295,098 of
Robert M., Schildgen and John 8. Young filed July 15,
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to PABX substations by the attendant or the originally
called substations. This technique is also used in controll-
ing the establishment of all call-forwarding connections
thereafter originated by a substation to whom the original
call was transferred, or re-transferred. In this manner a
considerable number of these controls can be executed
over the same conductor, for example an extra-control
-conductor, of the switching equipment in question. Time
division signals, assigned in different recurring time slots
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to identify the particular station group preferable are also
employed for enabling, or denying, the establishment of
station-originated connections according to the matching,
or mismatch, or corresponding signal output terminals of
the time division power supply. -

A feature of the invention relates to provisions in the
inward dialing trunk circuit or a two step relay controlled
both in the establishment of inward dialed calls and in the
case of automatic forwarding of listed number calls to the
attendant. On inward dialed calls the relay is operated to
the first step, and is permitted to operate to its second
step in response only to the receipt of a dialed-back digit
greater than 1 to forward the. call to the attendant. If, on
the other hand, the digit 1 is dialed the relay cannot
operate to its second step and this permits seizure of the
“transfer link” and the remainder of the switch train
used in forwarding the call to a substation. It may be
mentioned at this point that such forwarding may be
elected for purposes of a consultation, of a limited or
3-party conference (the originating substation dials a digit
after the other substation has answered) or a transfer (the
originating substation disconnects), )

According to another feature of the invention, the
physical connections from called substations to the inward
dialing trunk circuit are automatically extended to the
switches successively seized in the forwardly of a call to
another substation; after the call has been answered, the
connections are re-terminated in the battery feed relay on
the calling side of the transfer link used in the forwarding
connection. . . :

It is this battery feed relay which responds to a digit-

* dialed by the first substation for automatically causing the

outside party to be connected into a limited conference
with both substations. On the other hand, disconnection
of the above-mentioned first substation causes the transfer
link to automatically forward a signal to the connector
switch used in the forwarding (transfer) connection there-
by physicaly switching through the second-called substa-~
tion loop to the aforementioned battery feed relay in the
inward dialing trunk circuit. This conditions the trunk
circuit for the receipt of transfer.initiating signals by the
second-called substation. ’ :

According to another feature of the invention the call
forwarding ararngement described herein, the second-
called PABX substation is enabled to in turn establish a
forwarding cal to a further substation, namely by seizing
a second transfer link in addition to the one over which
the second-called substation received the -call.

A further feature of the invention relates to a call dis-
tribution arrangement wherein trunk circuit seizure of
equipment for forwarding initiated substation and listed
number calls to an attendant of an identified group de-
pends upon the availability of an idle circnit for terminat-
ing the call.

More particularly, the call-forwarding equipment in-
cludes group start circuits, one for each substation group
which are connected to all trunk circuits, and the above-.
mentioned seizure of the call-forwarding equipment is
made dependent upon return to the trunk circuit from the
start circuit of the identified group of a marking ground
indicating an open gate for receiving the call being for-
warded.

In the embodiment of the invention described herein,
the call-forwarding equipment further includes a con-
centrator link allotter seized by the start circuit, each said
concentrator link including a trunk finder and position
finder. A rotary switch forming part of this allotter is
caused to automatically search for an idle attendant’s po-
sition of the group in question. The switch provides a mark-
ing of the attendant’s position on the banks of the position
finder switches. : -

The above-mentioned rotary switch is also instrumental
in marking the trunk circuit used in this call on the banks
of the trunk finder switches according to a marking po-
tential extended through the group identification circuit,
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The concentrator link allotter also has a second rofary
switch for selecting an idle concentrator link. This last-
mentioned switch has rotary switch bank levels through
which controls are effective for causing the position finder
and trunk finder of the selected link to find the above-men-
tioned finder bank markings.

According to a further feature of the invention, the
above-mentioned time division signaling technique is used
to signal a call and also the type of call, for example a
listed number call or a transfer call, before the attendant.
The attendant, in completing the last-mentioned call, op-
erates a “dial-in” key and thereby automatically seizes
a transfer link in preparation for the transmission to said
link of dial impulses for the purpose of forwarding the
connection to the desired substation. These are the same
transfer links that are used by substations in transferring
calls to other substations. The above time division signal-
ing arrangement brings about seizure of the above-men-
tioned “transfer link” under the control of the attendant.

The concentrator link is released by attendant opera-
tion of a “trunk release” key. Following this release the
connection is completed between the outside party and the
substations last called over the transfer link.

If the attendant is unable to complete a call because
the called line is busy, she can momentarily operate a
“signal” key and cause the connector switch reached over
the transfer link to “camp-on” the busy line. If the key
is operated the second time, the connector is caused to
“cut-in” on the busy line.

The time division signaling technique referred to above
is also instrumental in the transmission under the attend-
ant’s conmtrol, of the foregoing “camp-on” or “cut-in”
signals.

Further features of the invention relate to the particu-
lar arrangements of the elements thereof, whereby, the
above-outlined and additional operating features are at-
tained.

The invention, both as to its organization and method
of operation, together with further objects and advantages
thereof, will best be understood by reference to the fol-
lowing detailed description of a preferred embodiment,
taken in conjunction with the accompanying drawings.
These drawings, FIGURES 1 to 13 inclusive, show, by
means of the usual circuit diagrams, a sufficient amount
of apparatus to enable the invention to be described and
understood.

FIG. 1 shows the schematic diagram of an illustrative
example of a system according to the invention. The left
hand portion of FIG. 1 shows a direct inward dialing
trunk circuit 200 terminating incoming connections from
auntomatic switching equipment, which may be incoming
fifth selectors and banks, or two-conductor repeaters, in
a ceniral office of a nationwide telephone systems not
shown. The operation of the inward dialing trunk circuit
is the same in either case, therefore, the switching equip-
ment shown on the FIGURE 1 can be located in the central
office or at an outlying location. The inward trunk circuit
is connected to a succeeding rank of automatic switching
equipment, such as an incoming fifth selector 506, respon-
sive to direct dialed impulses to set up connections to
switch-through connectors 506, 515 for establishing calls
to central office stations, substations of PABX groups, or
to listed number trunks 516 all as shown at the right hand
portion of FIG. 1. The regular subsets used at these sta-
tions and substations are connected to subscriber lines
terminated on line circuits at the switching equipment.
The incoming fifth selector switches, shown at the upper
portion of FIG. 1, have group identification marking con-
ductors extending to the group identification circuit 619
at the left of FIG. 1, shown as a portion of the direct
inward dialing trunk circuit. The upper block portion of
FIG. 1 shows first call-forwarding equipment, here and
after referred to as transfer links 100, each including a
transfer relay group 493 connected, on the left, to a trans-
fer-finder 491, and on the right to a transfer-selector 509.
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6

The transfer-selector switches have banks connected in
multiple with the banks of the incoming fifth selectors and
therefore have access to the switch-through connectors for
establishing calls to stations except as hereafter described.
Above the transfer line there is shown a transfer link al-
lotter 492, with an allotter switch for allotting an idle trans-
fer finder to find the inward dialing trunk circuit request-
ing service. The remainder of the main body of FIG. 1
shows the second call-forwarding equipment hereafter re-
ferred to as concentrator links 110 for forwarding listed
number and substation-controlled calls to the attendant
1000. The attendant may extend these calls to a substa-
tion by dialing back over the concentrator link 110 and the
inward dialing trunk circuit 200 into a transfer link 100
which in turn gives access to the switch-through connec-
tors 515.

In the case of listed number calls or of calls to be for-
warded by a PABX substation to an attendant which calls
will be described in detail herein below, a gating arrange-
ment in the respective customer start circuit 620 permits
the inward dialing trunk circuit to seize a concentrator
link, if an attendant’s position circuit 900 of the PABX
customer group signals the availability of an idle terminat-
ing circuit 808. In that event, the concentrator link al-
lotter 720 assigns an idle concentrator link 110, each com-
prising back to back a trunk finder 730 and a position
finder 758, to provide a clear path from the inward trunk
circuit to the terminating circuit, and hence to the at-
tendant. As shown in detail in FIG. 7, vertical bank mark-
ings to the position finder and the trunk finder switches
are applied over the banks of rotary switch 7MM of al-
lotter 720. Each bank level of the position finder gives
access to the terminating circuits of a separate attendant
position. As shown more particularly in FIG. 11 the al-
lotted trunk finder switches, as a matter of first choice,
search for marked trunk circuits in the lower levels of the
finder bank but will be automatically caused to search
in the upper half of the bank if necessary. Having switched
through the connections between the inward dialing trunk
circuit and the attendant, the trunk finder and position
finder become locally held for the duration of the call.

As mentioned above, the attendant may further extend
these calls, that is; listed number calls or substation-con-
trolled calls, by way of the terminating circuit, and the
concentrator link used, to the inward dialing trunk cir-
cuit, and thence through a transfer link and a -switch-
through connector to a desired substation. The group
identification circuit portion 610, of the inward dialing
trunk circuit 200 insures that the connection will be es-
tablished only to substations in the group served by the
particular attendant.

FIGS. 2 to 10 inclusive show the circuits of the equip-
ment uvnits illustrated in the schematic diagram, FIG. 1,
in detail. More particularly, FIGS. 2 and 3 combined show
the inward dialing trunk circuit details and connections
with other equipment units.

FIG. 4 shows the switching arrangements of transfer
links whereby calls originated by PABX substations and
attendants are completed to other substations of a group.

FIG. 5 shows the arrangements of switch-trains for ob-
taining access to groups of stations or to a listed number
trunk in the case of calls directed to a PABX group at-
tendant,

FIG. 6 shows in detail the circuit wherein the group
identity of an inward dialed call is stored for the identifi-
cation of all calls subsequently originated by stations or
attendants for some reason. The figure also shows por-
tions of a start circuit, individual to each PABX customer
group, arranged upon seizure by the trunk circuit on a
listed number call to initiate the forwarding of the call to
an attendant of the identified customer.

FIG. 7 illustrates concentrator type call forwarding
equipment comprising an allotter controlling the opera-
tions of position finders and trunk finders to provide a
direct link between an identified trunk circuit and the



3,333,062

7

corresponding PABX attendant being free to handle the
listed number or substation controlled transfer call of
the trunk circuit. :

FIG. 8 shows the circuit-elements required for termi-
nating the above-mentioned direct link paths from the
identified trunk circuit establishing calls to the attendant.

FIG. 9 illustrates portions of the attendant’s position
circuit connected to other units of the call forwarding
equipment.

FIG. 10 shows turret equipment whereby an attendant
receives and/or completes inward dialed calls which re-
quire personal attention.

FIG. 11 schematically shows the call distribution ar-
rangement involving the concentrator link allotter 720 and
concentrator link groups 110, A and B, each serving a
different group of trunks and position equipment with
preference. .

FIG. 12 schematically shows the time division multi-
plex arrangements used herein for remote control of the
operation of various electromechanical relays over a sin-
gle conductor according to the principles of the above-
mentioned copending patent application. Closure of a
“send” contact at either end of the EC conductor between
predetermined circuits of the present system enables a
discrete time -ground (TG) signal to be repetitively trans-
mitted over an extra (EC) conductor through the wind-
ing of a “receive” relay to the respective time battery
(TB) potential. The corresponding receiving relay is,
thereby, caused to operate and it may, if desired, become
locally held by another winding.

