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ABSTRACT OF THE DISCLOSURE

We disclose a system for automatically identifying a
calling station within a private branch exchange by apply-
ing a pulse to a path which is unique to the combination
of the calling station and the outgoing trunk seized on
the call. The path includes magnetic core matrices which
store the identities of the calling station and the seized
trunk, a gate, and a checking element. A pulse is trans-

mitted directly to the gate at the same time that the pulse
is applied to the path unique to the calling station and

outgoing trunk. Storage of the station and trunk identities
in the respective matrices is permitted only when both
pulses are received by the gate. The checking element,
which is set when both pulses are received by the gate,
1s then interrogated and if it has been set the data in the
matrices are read out and transmitted to the central office
to which the PBX is connected. If, upon interrogation,
the checking element is found not to have been set, addi-
tional identification pulses are transmitted until either a
subsequent attempt results in the setting of the checking
element or a predetermined number of attempts do not
meet with success. | - |

—mrr R T .

This invention is concerned with automatic mumber
identification of telephone stations and, more particularly,
with such stations as may be found in private branch ex-
changes 1n telephone systems.

Recently, communications systems of all kinds have
had increased demands in terms of capacity and flexi-
bility placed upon them by the extremely rapid increase
in customer needs. Not only have the types of services
become more extensive, but the fields of interest in which
such services are now expected have proliferated. For ex-
ample, in telephone systems, recent emphasis has been in
the area of providing new and varied customer service
facilities. This has been especially true up to the present
time where so-called private or individual line customers
are involved. That is, the individual line customer may
desire and has in fact been furnished with, in many cases,
the ability to secure direct (i.e., without operator inter-
vention) telephonic communication with nearly all other
subscribers in the domestic telephone network. Such an
example is cited merely for illustrative purposes and can
legitimately be said to represent only one of a multitude
of services offered to such subscribers.

It is therefore natural that large corporate and office
facilities would make similar and extensive demands for

the provision of such services at their business locations.

Since many large business and professional groups are
linked for telephone communication through the use of
a private branch exchange (PBX), the services alluded
to above must be made available through the PBX switch-
ing network. This is most economically and practically
done through the use of appliqué circuits which make use
of already existing PBX equipment to the extent that such

3,346,760
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- extensions may be furnished thereto with no great amount. -

of difficulty as long as intra-PBX switching is involved.
However, more complex arrangements usually come into
play when a PBX extension customer desires to dial out
from the PBX and, for example, through the local central
office to a distant point. | - | |

Whereas the home or private line subscriber is usually -
able to make a direct distance dial (DDD) call to such

- a point, ordinary business and commercial practice often

10

15

20

25

30

35

49

45

00

o9

60

65

70

use is possible. Many of the services required by PBX

precludes the corporation or office leasing the PBX from
allowing all of its extension users to make such DDD or
other toll calls. It should be emphasized that there are
no technical obstacles to providing DDD service to PBX
extension users; the basic problem involves the proper
billing of such calls to the individual extensions. Usually,
a technique which has become known as “restricted dial-
ing” is relied on to allow different extension users to have
limited access to the DDD network external to the PBX.
(See R. D. Williams Patent 2,904,637, issued Sept. 15,
1959.) Unauthorized attempts to dial out from the PBX
and to engage excluded DDD equipment will automati-
cally resuit in operator intervention and perhaps occa-
sional embarrassment and resentment. In order to com-
mence a valid toll telephone connection from such a re-
stricted PBX, even an authorized extension user is some-
times required to proceed through the local PBX operator
in order to initiate and complete the call. This represents
a constderable loss of time both in the completion of the
call by the intervening operator and also in the frequently
valuable time of the calling extension party. |

The main reason for going through what appears fo
be a lengthy process is that such a process represents a
usually reliable method for acquiring an accurate record
of the precise extension number initiating such a service
request. Thus, if a company has no desire to bill such
toll calls to the individual extension originating them,
it is a relatively srtaightforward matter for the PBX di-
rectory number to be billed for the call under the so-called
“pilot billing” arrangements. However, although there
have been several attempts over the years to provide auto-
matic number identification (ANI) for individual pri-
vate customers, without any operator intervention (see, |
for example, H. D. Cahill et al. Patent 3,071,650, issued
Jan. 1, 1963, and H. R. Moore et al. application, Ser. No.
261,264, filed Feb. 27, 1963, now patent 3,243,514, issued

‘March 29, 1966), little such development has been made
_in the area of PBX ANI.