FIG. 13 is a diagram showing the relative arrangement
- of FIGS. 2 to 10 inclusive.

Detailed operational descriptions will now follow.

Direct inward dialed calls to substations of a PABX
customer group

This section of the operational description relates to
switching arrangements involved in the establishment of
direct inward dialed calls, from local or distant stations,
to stations with assigned numbers in a block of 1000
numbers. Particularly, this section relates to switching
arrangements whereby inward dialed connections are es-
tablished to substations of several PABX customer
groups. Of the seven digit directory number assigned to
the PABX substation, the last four digits, for example,
#2322,” are significant to the description according to the
embodiment of the invention. Impulses of the first digit,
“2,” set up an access, over the incoming conductors, —,
-+ to the DID trunk circuit 200 FIG. 2, and to the in-
coming fifth selector switch 500, FIG. 5, digit “3” im-
pulses step the selector wipers 501 to level “3” to seize the
idle connector switch 515, and impulses of the remaining
digits “22” cause the connector switch to step its wipers
to bank terminal connections of the desired substation of
the PABX customer group.

The above-mentioned access to the trunk circuit ex-
tends a dialing loop, not shown, via the incoming con-
nection to the incoming fifth selector switch impulsing
relay A, not shown, over a physical path traced from —
and + conductors of FIG. 2 to back contacts 3 and 4
of relay 2RVS, back contacts 1 and 3 of relay 2AT, back
contacts 1 and 2 of relay 2SP, over physical conductors
—SW and +SW in FIG. 3 to the incoming fifth selector
switch -500. The incoming selector: is seized and returns
ground over the CSW conductor to the trunk circuit FIG.
.3 by way of back contacts 4 of relay 3P to the upper
winding of relay 3CM. Relay 3CM operates. Ground is
also extended back to the incoming C lead for guarding
the trunk circuit 200 against other seizures. The group
(300) of the seized connector is identified when the se-
lector 500 steps its wipers to level “3” at which time the
right normal post springs 503 operate and close a path
for ground marking through make contacts 504 to the B1
conductor extending from FIG. 5 to the group identifica-
tion circuit 610 of FIG. 6. This marking ground causes
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8 -
relay 6CU2 to operate and identify the customer group
1, corresponding to the “300” connector group of the
called substation. Relay 6CU2 operated closes a holding
path to the trunk circuit 200 through its make contacts 6
over the LK conductor traced back through the trunk cir-
cuit to the CSW lead on which ground is standing as has
been described above. This holding ground path is traced
from the CSW conductor back contacts 6 of relays 2RVS,
FIG. 2, through the back contacts 1 of relay 2A and over
the LK conductor to the group identification relay-6CU2.
Obviously the group identification of the PABX customer
no longer depends upon the right normal post springs
503, as operated relay 6CU2 opens the Bl conductor
marking path.

As mentioned above, the wipers of connector switch
515 now engage bank contacts “22” and ringing ‘current
is transmitted to the called PABX substation. In a well
known manner, the connector switch returns reverse bat-
tery signals over the —SW and 4-SW conductors to the
trunk circuit 200 when the called substation answers.
This reverse battery signal is detected by relay 2SP in the
trunk circuit. Relay 2SP operates in the path -traced
through back contacts 1 and 2 of relay 3SW, make con-
tacts 1, 2 and 3 of relay 3CM, back contacts 1 and 2 of
relay 2RVS. This path also includes blocking diodes 2D1
and 2D2 in series with the upper and lower windings of
relay 2SP respectively. To the left of these diodes shown
on drawing FIG. 2 is a voltage divider arrangement con-
sisting of resistors 2R1, 2R2, and 2R3 connected between
battery and ground. This voltage divider and diode ar-
rangement insures that relay 2SP will not respond to
impulsing on the —SW._and +SW conductors of FIG. 3
but will be operated by reverse battery from the connector
when the called substation answers. Relay 2SP operated,
transfers, at its make contacts 1 and 2, the incoming con-
ductors from a physical connection previously including
the incoming selector 560 and connector switch 515 to the
upper and lower windings of relay 2A of the trunk circuit
200. Relay 2A operates. When relay 2A operates its make.
before break contact 1, the guarding ground to the incom- .
ing C conductor and the holding ground over the LK Jead
to the group identification relay 6CU2 no longer depends
upon the CSW conductor from the incoming first selector
switch 500, as ground is applied at make contacts 1 of
relay 2A. Back contacts 3 of relay 2A open a resistor
shunting path across capacitor 2CAS, while make con-
tacts 2 complete a path traced through the make con-
tacts 5 of relay 2SP to a divided circuit, one directly to the
upper winding of relay 2RV, the other being to the diode
2D6, capacitor 2CAS, and the lower winding of relay
2RV. Capacitor 2CA5 becomes charged, The charging
current through the lower winding of rélay. 2RV opposes
the operating current through the upper winding of relay
2RV. Because of this opposed current condition relay
2RV is slow to operate. With relay 2A operated and relay
2RV not yet operated, a closed path extends from ground
through make contact 1 of relay 2A, back contacts 10
of relay 3K, back contacts 2 of relay 2RV, make contacts
5§ of relay 2A, resistor 2R5 and the lower winding of re-
lay 2AT to battery. Because of this resistance path relay
2AT operates only to its “X” contacts, thereby closing its
holding path through make “X8” contacts. Relay 2AT is
thereby preenergized for faster operation to its second step
should the substation initiate a call to an attendant 1000.
In this type of direct inward dialed.call the connector

- switch 515 returns reverse battery for a prolonged period

70

75

of time enabling trunk circuit relay 2SP to remain op-
erated. The effects of the ‘current through the upper wind-
ing of relay 2RV prevail over the chargitig current through
the lower winding, causing relay 2RV to operate, Slow
operating relay 2RVS then operates through the make
contacts 1 of relay 2RV. Make before break contacts 3
and 4 of operated relay 2RVS complete direct connections
from the battery feed relay 2A to the incoming — and +-
conductors before opening the previously described op-
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erating path for the relay 2A. Relay 2RVS operated also
closes its make contacts 6 to complete a path from the
ground on the CSW conductor of FIG. 3 through make
contact 3 of relay 2SP FIG. 2 to the resistor 3R6 and
the lower winding of relay 3SW in FIG. 3. Through this
resistor path relay 3SW operates its “X” contacts only.
Relay 3SW operated to the first of its two step positions
completes a path for passage of a switching signal from
the direct inward dialing trunk circuit 200 to the con-
nector switch 515, In the present embodiment of the
invention the switching signal is booster battery trans-
mitted over the path traced from BB and the make comn-
tacts 4 of relay 2SP through the “X” contacts 5 of relay
3SW to the CSW conductor of FIG. 3 through the corre-
sponding conductor of the incoming fifth selector 500 to
the connector switch 515. In response to this switching sig-
nal the connector switch disconnects the called PABX
substation’s loop from the battery feed in the connector
switch. Before tracing a path from the called loop to the
replacement battery feed relay 2E, in the trunk circuit,
certain relay operations in the trumk circuit should now
be described. It is recalled that relay 2RVS has operated
and its back contacts 1 and 2 have removed the battery
and ground potentials from the voltage divider and diode
arrangements connected 4o relay 2SP, and also that due to
the switching through of the connector 515 neither normal
battery or reverse battery potentials are on the —SW and
+SW conductors FIG. 3 of the path traced to the upper
and lower windings of trunk circuit relay 2SP FIG. 2.
Because these windings are no longer energized, relay
2SP restores. Relay 2SP restored closes a path for the op-
eration of relay 3SW to its second step position, that is
fully operated. This path is traced from the ground on the
CSW conductor of FIG. 3 through make contacts 3 of re-
lay 3SW to the back contacts of relay 2SP and the lower
winding of relay 3SW to battery. Relay 3SW, being now
fully operated, closes the path for the called substation
loop traced as a loop on the — and - conductors of the
incoming selector switch 560 of FIG. 5 extending back
over the —SW, +SW conductors to the trunk circuit FIG.
3 where the path continues through make contacts 1 and
2 of the relay 3SW, and the back contacts 1 and 2 of
relay 2TR to the upper and lower windings of relay 2E
FIG. 2. Relay 2B operates and is the called-party side
battery feed split to the calling-party side battery feed
relay 2A by way of capacitors 2CA1 and 2CA2. Operated
relay 2E closes its make contacts 1 and establishes a path
for the operation of relay 3B. Operated relay 3B closes a
path for the holding of relay 2RV. This path is traced from
ground through make contacts 2 of relay 2A, make con-
tacts 2 of relay 3SB, and the upper winding of relay 2RV
to battery.

In summation, called REFERENCE A, the foliowing
relays are in an operated condition: FIG. 2, relays 2RV,
2RVS, 2A, 2E, and 2AT to its “X” contacts; FIG. 3, re-
lays 3CM, 3SW, and relay 3B; and in FIG. 6, relay 6CU2.

Direct inward dialed PABX substation establishes con-
nections to a second substation

As mentioned above, the called PABX substation may
call other substations in group 1 for comsultation pur-
poses. Another section of this specification will be de-
voted to the case in which the called PABX substation es-
tablishes a connection to the attendant 1600(1). In the
case of the call to be described, the first substation party
dials the prefix “1” plus the local directory number of the
other party for example the abbreviated number may then
be “1323.”

With relays operated as listed in “reference A,” it is
known that dialing of the prefix “1” causes relay 2E of the
trunk circuit 200 to restore and later to reoperate. Relay
2E restored closes a path for the operation of the slow
releasing relay 2C. This path is from ground at make con-
tacts 2 of relay 2A, back contact 1 relay 2E, back contacts
9 relay 3K, make contact 5 relay 3B, FIG. 3, and through
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10

the upper winding of relay 2C to battery. With relay 2E
teoperated and relay 2C not yet released a path is closed
whereby relay 2TR operates to its “X” contacts. This
path is from ground through make contacts 2 of relay 24,
make contact 1 of relay 2E, back contacts 6 and 11 of
relay 3K, make contact 4 of relay 2C and then over the
TRD Conductor of FIG. 3 extending to the similar con-
ductor in FIG. 6 where the path passes through back
contacts 7 of relay 6CU3 to conductor TRG extending to
FIG. 3, through the back contact 6 of relay 3P and the
upper winding of relay 2TR to battery. Relay 2C operated
has opened the transmission path, at its back contacts 1
and 2, and thereby prevented the prefix digit impulses
from affecting the incoming connections to the trunk
circuit. A guarding path is provided for holding relay 2TR
operated to its “X” contacts before relay 2C restores its
back contacts 3 to set a marking on the vertical bank not
shown of the transfer finder switch 491. This path ex-
tends from ground at make contacts 2 of relay 2A
through make contact 2 of relay 3B to the left through
back contacts 4 of relay 2AT, back contact 3 of relay
2TR, and “X4” contacts of the same relay to make con-
tacts 3 of relay 3B and the upper winding of relay 3P in
series with the upper winding of relay 2TR to battery.
This series holding path enables relay 3P to operate.
Operated relay 3P opens its back contacts 4 and allows
relay 3CM to release. Relay 3P operated makes a contact
transfer at its make contacts number 6 as will be referred
to in a later section of the specification covering the con-
sultation or transfer of calls to the attendant 1890(1). In
that case station-controlled impulsing of relay 2E by dig-
ital impulses greater than “1,” for instance the digit “0,”
also causes relay 3P to operate and through its make con-
tact 6 to complete a path for the full operation of relay
2AT.

As mentioned above, relay 2C is released, thereby set-
ting up a marking path to the transfer link finder 491
vertical bank, FIG. 4, not shown and in a manner not
shown, to the transfer link allotter 492 shown above. This
marking path is from ground at make contact 2 of relay
2A through make contacts 2 of relay 3B, back contact
4 of relay 2AT to relay 2TR back contact 3 and “X4”
make contacts, through back contact 3 of relay 2C to the
SIM marking conductor extending to the vertical bank
and alloter of the FIG. 4. Briefly described, the allotter
causes an idle transfer finder switch to find the inward
dialing trunk circuit 200 about to make a consultation cali
to another PABX substation. After finding this trunk
circuit, relay 402 of the transfer finder becomes operated
and switches through the transmission impulsing and con-
trol conductors to succeeding circuits of the transfer link
100. The originally called PABX substation having its
loop connected physically to the —SW and -SW con-
ductors of FIG. 3 to the battery feed and impulsing relay
2F of FIG. 2 was also connected to the conductors —TN
and TN of FIG. 3 to the bank contacts 404 of the trans-
fer finder switch 491, FIG. 4. Operation of the relay 402
in the finder switch extends the —TN and 4+ TN conductor
loop to the — and -+ conductors and through contacts of
the transfer relay group 493 to the tramsfer selector
switch 509, where the loop terminates in a battery feed
inpulsing relay not shown in FIG. 5. This loop impulsing
path is partially traced as extending through back con-
tacts 1 and 2 of relay 4TA, back contacts 3 and 4 of relay
4TS, and the back contacts 1 and 2 of relay 4TD to the
—L and +L conductors extending to the impulsing relay
of the selector switch. Loop seizure of the impulsing relay
causes the selector switch to return ground over the C
conductor in the normal manner and cause relay 4CC
of the transfer relay group 493 to operate. This operating
path is through the back contacts 3 of relay 4BS, back
contact 1 of relay 4CF, back contacts 4 of relay 4S,
then the winding of relay 4CC to battery. Operated relay
4CC returns a ground through its make contact 1 to hold
relay 402 of the transfer finder switch 491 operated.
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Operated relay 4CC also closes its make contact 3 for
applying ground on the H conductor extending back
through its finder switch to the C conductor of the trunk
circuit 200, FIG. 3, further traced through the “X7” make
- contacts. of relay 2TR and its lower winding to battery.

-Closure of this path causes relay 2TR of the trunk
circuit. to become fully operated to its second step.
Operated relay 2TR closes a holding path through its
make contacts 8 and the lower winding of relay 3B which
had been previously operated. In addition to providing
.a ground through its make contacts 6 for the holding of
relay 2RV, operated relay 2TR' opens its back contacts
1 and 2 and removes battery feed relay 2E from the
called PABX substation’s loop. It is obvious that only
the impulsing relay of the transfer selector switch 509, is
now directly connected to the called PABX substation.
- Relay 2E restored also permits relay 3B of the trunk cir-
cuit 200 to restore.

At this point in the operation of setting up the so
called consultation call the selector switch returns dial
tone and is ready to accept the remaining digital impulses
of the called number, that is “323”, As a matter of refer-
ence, known as REFERENCE B, the following relays
are in an operated condition: FIG. 2, relay 2RV, 2RVS,
2A, relay 2AT to its “X” contacts, relay 2TR; FIG. 3, re-
lay 38W, and 3P; FIG. 4, relay 4CC; and in FIG., 6, te-
lay 6CU2.

It is recalled that the originally dialed substation, now
making the consultation call, was in the PABX customer
group number 1 and permitted to make calls only to
other substations within the same group. Upon hearing
dial tone, he dials the digit “3” of the c¢all number and
causes the selector switch 599, FIG. 5, to step to the third
level at which the right normal post springs 512 operate
make contacts 513. Closure of contacts 513 completes a
path by which unique time division signals transmitted
over a single conductor cause electromechanical relays
to operate and thereby. control the operation of other
circuits. The present signaling application follows the
general principles typically shown in FIG. 12 in that con-
tacts 513 correspond to the “send” contacts and relay
519 corresponds to the “receive” relay. Furthermore time
division signals are transmitted over the EC conductor
path between the time ground outputs TG2 and the time
battery outputs TB2. For the call being described, the
path is traced from the group identification circuit 610
signaling terminal TG2 through the diode 6D4, make

. contacts 5 of relay 6CU2, the back contacts 5§ of relay
6CU3, back contacts 2 of relay 60N, back contacts 1 of
relay 6LB, over the EC2 conductor extending by way of
the trunk circuit 200, FIG. 3, to the corresponding EC2
conductor in the transfer finder 491, FIG. 4, through con-
tacts of relay 402 to conductor EC extending to the trans-
fer relay group 493, further through back contacts 6 of
relay 48, back contacts 2 of relay 40N, extending over
the EC conductor into the transfer selector circuit 509
and other equipment, not shown, to the upper winding of
relay 519, and make contacts 513 of the right normal post
springs to the signaling terminal output TB2 assigned to
customer group number 1. Since no change has occurred
in the relay 6CU2 in the identification circuit associated
with the trunk circuit, it is obvious that identification in-

telligence has been transmitted to the selector switch for -

verifying that the present call is being directed to the
same PABX customer group 1. Had the selector switch

been dialed to other levels, either one or both of the

-normal post springs 511, 512 could have been operated
but relay 519 would not operate because of a mismatch
between the output terminals of the signaling arrangement.
In the case of the call being described, relay 519 operates
and extends the calling substation loop to an idle switch-
through type connector 515, FIG. 5. Upon switch-through
of the transfer selector 509, ground is returned over the
ON lead to relay 40N of the-transfer relay group, FIG. 4,
Relay 40N operates and closes a time division signaling

12
path traced from terminal TGS through the diode 4D7

- and ‘make contacts 2 of relay 40N, back contacts 6 of
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relay 4S, over the EC conductor of the transfer finder
switch 491 to the EC2 conductor traced through FIG. 3
to the group identification circuit 610, FIG. 6, back con-
tacts 1 of relay 6LB, back contacts 2 of relay 60N,
through the lower winding of relay 60N and the diode -
6D1 to the TB5 terminal. Relay 60N operates to the
first of its two positions closes its “X” contacts, thereby
closing make contacts 1 to the ONL conductor extending
back through the trunk circuit to the ground which caused
relay 2TR to fully operate through its lower winding..
Fully operated relay 60N closes its make contacts 2 and
completes a path between the EC2 conductor and the
EC3 conductor of the identification circuit and also dis-
connects the path over which the signaling relay 519 in
the transfer selector switch 509 was operated. It is under-
stood that relay 519 remains operated over a locally com-
pleted circuit path, not shown. The connector switch 515
is ready to receive the last two impulsing digits “23” of
the abbreviated call number “1323.” In a known manner
the connector rings the called second substration and
ringing is cut off when the substation party answers the
call. Having answered the call, reverse battery is returred
through the selector banks and wipers 510 and the —L
and L conductors of the transfer relay group 493, caus-
ing relay 4TA to operate throngh diode 4D1, by way of
make contacts 5 on relay 4CC previously operated. Re-
lay 4TA performs two functions, first, through its make
contacts 1 and 2 a physical loop circuit is established
from the first PABX substation to a battery feed relay 4A,
in the relay group 493 and second the winding in the path
through the diode 4D1 provides a holding path for the
PABX connector impulsing relay not shown. Operated
relay 4TA closes its make contacts 9 to relay 4TS. Relay
4TS operates its make contact 1 and closes a holding
ground over the C1 conductor to the transfer finder switch
491. Operated relay 4A closes its make contacts 1 to re-
lay 4B. A path is now conditioned for the operation of
relay 4S to the first of its two step positions and there-
by closes its “X” contacts. This path is traced from ground
standing on the C conductor of the transfer relay group
493 through make contact 1 of relay 4B operated, make
contact 4, relay 4TA, and through the resistor 4R1 and
the lower winding of 4S to battery. Relay 4S operated
only to its “X” contacts is prepared for the closure of a
path by which booster battery, for instance; at the relay
group 493 can cause the connector switch 515 to be made
switch-through. Relay 4B operated closes its make con-
tacts. 6 and 7 in preparation for the operation of relay
4BS, which operate from make contact 5. Make contact
§ also provides a holding ground to the H conductor ex-
tending to the trunk circuit 200 since back contact 3 of
relay 4BS now being operated will open the path to relay
4CC which had previously been described as operated.
At this time relay 4A of FIG. 4 is a battery feed to the
calling PABX substation, the D relay, not shown, in the
connector switch 515 provides battery feed to the called
substation; and voice transmission between these substa-
tions is by way of capacitors 4C1 and 4C2 of the trans-
fer relay group, of FIG. 4. This is a local conversation
path between the PABX substations, as it will be recalled
that relay 2TR, fully operated, has operated its back con-
tacts 1 and 2 and disconnected the transmission path to
the originator of the inward dialed call. :
As a point of reference for the following description,
REFERENCE C, the following relays are in an operated
condition: FIGURE 2, relays 2RV, 2RVS, 2A, 2AT to its
*X” contacts, and 2TR; FIGURE 3, relays 3SW, 3T, and
3P; FIGURE 4, relays 4BS, 4A, 4TA, 4B, 4TS, 4S to its
“X” contacts and 40N; FIGURE 6, relays 60N, and
6CU2. : '
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Limited conference call between first and second PABX
substations and the originator of the did call

The first-called substation engaged in the above-men-
tioned consultation call, may call in the outside party
for a 3 way limited conference. He controls the setting
up of a conference connection by merely dialing the digit
«1,” thereby causing relay 4A of the relay group 493
to fall back momentarily and close a path from ground
through back contact 2, make contact 4 of relay 4BS,
make contact 5 of relay 4TA and through the winding of
4CF to battery. Relay 4CF operates. Operated relay 4CF
closes its make contacts 4 for a path from signaling out-
put TG3 through diode 4D4, over the EC conductor
switched-through to the EC2 conductor FIG. 3, which is
closed by the group identification circuit 610 of FIG. 6
to the EC3 conductor extending back through the trunk
circuit 200 back contacts 11 of relay 2AT, FIG. 2, the
lower winding of relay 3CM, FIG. 3 and the diode 3D2
to terminal TB3. Relay 3CM operates to the first of its
two positions and thereby closes its “X” contacts. This
closes a path from ground through make contacts 9 of
relay 2TR, make contacts “X6” of relay 3CM, and the
upper winding thereof to battery. Relay 3CM is thereby
fully operated, closing its make contacts 4 and 5 for
completing the transmission path to the trunk circuit 200
incoming conductors and the outside party who originated
the direct inward dial call.