Working within the confines of the present PBX ar-
rangements, certain expedients have been attempted, none
of which have proved entirely satisfactory. One such at-
tempt involves an.operator interrogation of the calling
extension wherein the calling party is requested to give
to the operator his extension listing. Such a procedure,
while normally operative, is subject to the time delays re-
tferred to above and is also subiect to occasional human
EITOrS. | }

Another approach, utilizable in locations where exten-
sive PBX demands equal or exceed those of the other
lines connected to the community central office, is illus-
trated in L. T. Anderson et al. Patent 3,102,930, 1ssued
Sept. 3, 1963. In that arrangement, the PBX extensions
appear as ordinary lines in the associated central office,
so that toll call charges will be billed to the extensions.
However, this system will find few applications in areas
where separate line appearances cannot be feasibly or
economically given to each PBX extension.

Where efforts have been made in the prior art to pro-
vide apparatus to furnish PBX ANI, the structure sug-
gested, while fully practicable, has often been somewhat
cumbersome and has required a slavish dependence on
central office control. For example, certain of these prior
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art arrangements could not make a complete ideatification
in response to a trunk seizure from a PBX extension; all
that was thereby accomplished was the connection of
such an extension through the seized trumk circuit to a
central office terminal. The required identification, how-
ever, did not yet commence and was in fact dependent
upon either the initiation of dialing by the PBX extension
or the transmission of a signal from the central office to
the PBX indicating that the identification sequence could
begin. Furtherfore, the PBX identification equipment was
only arranged to furnish the particular station number
desired. Complete and accurate correlation of calling and
accounting records also required the detection and regis-
tration of the particular trunk number involved. In these
prior art arrangements, the trunk number identification
was acquired by the central office equipment itself as a
prerequisite to the acquisition and identification of the
station number involved. Thus, if an accurate and valid
trunk number identification was not made by the master
central office equipment, no valid station number identifi-
cation could subsequently be made by the dependent PBX

equipment. (See, for example, O. H. Williford Patent

3,062,918, issued Nov. 6, 1962.) Such arrangements, while
being fully operative for the purposes for which they were
designed, were relatively slow operating and lacked the
independence from the central office equipment which
would have otherwise allowed the acquisition of trunk and
station number identifications without any significant reli-
ance on the central office equipment.

In addition to the above factors, the PBX aspect of
the identification problem presents occasional additional
difficulties. For example, the problem of reliability and
signal validity often occurs more frequently within PBX
switching equipment than in other switching systems. The
reasons for this problem include certain complexities of
electrical interaction such as relay switching transients,
stray ground signals in the PBX switch train, occasional
pulse mutilation, etc. These problems, while not peculiar
to PBX’s, might be said to be found in concentrated form
in these exchanges. 1t is therefore apparent that when
PBX ANI is considered, major problems of economy,
accuracy, speed and flexibility are involved.

It is therefore an object of this invention to improve
automatic number identification arrangements in conjunc-
tion with a private branch telephone exchange.

It is an additional object of this invention to provide a
more reliable identification process for a PBX extension
on outgoing calls.

It is also an object of this invention to furnish auto-
matic identification of PBX extensions to allow for ex-
panded dialing and increased services for PBX customers.

Still another object of this invention is to free the PBX
ANTI equipment from the central office equipment during
the determination of identification data individual to a
particular calling extension, thereby allowing the common

central office equipment to accomplish other switching
functions.

INTRODUCTION

One particular embodiment of this invention is arranged
to be generally compatible with many types of PBX
switching equipment. Moreover, the automatic number
identification equipment is arranged to operate immedi-
ately upon an outgoing trunk seizure by a PBX extension
user regardless of the type of call to be subsequently dialed
by such an extension caller. That is, the equipment of
this embodiment of the invention will, independently of
any central office instructions, acquire both the trunk and
station number identifications related to the calling exten-
sion immediately in response to a trunk seizure by that
station; in almost all cases, this informaticn (as well as
other identification indicia in certain instances) will have
been transmitted to the appropriately responsive equip-
ment at the central office prior to the dialing of any
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upon the type of call (e.g., a DDD or toll call) initiated
by the extension, the central office equipment may at its
“leisure” utilize the digital information for accounting or
billing purposes if such action is called for. |

Tt should also be emphasized that the transmission of
such identification information to the central office will
permit common equipment thereat to perform a variety of
useful functions, such as traffic surveys or call tracing.
The point to be made, therefore, is that the identification
sequence will be completed in most cases prior to the
initiation of dialing or certainly prior to its completion,
and that the full complement of identification data will
be acquired from each extension on each outgoing trunk
seizure call, regardless of whether the PBX extension user
later dials a toll call or not.