The second-called substation takes over the direct inward
dialed call

The first-called PABX substation, having set up the
consultation and conference connections as described
above, may relinguish control over the direct inward
dialed call by merely replacing his handset. This causes
battery feed relay 4A of the transfer relay group 493 to
restore. Relay 4A restored opens the path to relay 4B,
causing relay 4B also to restore. Relay 4B restored closes
a path for forwarding a switch-through signal, booster
battery for example, from the relay group to the switch-
through connector 515, FIG. 5. This path is from booster
battery through make contacts 3 of relay 4TA, make
contacts 1 of relay 4S, back contacts 2 of the same relay,
back contacts 1 of relay 4B to the C conductor extending
through the transfer-selector switch 509 to the relays,
not shown, in the switch-through connector 515. This
booster battery signal causes the connector to switch the
second-called PABX substation loop of the connector
through the transfer-selector switch to the —L and J-L
conductors of the transfer relay group, FIG. 4. Relay
4TA responds to this dry loop condition and restores its
contacts. Relay 4S, previously operated to its “X” con-
tacts, fully operates from the ground on the C lead of
the relay group 493, over a path through “X3” contacts
of relay 4S, back contacts 4 of restored relay 4TA, and
the lower winding of relay 4S to battery. Make contacts
5 of relay 4S provide a holding ground for the transfer-
finder switch 491. Release of relay 4B removes holding
ground from the H and C conductor path extending to

relays 2TR, FIG. 2, and relay 60N, FIG. 6. These relays

restore. Relay 2TR restored closes its back contacts 1
and 2 and sets up a closed path to relay 2E in the trunk
circuit 200 from the loop path of the second-called sub-
station taking over this call. Relay 2E reoperated, thereby
causing relay 3B to operate as has been previously de-
scribed, is now the battery feed and impulsing relay for
the second-called PABX substation who may set up
further transfer calls. Operated relay 3B closes make con-
tacts 6 in a path traced from terminal TGS, the EC2
conductor connected with the EC conductor of the trans-
fer relay group, FIG. 4, through make contacts 6 of relay
48, make contacts 4 of relay 40N and through the lower
winding of relay 4LH to terminal TBS8. Relay 4LH re-
mains operated through this winding after relay 4TS has
opened the path through the upper winding. Operated
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relay 4LH closes its make contacts 1in a ground holding
path for relay 4S and the C conductor extending to re-
lays, not shown, in the comnector switch. From what has
been said above, it is obvious that.the following relays
will now restore: Relays 3CM, 3SW, 3T, 3P, 4B, and
4TS; also relay 60N of the group identification circuit,
FIG. 6. The incoming fifth selector switch 500 and the
switch-through connector 515 in FIG. 5, used in establish-
ing the original inward dialed call, are no longer in use
and will release.

As a reference, REFERENCE D, for the following call
about to be described, the relays in operated condition
are listed as following: FIG. 2, relay 2RV, 2RVS, 2A,
2E, 2AT to its “X” contacts; FIG. 3, relay 3B; FIG. 4,
relay 4S fully operated, 4LH, and relay 40N; FIG. 6.
relay 6CU2.

The second PABX substation establishes connections to
a third substation

In the course of the conversation with the outside
party, the second PABX substation may call another
substation referred to as the “third” substation, for con-
sultation purposes.

This section of the specification points to the use of
two transfer link 100 switch trains, each including a
transfer relay group 493, for establishing this consulta-
tion call. The first of the two trains is presently engaged
in the call as just described, and the second transfer link
100 will be seized when the second PABX substation
dials the prefix digit “1.” Ir this case the abbreviated call
number is the prefix digit “1” plus a local directory num-
ber “324” of the party desired.

On the basis of the above “reference D” listing the re-
lays operated at this time, it is obvious that the dialing
of the prefix “1” causes relay 2E of trunk circuit 260
to restore and later to reoperate. Relay 2E restored closes
a path for the operation of the slow releasing relay 2C.
This path is traced from ground at make contacts 2 of
relay 2A, back contacts 1 of relay 2E, back contacts 9
of relay 3K, make contacts 5 of relay 3B, FIG. 3, and
through the upper winding of relay TC to battery. With
relay 2E reoperated and relay 2C not yet released a path
is closed whereby relay 2TR operates to its “X” contacts.
This path is from ground through make contacts 2 of
relay 2A, make contacts 1 of relay 2E, back contacts 6
and 11 of relay 3K, make contacts 4 of relay 2C, over
the TRD lead of FIG. 3 extending to a similar lead in
FIG. 6 where the path passes through back contacts 7
of relay 6CU3 to lead TRG, FIG. 3, through the back
contacts 6 of relay 3P, and the upper winding of relay
2TR to battery. It is obvious that relay 2C operated has
opened the transmission path to the outside party at its
back contacts 1 and 2 and thereby prevented the prefix
digit impulses from affecting the incoming connections
to the trunk circuit 200. Before relay 2C restores its con-

“tacts, and particularly contact number 3, to set a marking

on the vertical bank, not shown, of the transfer finder
switch 491, FIG. 4, a guarding path is provided for hold-
ing relay 2TR operated to its “X” contacts. This path ex-
tends from ground at make contacts 2 of relay 2A through
make contacts of relay 3B to the left through back con-
tacts 4 of relay 2AT, back contacts 3 of relay 2TR and
the “X4” contacts of the same relay to make contacts 3
of relay 3B, and the upper winding of relay 3P in series
with the upper winding of relay 2TR to battery. This
series holding path through relay 3P causes relay 3P to

. operate. Operated relay 3P makes a contact transfer at

its back and make contact 6 as will be referred to in a
later section of this specification dealing with the con-
sultation or transfer of calls to the attendant 1000(1).
In that case the station controlled impulsing of relay 2E
by digital impulses greater than “1,” for instance the

" digit “0,” also operates relay 3P and through its make

contacts 6 completes a path for the operation of relay
2AT in the trunk circuit 200.
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Restored relay 2C sets up a marking circuit to the
transfer finder vertical bank, FIG. 4, and to the allotter
circuit 492 shown on the drawing below the transfer
finder 491. This marking path is from ground at make
contacts 2 of relay 2A through make contacts 2 of relay
3B, back contacts 4 of relay 2AT, relay 2TR back con-
tacts 3 and 4, through back contacts 3 of relay 2C to the
SLM marking conductor extending to the vertical bank
and “allotter of FIG. 4. Described briefly, the allotter
causes an idle transfer finder switch to search for the
vertical bank marking and also the inward dialing trunk
circuit 200 -engaged in making this. consultation call by
~way of the first mentioned transfer link 100 switch train
which had established the connection to the second PABX
substation. It is recalled that the first transfer-finder switch
491 was held operated from the ground. through’ make
contacts 5 of relay 4S over the C1 conductor extending
back by way of make contacts 403 of the finder switch
and the winding of relay 402 to battery. This holding
arrangement of the first transfer-finder switch permits its
banks and wipers to be used in setting up the consulta-
tion call being described. After finding this trunk circuit,
relay 402 of the second transfer-finder switch 491 operate
-and switches through the transmission impulsing and con-
trol conductors from the first transfer-finder bank mul-
tiples 404 of FIG. 4 extending through the second trans-
fer relay group 493 to the second transfer-selector switch
599-of FIG. 5 and its impulsing relay not shown. In re-
sponse to seizure of the impulsing relay, the second selec-
tor switch returns a guarding ground on the C lead, FIG.
4, to the second relay group, thereby causing relay 4CC
to operate over an obvious path. Relay 4CC operated
closes its make contacts 1 for holding the second finder
switch relay 402 operated. As in the case of the first
described consultation call, relay 4CC operated closes
its make contacts 3 and causes relay 2TR of the trunk
circuit 200 to become operated through its “X” contact
7. It is obvious that the operating ground path causing
the operation of relay 2TR can also be traced back
through the group identification circuit 610 of FIG. 6
and specifically the ONL conductor. Fully operated relay
2TR disconnects relay 2E from the previously described
path extending back to the second PABX substation
loop, disconnects the marking ground to the transfer-
finder switch banks, 404, and also provides a holding
~ground for relay 3P of the trunk circuit,
" . The relays in an operated condition are summarized,
REFERENCE E, as follows: FIG. 2, relays 2RV, 2RVS,
2A, 2AT to its “X” contacts, and 2TR fully operated;
FIG. 3, relay 3P; FIG. 4, first transfer relay group, relays
48, 4LH, and 40N; FIG. 4, second transfer relay group,
Telay 4CC; and FIG. 6, relay 6CU2. At this point in the
establishment of the consultation call, the second transfer-
selector switch 509 returns dial tone and is ready to accept
digital impulses of the called number, that is “324.” The
group identification and time division signaling techniques
now effected as the second PABX substation controls the

establishment of the consuitation call connections, by way

of the first and second switch trains, to the third substation
of that PABX group 1 is generally the same as described
above, This refers to the portion of the operational de-
scription following the “REFERENCE B” listing of oper-
ated relays in the section relating to the establishment
of the first consultation call connections from the first
PABX substation to the second substation.

Upon establishment of the present: consultation call,
the relays in operated condition and listed, as REFER-
ENCE F, according to figures of the drawings are as

follows: FIG. 2, relay 2RV, 2RVS, 2A, 2AT to its “X”.

contacts, and 2TR; FIG. 3, relay 3P; FIG. 4 first trans-
fer relay group, relays 4S, 4LH, and 4ON; FIG. 4 second
transfer relay group, relays 4BS, 4A, 4TA, 4B, 4TS, 4S,
to its “X” contacts, and 40N; FIG. 6, relays 60N, and
6CU2.
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The third-called substation disconnects from the
consultation call

The third-called substation party, engaged in consulta-
tion with the second substation party, may restore his
handset and thereby release the connector by which he
was called. Connector switch 515, FIG. 5, restored re-
moves the battery feed by which the relay 4TA of the
second transfer relay group 493 had remained operated.
The second transfer-selector switch and relays are now
restored and ground is removed from the ON conductor
back to the relay group, thereby causing relay 4ON to also
restore. From what has been said above in regard to
the holding paths for the transfer relay group and
the transfer finder switch, it is obvious that relays 4BS,
4A, 4B, 4TS, and 48, of the second transfer relay group
now restore, as well as the second transfer switch, FIG.
4. Relay 4B restored opens its make contacts 5 and re-
moves the holding ground which permits relay 2TR of the
trunk circuit 200, FIG. 2, and relay 60N of the identifica-
tion circuit 618, of FIG. 6 to restore. Relay 2TR restored
reconnects relay 2E to the path previously traced to the
second PABX substation loop. Relay 3B, FIG. 3, of the
trunk circuit reoperates, but relay 3P restores.

At this time the relays in an operated condition are
summarized, REFERENCE G, as follows: FIG. 2, relays
2RV, 2RVS, 2A, 2E, 2AT to its “X” contacts; FIG. 3,
relay 3B; FIG. 4, first transfer relay group, relays 4S, 4LH,
and 40N; FIG. 6, relay 6CU2.

-Alttomwtically forwarding a directory listed number call

to a PABX attendant

This portion of the specification relates to call forward-
ing arrangements, in the switching system serving groups
of private branch exchanges, wherein the inward dialed
connection set up to a PABX group directory number,
and terminating in a listed number trunk 516 rather than
to individual substation numbers of the PABX, auto--
matically forwards the call to an idle attendant 1090(1)
of the PABX group 1 selected. Of the seven digit direc-
tory number listed, the last four digits, such as “2325,”
are significant to the description according to the em-
bodiment of this invention. This number represents the
PABX group, that is customer group number 1, of the
inward ‘dialed substation called by abbreviated number
“2322” according to the description in the forepart of
this specification. It is found that upon dialing the last
two digits “22,” the connector switch 515, FIG. 5, estab-

“lished connections with the called PABX substation,

while in the present case the last digits “25” will cause the
connection to terminate on the listed number trunk circuit
516, FIG. 5. Upon seizure of the listed number trunk
reverse battery is returned to the calling connection for
a period of time less than.for the inward dialed call to
the substation. In view of the above, is evident that the
inward dialing and PABX group marking techniques-
already described in detail in connection with the estab-
lishment of a call to a substation also applies to the listed
number call. The present description will therefore diverge
from the point at which “relay 2SP operated, transfers etc.”
A recapitulation of the relays in an operated condition is
as follows: FIG. 2, relay 2SP; FIG. 3, relay 3CM; FIG.
6, relay 6CU2. .
Relay 2SP operated, transfers, at its make contacts 1
and 2, the incoming conductors from a physical connec-
tion through the incoming selector 500 to a connector
switch 515 to the upper and lower winding of relay 2A of
the trunk circuit 200. Relay 2A operates. It is obvious that
relay 2A provides normal polarity battery feed through
its windings to the incoming connection conductors until
relay 2RV operates to reverse the polarity and provide
answer supervision to the incoming connection. As in the .
case of the previous description of an inward dialed call,
relay 2A operated closes its make contacts 2 and opens
its break contacts 3 and sets up a divided circuit condition
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whereby the charging current of capacitor 2CAS through
the lower winding of relay 2RV opposes the current
through its upper winding. A path is also closed so that
relay 2AT operates to its “X” contacts as previously traced.
In the case of the present listed number call being de-
scribed listed mumber trunk circuit 516 of FIG. 5 now
removes reverse battery from the path traced back to
the relay 2SP of the trunk circuit 200, FIG. 2, thereby
allowing relay 2SP to restore. Restored relay 2SP opens
its make contacts 5 and thereby prevents relay 2RV from
operating through its upper winding. Relay 2SP restored
opens its make contacts 1 and 2 and thereby permits re-
lay 2A to also restore. Restored relay 2A closes a path
by which relay 2AT becomes fully operated to its second
position. This path is traced from the ground back from
the incoming switch train over the CSW conductor of
FIG. 3 extending back to FIG. 2 through back contact
6 of relay 2RVS, back contact 1 of relay 24, back con-
tact 10 of relay 3K, extending to back contact 2 of relay
2RV, back contact 5 of relay 24, through the thermal
element device 2TR1, diode 2D5 make “X” contacts 10
of relay 2AT and through the lower winding of that relay
to battery. After a period of time characteristic of the
thermal element 2TR1, relay 2AT becomes fully operated.
Operated relay 2AT closes its make contacts 1, 2 and 3,
and thereby closing the paths over which relay 2A is
again operated, and another path by which ringback fone
is returned to the party making this listed number call.
The trunk circnit 200 is now conditioned for forwarding
the inward dialed call to the PABX attendant of customer
group number 1 only as the group identification relay
"6CU2, identifying that group, Temains operated over the
LK conductor extending to the trunk circuit.

As an interjection at this point in the description of the
listed number call, all attendants of customer group num-
ber 1 may be engaged in other calls and therefore unable
to accept the call being made. In other words the gating
circuit arrangement with the customer start circuit would
be closed, that is relay 6GC of the customer start circuit
620, FIG. 6, would remain operated and hold its contacts
2 and 3 open. When an attendant’s position 900(1) of
this group became idle and could accept this call relay
6GC would restore and close a path by which relay 3GT,
FIG. 3 of the trunk circunit 200 operated. This closed path
is traced from ground through back contacts 2 of relay
6GC over the GT conductor through make contacts 4 of
relay 6CU2 of the identification circuit 610, back contact
4 of relay 6CU3, the GT conductor extending to the trunk
circuit, FIG. 3 where it continues through back contacts
4 of relay 3GT, back contact 5 of relay 3CO, make con-
tact 5 of relay 2AT, and through the winding of relay
3GT to battery. Relay 3GT operates, and remains tem-
porarily held through its make contacts 4. Tts make con-
tact 3 closes an operating path over the GP conductor ex-
tending through the group identification circuit, FIG. 6,
to the customer start circuit relay 6ST. Operated relay
6ST closes its make contacts 1 for a path over the M con-
ductor to the link allotter 720, contacts 704 through other
equipment, not shown, back contact 711 of relay 710 and
through the rotary magnet winding 7TMM, FIG. 7 to bat-
tery. Interrupter contact 709 of the rotary switch co-
operate with the relay 710 and its back contacts 711 in
such a way that the rotary switch steps until it finds the
position circuit 900(1) of the attendant 1000(1) free to
accept this call. This position circuit is found at the point
on rotary switch level A at which a path is closed from
the ground at make contact 3 of relay 65T, FIG. 6 over
the N conductor extending through the winding of relay
703 of the link allotter 720, FIG. 7, other equipment not
shown, through the A level bank and wiper set to the H
conductor extending to the position circuit of FIG. 9,
where the path continues through break contacts 1 of
relay 9PBA, over the PB conductor back to the customer
start circuit, FIG. 6, through make contacts 4 of relay
6ST and resistor 601 to battery. Relay 703 of the link al-
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Iotter, FIG. 7 operates and opens its contacts 704 to open
the self interrupting circuit to the rotary switch 7MM.
Having found the idle attendant’s position circuit, one of
the four assigned to customer group number 1 in this
case, the rotary switch wipers come to rest in the position
shown in the link allotter, FIG. 7. Ground potential
through other equipment, not shown, extends through
level C wiper and bank contacts to the PM conductor ex-
tending to the position finder 750 through the lower wind-
ing of relay 713 to the vertical bank contact 702 thereby
providing a marking at the bank levels at which the posi-
tion finder switch can establish connections from the
trunk circuit 200 to the position circuit 980(1). Rotary
switch level D extends a ground through other equipment
not shown over the TM conductor extending back through
the group identification circuit 610, FIG. 6 to the similar
conductor in the trunk circuit, FIG. 3 where it passes
through make contacts 2 of relay 3GT, now operated, to
the vertical bank conductor VB, and to the trunk finder
730 vertical bank contact 714. Having marked the vertical
bank level multiples of the position finder and trunk finder
equipment, as described above, the link allotter 720 allots
an idle position finder 750 and an idle trunk finder 730 to
find these markings respectively. The link allotter con-
trols the operation of the rotary switch 7MM1 so that its
levels A1 and B1 become associated with the allotted trunk
finder and position finder switches, respectively. The posi-
tion finder switch steps vertically under the control of the
position finder control circuit 715 until the vertical bank
wiper associated with conductor 700 engages contact 702.
At this time a circuit for relay 713 of the position finder
switch is completed over a path traced from the marking
ground on vertical bank contact 702 over the conductor
700 extending through the position finder control relays
and the Bl level of the rotary switch 7MM1 to other
equipment not shown to battery. Relay 713 operated
controls a rotary hunting operation of the position finder
until an idle terminating circuit 800(1) of FIG. 8 is found
on that level. As mentioned above, the link allotter con-
trols the operation of the trunk finder causing it to step
vertically until its vertical bank wiper comes to rest on
the marking contact 714 and closes a path further traced
through the conductor 786, the lower winding of relay
712 to the link allotter rotary level A1, other equipment,
not shown, to battery. Relay 712 controls a rotary hunt-
ing operation of the trunk finder 730 until a switch be-
comes associated through its bank contacts and wipers
707 with the trunk circuit 200, forwarding this listed num-
ber call to the attendant 1000 (1). With their finding opera-
tions completed the position-finder and the trunk-finder
form a call-forwarding concentrator link 110 directly con-
necting the terminating circuit 860, FIG. 8 to the inward
dialing trunk circuit 200, FIG. 3, by way of conductors
—F, +F, CF and EC. The switch through link completes
a path over which relay 8LB of the terminating circuit
now operates. This path is traced from the link allotter
720, FIG. 7, by way of rotary bank F traced from ground
through other equipment, not shown, extending over the
RM conductor through the group identification circuit
610, FIG. 6 to the trunk circuit 200 with the same con-
ductor extending through make contact 1 of relay 3GT
operated, the upper winding of relay 3CO, make contact
4 of relay 2A operated, to the CF conductor extending
through the link path to the terminating circuit $00(1) in
FIG. 8 by way of back contacts 2 of relay 8AN and the
lower winding of relay 8LB to battery. Operated relay
8LB closes its make contacts 4 for a path traced from
battery through other equipment, not shown, back con-
tact 7 of relay 8AN, make contact 4 of relay 8LB, back
contact 2 of relay CS1, back contact 3 of relay CS2, to
the CS1 conductor extending to the turret equipment
1000(1), specifically lamp 1070 to ground which indicates
that this is a listed number call being forwarded to the
attendant. Operated relay 8LB also closes a path for a
time division signal which indicates to the attendant the
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terminating circuit over which this listed .number call
will be received. This closed path is traced from the TG1
terminal in the trunk circuit 208, FIG. 2, through diode
2D7, make contact 7 of relay 2AT fully operated, make
contact 6 of relay 3CO, FIG. 3, to the EC conductor ex-
tending through the concentrator link 110 to the termi-
nating circuit 800(1), FIG. 8, conductor EC, through
make contact 2 of relay 8LB operated, to the winding of
relay 8SP1, diode 8D4, to the time division signal output
terminal TB1. Relay 8SP1 operates. Operated relay 8SP1
closes its make contacts 1, completing a path to the source
lamp 1030 at the attendant turret 1008(1). The attendant
thereby knows that the listed number call in progress will
be received at that terminating circuit.

The attendant answers this call by momentarily depress-
ing the terminating circuit key and thereby cause a trans-
mission path to be set up between herself and the calling
party. The depressed key closes its make contacts 1010,
FIG. 10, of a path traced from ground through the upper
winding of relay 8K of the terminating circuit, FIG. 8
to the KO conductor extending to the position circuit
900(1) through the winding of relay 9KB to battery.
Both relays operate, and in the case of relay 8K a hold-
ing path is traced from battery through the lower winding
and its make contact 6, through the back contacts 3 of
relay 8TR, back contact 6 of relay 8HD, over the KL
conductor extending to back contacts of relay 9KB, now
released, through back contacts 1 of relay 9RIL, and the
normally operated make contacts 1 of relay 9BF to
ground. Relay 8K held operated, closes a path to make
contact 7 for the operation of relay- 8AN through make
contact 3-of operated relay 8LB. Operated relay 8K closes
its make contacts 10 to maintain the path of the listed
number lamp circuit so that the attendant is reminded that
a listed number call is in progress. Relay 8AN operated

closes its holding path through the make contacts §, and
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relay 8LB by way of ground over the back contact 1 of
relay 8TR. The holding ground through the make con-
- tact 5 of relay 8AN also is returned over the “X4” con-
tacts of that relay to the CF conductor extending throngh
the concentrator link 110 to the trunk circuit 200 over a
path previously traced through relay 3CO of the trunk
circuit fof holding relay 3CO operated through its make
contacts 4 and S the lower winding-to battery. Operated
relay 3CO opens the back contacts 5 in the operating path
for relay 3GT, thereby permitting it to release its contacts
and sever connections with the customer start circuit
620(1), FIG. 6, and the link allotter 720, FIG. 7. Return-
ing briefly to the terminating circuit, FIG. 8, relay 8K
operated closes its make contacts 1 and 2 and completes a
path, through the windings of repeat coil RC connected by
resistor 9R2, in the position circuit 900(1), FIG. 9, over
which relay 3K, FIG. 3, in the direct inward dialing trunk
circuit operates. Traced from the upper and lower repeat
coil ‘windings RC of the position circuit, FIG. 9, this
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closed path further includes back contacts 1 and 2 of re- .

lay 9ON, back contact 1 of relay 9SD, to the terminating
circuit, FIG. 8, where it passes make contacts 1 and 2 of
relay 8K through diodes 8D1 and 8D2 to back contact 1
of relay 8LB, to the —F and +F conductors extending
through the link equipment to the trunk circuit, FIG. 3,
through make contacts 1 and 3 of relay 3CO held op-
erated, back contacts 1 and 3 of relay 3K and the lower
‘winding of that relay to battery. Relay 3K operates. Op-
erated relay 3K closes its “X” contacts 2 for the holding
path including the make contacts 2 of relay 3CO.