This description will be commenced with the initiation
of an outgoing trunk call by a PBX extension user dialing
the digit “9.” The PBX switching system in the conven-
tional manner (see for example R. D. Williams Patent
2,904,637, issued Sept. 15, 1959) seizes an outgoing trunk
circuit to the central office. The ANI appliqué circuit of
the present invention includes a sensing circuit cominon
to all of the PBX trunk circuits. This sensing circuit
detects the seizure of a trunk circuit during the initiation
of an outgoing call and informs a trunk scanner circuit
to cease scanning while the identification of this particu-
lar seizure is made. The combined effect of the scanner
and the sensing circuits serves to operate switches to estab-
lish a connection from the common automatic number
identification (ANI) equipment to a plurality of trunk
circuits, one of which is the trunk which has been seized
by the outgoing service request. The operation of these
switches provides the initial energization signal for the
ANI equipment and a “start” signal is provided to a
supervisory control circuit,

This entire PBX ANI system is synchronously con-
trolled by alternately phased power pulses which are
arranged to activate selected circuits in the system at
discrete times and intervals so as to avoid any race condi-
tions or erroneous interaction. For example, the start sig-
nal can be arranged to initially energize the ANI equip-
ment on one phase of the control power pulses while
certain steps which must be taken in response to the ANI
start signal can appropriately be arranged to occur on
either the following phase or on the next cycle of the
pulse which originally initiated the ANTI start signal. The
instant invention therefore provides what will hereinafter
be referred to as a “clear-write-check” cycle of pulsing.
That is, in response to the start signal, and to insure that
certain circuit elements are reset, a “clear” signal is pro-
vided through such elements in the system to. prepare
them for the subsequent transmission of an identification
signal. The “write” or identification signal proceeds
through selected ones of the circuit elements to provide
storage of data individual to the particular outgoing call;
the “checks” signal then makes a determination of the
validity of this storage.

Storage of identification data individual to the PBX sta-
tion which has gone off hook (including, for example,
the station number thereof and the trunk number related
to the trunk circuit which has been seized) is provided
by respective switching matrices. The matrices are linked
over an electrical path (the sleeve lead of the established
connection) connecting the seized trunk, the intermediate
switches within the Tocal PBX switch train, and the sleeve
lead of the station line circuit. A trunk number matrix
is connected to the trunk side of the PBX switch train
and a station number matrix is connected to the station
sleeve lead side of the PBX switch train. Magnetic stor-

age cores in each of the matrices are responsive to the

energization of their associated trunk and station cir-

cuits respectively. Thus, without any dependence upon

or signal from the central office equipment, the identifica-
tion or “write” signal of the instant invention is generated

outgoing digit by the PBX extension. Then, depending 75 (on a phase subsequent to the clear signal). The write



5
pulse is transmitted through the switching cores in the
trunk matrix corresponding to the seized trunk, and then
over the above-mentioned electrical path back to the off-
hook station’s sleeve lead and from the sleeve lead to the
appropriately responsive cores within the station number
matrix. |

When the write signal 1s generated, it is transmitted con-
currently to one terminal of a matrix enable gate and
also over the path through the various matrices and the
PBX switch train mentioned above. From the station
matrix, the write signal is transmitted to the control cir-
cultry to therein indicate a successful transmission through
the use of a special storage core. Finally, the write signal
1s transmitted to a separate terminal on the matrix enable
gate. In order for such a signal to be successfully trans-
mitted over both of the above-mentioned electrical paths,
the matrix enable gate must be energized correspondingly
at both of its terminals. The present arrangement thereby
protects against the effects of the loss or mutilation of the
write signal while it 1s being transmitted back over the
switch train, and also against the generation of possible
siray or transient signals which might s:.mulate a write
identification signal.

It should be borne in mind at this point that all the
identification sequence steps described so far and in fact
in all likelthood all those yet to be described will have
occurred prior to the extension user dialing the called di-
rectory number. Thus, the information to be derived in
this identification sequence will be available at the par-
ticular data repository (e.g., the central office) at a con-
veniently early point in the switching sequence. The next
phase of the sequence involves the transmission of a
“check™ signal to a checking element in the control cir-

cuitry which will only be responsive to such a signal if
this element had been priorly switched by a valid write

signal. Continuing with the assumption of a valid identi-
fication, the control circuitry responds to the check signal
by engaging a communications link which provides data
from the PBX to a central office or other data collecting
location; an additional function of the check signal is to
provide an inhibit signal to inhibit the operation of other
circuitry to be described infra which might otherwise
initiate additional switching sequences.

During the time interval subsequent to this “bld” or
request signal to the central office and a response there-
from, no addltmnal action is taken by the system. In the
vast majority of cases, the reply or command signal from
the central office will be almost instantaneous and this
initiates the readout sequence.