At this point, it is recalled that the attendant 1000(1)
has answered the call and that the inward dialing trunk
circuit 200 has not removed the ringback tone from
the calling subscriber’s transmission path. It is also re-
called that the following relays, as a REFERENCE H,
are in an operating condition, namely FIG. 2, relays 24,
and 2AT {fully operated; FIG. 3, relays 3K, and 3CO;
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FIG. 6, relays 6CU2; FIG. 8, relays 8K, 8AN, SLB;
8SP1; FIG. 9, relay 9PF. )

Upon to this point in the description of the call, relay
2RV in trunk circuit 200 did not operate, first because
of the charging current of the lower winding, and second
because of the release of relay 2SP which opened its make
contacts 5. With relay 2A held operated as noted above,
relay 3K operated closes its make contacts 4 and provides
a path through the upper winding of relay 2RV, whereby
causing the relay to operate. According to the description
of the inward dialed call, relay 2RV operated closes -its
make contacts 1 allowing relay 2RVS to operate and
thereby establish direct connections between the incorms-
ing connection conductors — and =+ and the battery feed
relay 2A of the trunk circuit 200, It is obvious that this
returns reverse battery to the incoming connections for
signaling the outside party that the call has been answered.
Operated relay 2RVS opens its back contacts 10, and re-
moves the ground holding relay 2AT through make con-
tacts 10 of relay 3K. Relay 2AT restored removes ring-
back tone from the calling connection. The transmission
path is now complete between the calling party and the
attendant 1000(1) with relay 2A in the trunk circuit 200
being the battery feed to the calling party and relay 9BF
in the position circuit 900(1) the battery feed to the at-
tendant. These two paths are coupled by means of the
repeat coil RC of the position circuit, FIG. 9 over the
path previously traced through to the inward dialing trunk
circuit, FIGS. 2 and 3 to. the capacitors 2CA3 and 2CA4
of FIG. 2.

The PABX attendant extends the listed number call
to-a substation

The following relays are operated as the attendant
initiates the establishment of connections between the call-
ing party and the desired PABX substation, assumed to
have a number including the last three digits “326.” The
relays aré sumiarized, as REFERENCE J: FIG. 2, re-
lays 2RV, 2RVS, 2A; FIG. 3, relays 3K, and relay 3C0;
FIG. 6, relay 6CU2; FIG. 8, relays 8K, 8AN, 8LB, and
8SP1; FIG. 9, relay 9BF. .

The attendant operates the “dial-in” key at her tuiret
10620(1), FIG. 10 causing the closire of ground through
the make contacts 1081, through the back contacts 4 of
relay 9DS, and the lower winding of relay 9SD to bat-
tery. Relay 9SD of the position circnit operates and closes
a holding path through its make contacts 3 to the ground
at make contacts 1 of the battery feed relay 9BF. Oper-
ated relay 9SD closes its make contacts 4 of a path traced
through back contacts 5 of relay 9TD to the winding of -
relay 9PG to battery. Relay 9PG operated closes a path
by which relay 2C of the trunk circuit 200 operates for
disconnecting the transmission path to the calling party.
This path is traced from the position tircuit 900(1), FIG.
9, time division signaling output terminal TGS, through
diode 9D3, make contact 1 of relay 9PG operated, over

-the EC1 conductor multiple extending to the terminating

circuit 800(1), where the path continues through make
contacts 9 of relay 8K, make contact 6 of relay 8AN, to
the make contact 2 of relay 8LB, over the EC conductor
extending through the link equipment 110 to the trunk
circuit 200 EC conductor, FIG. 3, through make contact
6 of relay 3CO, and the lower winding of relay 2C and
the diode 2D4 to terminal TBS. Relay 2C operates from
the time division signal transmitted over this path. Oper-
ated relay 2C in this case closes a path, not yet described,
which results in the operation. of relay 2TR to its “X”
contacts. This path is traced from the ground through
make contact 6 of relay 3K, back contacts 4 of relay 2C,
back contact 2 of relay 2F, to FIG. 3 over the TRD con-
ductor extending through the group identification circuit
610, through back contact 7 of relay 6CU3, then over the
TRG conductor extending back to FIG. 3, where the path
continues through back contact 6 of relay 3P, to the upper
winding of relay 2TR, FIG. 2, and battery, Relay 2TR
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operated to the first of its two step positions closes the
“X” contacts and completes a new path for setting a
ground marking on the SLM conductor extending to the
vertical banks and allotter of the transfer finder equip-
ment 491, FIG. 4. This marking path originates at the
ground through make contact 2 of relay 2A of the trunk
circuit, through make contact 4 of relay 3K, further
traced through back contact 4 of relay 2AT, then back
contact 3 of relay 2TR, “X” contact 4 of that relay, make
contact § of relay 3K, to the SLM cenductor in FIG. 3,
to the vertical bank 405 of this transfer finder switch 491.

The call forwarding techniques used in establishing
connections for this attendant-controlled call is the same
as that used in establishing connections to the above-
mentioned second and third PABX substation, for con-
sultation purposes, except using different arrangements
for seizing and impulsing the transfer selector and con-
nector switches as will be described. Briefly, the attend-
ant 1000(1) dials the digits “326” and sets up a connec-
tion to the desired substation party in PABX customer
group 1, identified by time division signaling (TG2 and
TB2) between the group identification circuit 616 and
the transfer-selector switch 509 being employed in this
call. Furthermore, the group identification circuit relay
60N is operated by a time division signal (TGS to TBS)
from the seized transfer relay group 493, FIG. 4.

In dialing the above-mentioned call number “326” the
attendant, FIG. 10, operates the dial, thereby, closing the
off-normal contacts 1090 in the path traced over the ON
conductor to relay 9ON of the position circuit $00(1),
FIG. 9.

Relay 90N operates and is held operated each time the
dial is off normal in preparation for dialing of the digits.
Daring the period it is held operated, relay 9ON closes
a path through the dial impulse spring contacts 1089 for
seizure of the impulsing relay, not shown, in the transfer
selector switch 509, FIG. 5, and again in the connector
switch 515 as the call-forwarding switch train establishes
the connections. It is understocd that normal polarity of
the above-mentioned seizure-impulsing relay is directly
connected to the T and R multiple conductors of the posi-
tion circuit 900(1), and that the closed path can be par-
tially traced as follows: Ground potential on the T con-
ductor is connected through make contacts 2 and the
upper winding of relay 9SD to battery; battery potential
on the R conductor is connected through make contacts
2 of relay 90N, contacts 1080 of the dial, make contacts
1 relay 9ON, make contacts 1 of relay 95D to ground.
Closure of this path results in seizure of the impulsing re-
lay at the switch train and release of the position circuit
relay 9SD as the current through the upper winding op-
poses the current in the lower winding of the relay. Re-
stored relay 9SD closes the impulsing path to the switch
train traced partially from the T conductor, through back
contacts 1 relay 9SD, make contacts 1 relay 9ON, dial
springs 1080 make contacts 2 relay 9ON, to the R con-
ductor. Relay 9ON restores after each series of digital
impulses for disconnecting the dial path and reconnecting
the repeat coil RC. Relay 9PG restores and opens the time
division signaling path to relay 2C, FIG. 2, of the trunk
circuit.

A summary, REFERENCE K, of the operated relays
at this point in the description is as follows: FIG. 2, re-
lays 2RV, 2RVS, 24, and 2TR fully operated; FIG. 3,
relays 3K, and 3CO; FIG. 4, relays 4CC, and 40N; FIG.
6, relays 60N and 6CU2; FIG. 8, relays 8K, 8AN, 8LB,
and 8SP1; FIG. 9, relays 9BF.

When the called substation answers this call, reverse
battery is returned to the —L and +L conductors of the
transfer relay group 493, FIG. 4, and passes over con-
ductors 406 and 401 to the path traced through the relay
4TA and the diode 4D1. Operated relay 4TA closes its
make contacts 1 and 2 in a closed path to relay 4A. Re-
lay 4A operates. In this call, relay 4A is not 2 battery
feed relay to any party, but it is the means for providing
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a reverse battery signal, representative of the called sub-
station’s reverse battery, over a closed loop traced through
the — and -+ conductors of the relay group, FIG. 4,
back through the trunk circuit 200 FIGS. 2 and 3, to the
—F and 4 F conductors through the concentrator link
119 switch train to the terminating circuit 80¢(1), FIG. 8
where the path continues through back contact 1 of relay
8LP, the upper aand lower windings of relay 8RV, through
make contacts 1 and 2 of relay 8K, over the T and R
conductors of the position circuit, $86(1), FIG. 9 through
back contacts 1 and 2 of relay 9ON, back contact 1 of
relay 9SD, through the upper and lower windings of the
repeat coil and the resistor 9R2. Relay 8RV of the termi-
nating circuit responds to the current flowing through its
upper and lower windings and therefore operates. Oper-
ated relay 8RV closes its make contacts 3 of a path
traced through back contacts 2 of relay 8LP to the wind-
ing of relay 8SP2 to battery. Relay 8SP2 closes a path
from battery, through other equipment shown, and its
make contacts 1 connected to conductor L2 extending to
the turret “destination” lamp 1020 to ground. The lighted
lamp 120 signals the attendant that the call has been
established tc the PABX substation. Operated relay 8RV
also closes its make contacts 4 and 5 in a path traced
through back contact 5 of relay 8HD to the winding of
relay SLA to battery. Relay 8LA closes a path from
battery, through other equipment not shown, by way of
its make contacts 1 to conductor LA and the turret lamp
1061 to ground. This lamp indicates the terminating cir-
cuit used in establishing the call.

As in the case of other answered calls through the
transfer relay group 493, FIG. 4, the following relays also
are operated, see “REFERENCE C” for example: FIG.
4, relays 4BS, 4A, 4TA, 4B, 4TS, 48 to its “X” contacts,
and 4ON. In the other calls described, the originator of
the transfer-call connection maintained control over the
connection up to the point that the call was forwarded
to the transferee substation. Likewise, the attendant main-
tains the control uatil her services are no longer required.

The attendant may complete this listed number call,
thereby establishing direct connections between the origi-
nator of the inward dialed call and the last-called PABX
substation, by merely depressing the trunk release key at
her turret, FIG. 10. This key closes its make contacts 1651
of a path through make contacts of relay 8K and the
winding of relay 8TR to battery. Operated relay 8TR
closes its make contacts 4 for a holding circuit and also
opens its back contacts 1 and 3 thereby permitting relays
8IB and 8K to release. Restored relay 8LB opens its
make contacts 2 so that relay 8SP1 restores, and through
jts make contact 1 opens the path to the source lamp
1038 at the attendant’s turret, FIG. 10. Restored relay
8LB opens its make contacts 3, thereby permitting relay
8AN to restore as well as relay 3CO of the trunk circuit
200, FIG. 3 which had been held over the CF conductor
extending from the terminating circuit 800(1) back to
the trunk circuit 200 over the concentrator link equip-
ment 110. The loss of holding ground on this CF conduc-
tor from the terminating circuit, FIG. 8, also permits
the position finder and the trunk finder switches to restore.
Restored relay 8LB opens its make contacts 4 and the
path to the listed number lamp 1979 on the attendant’s
turret. Restored relay 8K opens the make contacts 7 and
allows relay 8TR to also release. Restored relay 8K opens
its make contacts 1 and 2 of the transmission path there-
by permitting relay 8RB to restore. Restored relay 8RV
opens the paths of relays S8LA and 8SP2 so that the
terminating circuit lamp 1001 and the destination lamp
1029 at the turret will also go dark. Relay 4A of the trans-
fer relay group 493, FIG. 4, is no longer connected to the
position circuit loop and therefore restores. Restored re-
lay 4A closes its back contacts 2 and provides a closed
path to relay 4CF. Relay 4CF operates and by its make
contacts 3 provides a holding ground over the C1 con-
ductor extending back to the transfer finder switch 491.



3,333,062

23

Restored relay 4A opens its make contacts 1 and permits
relay- 4B to also restore. Relay 4B restored opens the
holding ground through its make -contacts 5 of a previ-
ously described path extending to relay 2TR, FIG. 2 of
the trunk circuit, and through the make coztacts number
1 of the 60N and the upper winding of that relay to bat-
tery, as seen in the group identification circuit 610, FIG.
6. Both relays restore. It is recalled that relay 4S in
the transfer relay group, FIG. 4 was operated to its “X”
contacts. With relay 4B just restored, a path is. closed for
transmission of a switching signal from the transfer relay
group 493, to the connector 515, FIG. 5, used in the
establishment of this listed number call to the PABX sub-
_ station. The switching signal is booster battery passing
through make contacts 3 of relay 4TA, make contact 1
of relay 4S, through the back contacts 2 of the same
relay, back contact 1 of relay 4B, over the C conductor
extending through the transfer selector switch 509, FIG. 5
to the connector switch where it becomes effective to
cause the connector to physically switch through the sub-
station loop to the —L and -+L conductors of the trans-
fer relay group, as has been described before. Because
of this dry loop condition on the —L and +L conduc-
tors relay 4TA restores and closes a path for fully operat-
ing relay 4S through its lower winding. Operated relay
- 4S closes its make contact 7 and extends the called sub-
scriber loop through the transfer link 160, FIG. 4, to the
—TN and +TN conductors of the trunk circuit 260,
FIG. 3 extending by way of back contacts 1 and 2 of
relay 2TR, now restored, to relay 2E, FIG. 2. Relay 2E
operates and is the battery feed to the called substation..
A summary, REFERENCE L, of the operated relays
upon completion of this listed number call is as follows:-
FIG. 2, relays 2RV, 2RVS, 2A, and 2E; FIG., 3, relay 3B;
FIG. 4, relays 48, 4LH, and 40N; FIG. 6, relay 6CU2.
It is obvious that this summary is like that given as “refer-
ence D,” except that relay 2AT did not operate to its
“X” contacts, at the time the second-called' substation
party had taken over the direct inward dialed call.

Called PABX substations establish connections
to the attendant

Each of the above called substations engaged in con-
versation with the outside party, who originated the in-
ward dialed call, could establish connections to the PABX
- attendant, for consultation or transfer purposes, by
simply dialing a digit substantially greater than *“1,”
for example the digit “0,” as previously mentioned in
this operational description. It is understood that relay
2E, of the trunk circuit 200, FIG. 2, is the battery feed
impulsing relay for each of these substations as hereto-
fore summarized in: reference A (inward dialed call
to first substation); reference D (second substation takes
over call); reference G (third substation disconnects from
the connection); and reference L (listed number call
completed). ) .

- In each case, relay 2E responds to the impulses and
controls the operation of relays 2C, 2TR to its “X”
contacts, 3P through the upper winding, and 3B which
remains operated, as heretofore described in connection
to the substation controlled impulsing by the digit “1.”
It is known that the first impulse of a call number caused
relay 3P to.operate its make contacts 6 and thereby
close a path partially traced from conductor TRG, FIG.
3, through back contacts 8 of relay 3K, the upper wind-
ing of relay 2AT to battery. With relay 3P slow to re-
lease, additional impulses apply ground to this path and
operate relay 2AT. Operated relay 2AT closes a hold-
ing path through its lower winding, this path being later
opened when relay 3K operates. Operated relay 2AT
opens it back contacts 4 and prevents ground marking
the SLM conductor and thereby causing the allotter 492,
FIG. 4, to allot an idle transfer finder switch 491 to find
this trunk circuit 200. Operated relay 2AT closes its
make contacts 5 in a path whereby relay 3GT of FIG. 3
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“became. operated if there was an open gate circuit con-

dition between the -customer start circuit 620 FIG. 6
and the trunk circuit as heretofore described in connec-
tion with the establishment of a listed number call to
an idle attendant of a PABX. Trunk circuit relay 3GT
FIG. 3 operated closes a path through the group identi-
fication circuit 610 to the relay 6ST of the customer
start circuit. The substation originated call will there-
after be automatically forwarded to the attendant in the
same manner as was described in connection with the
listed number call. The attendant knows this is a re-
call or transfer call, rather than a listed number call,
because of the lighted lamp 1050 at the attendant turret,
FIG. 10. The path to this lamp was closed by make con-
tacts 2 of relay 8CS1 of the terminating circuit 800(1),
FIG. 8. This relay became operated because of a closed
path, through its lower winding, between output termi-
nals of the time division signaling arrangement. This path
is partially traced as extending from terminal TG3 of
the trunk circuit 200, FIG. 2 through diode 2D3 and
the make contacts 8 of relay 2RVS operated, back con-
tact 7 of relay 2AT, now restored, and through the con-
centrator link equipment 110 to the terminating circuit
800(1), FIG. 8, and the output terminal TB3. It is re-
called that relay 2TR of the trunk circuit operated only
to the first of its two positions and therefore did not
open the transmission path between the attendant and
the originator of this call. This transmission path is by
way of back contacts 10 and 11 of relay 2AT, capacitors
2CA1, 2CA2, 2CA3, and 2CA4.

The attendant camps on a busy substation connection

In setting up a connection for extending- the above
described listed -number call, the attendant may have
received busy tone indicating that the desired substation
was already engaged in conversation with another party.
The attendant may either camp on this busy connection .
or, if necessary, cut-in on the connection. As a recapitu-
lation of “reference K,” the following relays are in an
operated condition: FIG. 2 relays 2RV, 2RVS, 2A, and
2TR; FIG. 3, relays 3K, and 3CO; FIG. 4, relays 4CC,
and 40N; FIG. 6, relays 60N, and 6CU2; FIG. 8, re~
lays 8K, 8AN, 8LB, and 8SP1; FIG. 9, relay 9BS.

The attendant may camp on this busy connection by .
momentarily depressing the signal key at her turret,

- FIG. 10, thereby closing the path through its make con:
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tacts 1071 and thereby cause relay 9SIG to operate.
Operated relay 9SIG of the position circuit 900(1), FIG.
9, closes its make contacts 2 of a path through back con-
tacts 3 of relay 9DS, over the CB conductor exteriding
to the terminating circuit 800(1), FIG. 8, through make
contacts 3 of relay 8K, and the lower winding of relay
8LP to battery. Operated relay 8LP opens its back con-

“tacts 1 and inserts the upper winding of that relay in

the loop path previously  described - from - the ‘position
circuit, through the terminating circuit conductors, to
the impulsing relay at the connector 515, Relay SLP re-
mains operated through its upper winding as the -shunt -
has been removed at its back contacts, 1. Relay 9SIG-
of the position circuit, FIG. 9, also closes its make con-
tacts 1 of a time division signaling path extending from

- output terminal TG7 through the diode 9D1 to the EC1

conductor which has been. traced to the EC conductor
at the transfer relay group 493, FIG. 4, where the path
further continues through the both windings of relay -
4CB and the diode to output terminal TB7. Relay 4CB
operates: Operated relay 4CB closes its make contacts
1 in a closed path for transmission of booster battery
to the connector switch 515, FIG. 5. This booster battery
switching signal causes a connector to camp on the busy
connection, remove the busy tone from the circuit, and
apply a dial tone indicating to the attendant that. the
circuit is camped on the busy connection. .

The remaining relay operations, whether the attendant
waits -until the substation has concluded his conversation
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or if she finds it necessary to override the busy connec-
tion to complete the call, are similar to that fully de-
scribed just following the operated relay summation of
reference K. In each case the relay operations are de-
pendent upon the reversal of battery on the —L and
-1, conductors of the transfer relay group 493, FIG. 4.

The attendant could cause the conmector to cui-in
on and override the busy connection by simply operat-
ing the signal key 1071 the second time and again con-
trol the transmission of booster batery from the transfer
relay group 493 to the connector switch 515.

Direct inward dialed calls to regular central
office exchange stations

The switching and group identification techniques em-
ployed in the establishment of direct inward dial call con-
nections from outside parties to regular central office sta-
tions are generally the same as detailed for direct inward
dialed calls established to substations of a PABX customer
group. These regular stations are assumed as being in the
“8(0” connector group reached by connector 566 of FIG.
5, and that the individual station being called is assigned
the directory number of which the last four digits are
«2892 " In establishing the connection for this inward
dialed call, the calling party will dial the digit “8” and
cause the incoming fifth selector 500, FIG. 5, to operate
its left normal post springs 502 and close its make contacts
505, This closes a group identification marking path traced
from ground through the back contacts 564 of the right
normal post springs 503, through make contacts 595 of the
left normal post springs 502 to the C1 conductor extend-
ing to the group identification circuit 610, FIG. 6, where
the path continues through back contact 6 of relay 6CU3
and that winding to battery. Relay 6CU3 operates, rather
than relay 6CU2 as was the case of the described sub-
station call. Operated relay 6CU3 closes its make contact
6 in a holding path over the LK lead extending back to
the trunk circuit 200. Operated relay 6CU3 opens its
back contact 7 and thereby prevents any ground on the
TRD conductor from being effected to operate relays in
the trunk circuit if the called station should attempt to
make a trensfer call either to another station, a PABX
substation, or an attendant. It is obvious that the connec-
tion of a strap 600, in the identification circuit, FIG. 6,
between the TRD and the TRG conductors would permit
the “800” conmector group to be assigned as a PABX
customer group and enable all of the above described sub-
station transfer calls.

Regular station answering of this call returns reverse
battery over the —SW and +SW conductors of the trunk
circuit, FIG. 3, and thereby causes the relays of trunk cir-
cuit 200 to operate in the same manner as has been de-
scribed in connection with the inward dialed PABX sub-
station call, In other words relay 2A will be the battery
feed to the calling party, relay 2E will be the battery feed
to the called party, and the relays will be in an operated
condition as cited in “reference A” except that in this
case relay 6CU3 of the group identification circuit 610
will be operated rather than relay 6CU2.

Ti is recalled that the establishment of calls subsequent
to the inward dialed station or listed number call depended
upon the circuit arrangement in the group identification
facilities of the trunk circuit. Group identity of the call
was stored therein in the nature of a relay initially oper-
ated from a marking potential set upon it by selectively
operated apparatus in the switch train establishing the call.
Upon answer, or simulated answer of the call, as in the
case of a listed number call, the identification relay was
thereafter held from the trunk circuit.

The above-mentioned identification relay provided
closed porticns of a number of signaling paths made ef-
fective according to other controls set on the paths by cir-
cuits establishing connections for forwarded calls. Such
paths included paths for the flexible and non-destructible
signaling arrangement disclosed in the co-pending U.S.
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patent application of Robert M. Schildgen and John S.
Young, as mentioned above.

According to the embodiment of this invention it is ob-
vious that inward dialed calls can be readily switched
freely between stations of groups of stations entitled to
such calls.

Having fully described the features of my invention,
what I consider to be new will be pointed out in the ap-
pended claims.

What is claimed is:

1. In a telephone system, a central exchange having: in-
coming connections terminated by a trunk circuit; auto-
matic switching equipment including connector switches:
an attendant’s position; groups of substations connected to
said connector switches and arranged to receive calls in-
coming to said exchange over said connections and said
trunk circuit by way of said switching equipment both un-
der the listed number of said group and under the number
individual to the substation; and a listed number circuit
also connected to said connector switches; said listed num-
ber circuit including: means operated upon seizure of
said last-mentioned circuit by one of said connector
switches for automatically returning to said trunk circuit
an answering signal of less than a predetermined dura-
tion; and said trunk circuit including: answering signal
responsive apparatus; timing mecans; and means jointly
controlled by said apparatus and said timing means for re-
turning a supervisory signal to said incoming connections
if said answering signal is of more than said predetermined
duration, and for signalling said attendant and preventing
the return of said supervisory signal in response to the re-
ceipt of said answering signal if said answering signal is
of less than said predetermined duration.

2. The combination in a telephone system as claimed in
claim 1, wherein said listed number trunk circuit also in-
cludes: timing means effective subsequent to operation of
said jointly controlled means in the last-mentioned case
for releasing said connector switch and said trunk circuit
signal responsive apparatus.

3. The combination in a telephone system as claimed
in claim 1, wherein both said connector switches and said
trunk circuit include: split battery feeds as well as physi-
cal switch-through connections for bypassing said battery
feeds; wherein normally the split battery feeds in said
connector switches and the physical connections in said
trunk circuit are enabled whereby a physical circuit is
normally provided from said incoming connections di-
rectly to the battery feed on the calling side of the con-
nector switch used; and wherein said joinily controlled
means in said trunk circuit, upon receipt of said answer-
ing signal of more than said predetermined duration, cause
said physical connections in said trunk circuit to be re-
placed by the split battery feeds therein and cause the
split battery feeds in said connector switch to be replaced
by said physical connections in said conmector switch.

4. The combination in a telephone system as claimed
in claim 3, wherein said trunk circuit includes: switching
means controlled by said jointly controlled means for
replacing said physical connections by said split battery
feeds in said trunk circuit and for applying a switching
signal to said connector switch; and wherein said con-
nector switch includes means responsive to said signal
for replacing said split battery feeds by said physical con-
nections in said connector switch.

5. The combination in a telephone system as claimed
in claim 4, wherein said switching means comprises: a
two-step relay, said relay operating to its first step re-
sponsive to the operations of said jointly controlled means
and of said answering signal responsive apparatus for ap-
plying said switching signal to said connector switch;
said relay in said connector switch being responsive to
said signal for replacing said split battery feeds by said
physical connections in said connector switch; and where-
in said answering signal Tesponsive apparatus in said trunk
circuit, upon release responsive to the last-mentioned re-



3,333,062

27

placement, causes said relay to operate to its second step

for removing said signal from said connector switch and -

completing the physical connections from said connector
switch to the battery feed on the called side of the said
trunk circuit, thereby preparing the last-mentioned feed
for the direct receipt of back-dialed pulses originating
at the called side of said connector switch.

6. The combination in a telephone system as claimed

- in claim 5, wherein said automatic switching equipment
includes:- first switching means for forwarding an an-
swered call to another substation; and second switching
means for automatically forwarding an answered call to
an attendant’s position; and wherein said trunk circuit
includes: means prepared by said jointly controlled means
upon receipt of said answering signal of more than said
predetermined duration, and operated responsive to a
back-dialed digit of one value for making said first

. switching means effective, and operated responsive to a
back-dialed digit of another value for making said second
switching means effective. -

7. In a telephone system, a central exchange compris-
ing: a direct inward dialing trunk circuit; a switch train
including connector switches accessible to said trunk cir-
cuit; a plurality of groups of telephone stations connected
to said connector switches for the receipt of calls incom-
ing thereto; call forwarding means controllable by a called

- one of said stations for forwarding said call to another sta-
tion; means in said trunk circuit for controlling the seizure
of said call forwarding means responsive to the receipt of
call-forward initiating signals from said one called sta-
tion subsequent to answering of said incoming call; group
marking means connected to said switch train for return-
ing a marking corresponding to the group identity of said
one called station over said switch train to said trunk
circuit; group discriminating means connected to said
trunk circuit and including means operable under the
control of said marking for rendering said call forward-
ing means ineffective to establish a connection to a tele-
phone station of a group other than that of said one
called station; a supervisory conductor in said switch
train; and a time division signalling arrangement ex-
tending signals over said supervisory conductor between
said switch train and said group discriminating means to
render said call forwarding means ineffective for estab-
lishing intergroup connections.

- 8. Apparatus in accordance with claim 7, wherein said

time division signalling arrangement includes: a time di-

vision power supply including a plurality of output ter-
minal pairs selectively connected to said supervisory con-
ductor under the control of said group discriminating
means for providing switched signal potentials, to each
said pair in a cyclic manner during discrete recurring time
intervals, corresponding to said plurality of groups of
telephone stations; and switching means connected to said
supervisory. conductor responsive only to the connection
of a matching pair of said potentials to said conductor
to permit the establishment of a connection by said for-

- warding means.

© 9. In a telephone system, a central exchange having:

a direct inward dialing trunk circuit; automatic switching

equipment incloding selector switches and connector
switches; a plurality of groups of substations connected
to said connector switches for the receipt of calls incom-
ing thereto; a plurality of attendant positions each as-
signed to one of said groups, said switching equipment
also including first and second call forwarding means con-
trollable by a called one of said substations for establish-
ing a connection for forwarding said call to another sub-
station and an attendant position respectively; means in
'said trunk circuit responding to the receipt of call-for-
ward initiating signals from said called substation subse-
quent to the answering of said incoming call for control-
ling the seizure of said first and second call forwarding
means; group marking means connected to said selector
switches for extending to said trunk circuit a marking
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corresponding to the group identity of said substation
receiving said incoming call; and group discriminating
means connected to said trunk circuit and operable under
the control of said marking for permitting said first and
second call forwarding means to establish said connection
only to another substation and an attendant position, re-
spectively, of the same group as said called substation.

10. In a telephone system, a central exchange compris-
ing: a plurality of substations arranged in a plurality of
different groups; a plurality of direct inward dialing trunk
circuits for extending connections representing calls to
said substations; a group discriminating-circuit connected
to-each said trunk circuit and including means for stor-
ing the group identity of said substations when called;
a plurality of attendant positions each assigned to dif-
ferent ones of said substation groups; a plurality of call-
forwarding links; a trunk finder and a position finder in
each said link; means operated by one of said trunk: cir-
cuits in response to receipt of a call-forwarding signal
from a called one of said substations for seizing an idle
one of said links; means controlled by said group dis-
criminating circuit associated with said onme trunk circuit
for operating said position finder of said seized link to
forward the call from said one called substation to seize
an attendant position in the group corresponding to said
stored identity of said ome called substation; and means
controlled by said group discriminating circuit for oper-
ating said trunk finder of said seized link to seize only
said trunk circuit associated with thé group correspond-
ing to that of said seized attendant position.

11. In a telephone system, a central exchange compris-

-ing: a plurality of substations arranged in a plurality

of different groups; a plurality of direct inward dialing
trunk circuits for extending connections representing calls
to called ones of said substations; a group discriminating
circuit connected to each said trunk circuit and including
means for storing the group identity of said substations
when called; a plurality of attendant positions each as-
signed to different ones of said substation groups; a plu-
rality of call-forwarding links common to said groups; a
supervisory path in each of said links; means operated by -
one of said trunk circuits in response to receipt of a call-

forwarding signal from a called one of said substations

for seizing an idle one of said links; means controlled by

said group discriminating circuit associated with said one

trunk circuit for operating said seized link to forward the - -

call from said one called substation to seize an idle at-
tendant position in the group corresponding to that of
said one called substation; and a time division signaling
arrangement for signaling said forward call to said seized
attendant position over said supervisory path in said
seized link. ' -

12. Apparatus in accordance with claim 11, wherein
said time division signaling arrangement includes: a time "
division power supply including a plurality of output ter-
minal pairs selectively connected to said supervisory path
under control of said group discriminating means for pro-
viding switched signal potentjals to each said terminal
pair in a cyclic manner during discrete recurring time in-
tervals; means for connecting a predetermined matching
pair of said potentials to said supervisory path of said
seized link; and means included in said seized attendant
position and connected to said supervisory path of said -
seized link, operated in response only to said connection
of said predetermined matching pair of said potentials to
said -path, for automatically signaling said forwarded call
to said attendant position. -

13. In a telephone system, a central office having: a
plurality -of direct inward dialing trunk circuits; a plu-
rality of substations; a plurality -of attendant positions;
automatic switching equipment including a supervisory
path interconnecting said trunk circvits and said attendant
positions; and a time division signalling arrangement ex-
tending over said path for providing two-way supervisory
signalling upon the establishment of a connection between
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one of said trunk circuits and one of said attendant posi-
tions.

14. The combination in a telephone system as claimed
in claim 13, wherein there is provided: a time division
power supply including a plurality of terminal pairs con-
nected respectively to said trunk circuits and said attendant
positions, for providing switched signal potentials to each
said pair in a cyclic manner during discrete recurring time
intervals; and wherein said signaling arrangement in-
cludes: a plurality of signal sending means at one end
of said connection for selectively connecting a first ter-
minal of one of said pairs to said supervisory path; and
a like plurality of signal receiving means at the other end

of said connection, each connected between said super-

visory path and an individual second terminal of said
pairs, and each operated responsive to the connection by
the corresponding sending means of said first terminal to
said supervisory path for indicating receipt of the corre-
sponding signal at said other end.

15. The combination in a telephone system as claimed
in claim 14, wherein one of said signal sending means and
the corresponding signal receiving means is effective upon
the initiation of a call request in one of said trunk cir-
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cuits to transmit a calling signal from said trunk circuit
to one of said attendant positions.

16. The combination in a telephone system as claimed
in claim 15, wherein said central office comprises: auto-
matic switching means accesible by said trunk circuits for
use by said attendants in completing a forwarding connec-
tion to one of said substations; and wherein one of said
signal sending means and the corresponding signal receiv-
ing means is effective upon the operation of a control
means at said attendant position to transmit to said trunk
circuit a signal instrumental in the completion of said for-
warding connection.
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