The data is sequentially read out of the matnces under
the control of a readout circuit which serves to transmit
readout signals to the matrices and to thereafter provide

the data to the central office or other data repository via

a data link. Fach step of the readout sequence is syn-
chronously controlled so that no difficulty arises as to
overlapping digital information or as to any race condi-
tions. It will be recalled that the scanning sequence has
been temporarily interrupted by the initiation of the
identification procedure and at this point (during read-
out), nothing has occurred to restart the scanning circuit.
However, when readout is completed, a signal is trans-
mitted to allow the scanner to again commence scanning
the central office trunk circuits. Thus, if a typical data

‘message consisted of a plurality of bits representing in

sequence a four-digit trunk number and a four-digit sta- °

‘tion number, scanning would be arranged to recommence
subsequent to the transmission to the data receiver of
‘the last data bit representing the units digit of the station
number, Once scanning has again begun, the system con-
tinues to scan until a subsequent trunk seizure is detected
and in such a case operation is as before. |

- However, assume that for some statistically improbable
reason the initial attempt to energize the checking circuit

and the matrices is ineff
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~ cation signal was not generated or was mutilated or di-

verted to a stray ground point in its transmission through

- the PBX switch train. In such an event, the matrix enable

15

20

29

gate would not be energized and the subsequent check sig-
nal would reveal to the control circuitry that although an
identification had been initiated, a valid write-in or identi-
fication had not in fact been made |
When such-a failure is indicated, the control cu*{:ultry
recycles and at least one more clear-write-check cycle

10 occurs. A predetermined number of such cycles may ad-

vantageously be allowed to occur until either the pre-
determined number of such cycles has been reached or
until a valid identification is made. Should the latter occur,
the i1nhibit signal referred to above is finally generated
and the system proceeds to bid for a data link, with
readout following shortly thereafter. If no valid identi-
fication is made during the predetermined number of

Trepetitive cycles, separate and independent timing means

are included to simulate a valid identification sequence
to the checking portion of the control circuitry. The first |
operation of this independent timer is arranged to make

-such a simulation after the termination of the final iden-

tification attempt; should this final identification be suc-
cessful, the need for this initial timing-out arrangement is
obviated. On the other hand, should there be a failure

to identify on this final one of the predetermined number
of attempts, this first operation of the independent timing

- means results in the same bid signal and subsequent read-

30

out of whatever data is stored in the matrices as was
adverted to above. |

The independent timer is uniguely arranged to prevent
tying up the ANI equipment for too long an interval
while awaiting the reply or command signal from the
central office. Thus, it can be arranged so that the second
independent operation of the timing means within the
control circuitry serves to disconnect the ANI equipment
from the particular trunk and station circuits involved

~ in the call to be identified. That is, should a period of
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unusually burdensome traffic conditions exist in the cen-
tral office equipment, the circuitry of the instant invention
is arranged to achieve the most efficient and economically
desirable result: to abandon the identification attempt

under such adverse although unusual circumstances.

Under all of these various circumstances and situations,
the termination of the readout sequence or the ultimate
decision to abandon identification serves to initiate the
scanning process until a new trunk seizure is detected.

In conjunction with the provision of automatic station
identification for PBX extensions, the problem of iden-
tifying operator or attendant positions on outgoing calls
arises. Such identification is, of course, desirable and nec-
essary for the same reasons heretofore mentioned with
reference to extension stations. That is, it may be conven-
ient to have a record of all outgoing central office service
requests (toll or otherwise) originated from PBX opera-
tor positions as well as from extensions. However, due

to the unique manner in which some operators are linked

to trunk circuits (e.g., by cord and jack arrangements or
by the trunk pickup key in the cordless PBX of the Wil-
liams patent supra, as contrasted with the PBX switch
train), it has priorly been difficult to secure the iden-
tification data of operator positions utilizing the same
equipment as for regular extensions. The instant invention
furnishes the desired operator identification without re-
quiring any additional equipment; the trunk number iden-
tification is made in the usual manner, and the operator

number identification is made through a unique use of

portions of the station number matrix.
It is therefore a feature of this invention that identi-

fication means acquire information data relating to a PBX

extension number initiating an outgoing central office
call independently of central office control.

Another feature of this invention includes facilities for
relmbly performing such data acquisition through the use

ective because the write identifi- 75 of multifunctional checking apparatus.
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It is a further feature of the present invention that ‘Ehe
‘dentification means secure the numbers of the calling

station and of the outgoing trunk seized by the PBX
switching train by:

(a) Directing a “clear” pulse to a trunk number matrix
and to a station number matrix,

(b) Directing a “write” pulse to the trunk number matrix
and to a matrix enable gate,

(¢c) Receiving at the station number matrix over the
switching train the pulse directed to the trunk number
matrix,

(d) Applying the signal received by the station number
matrix to a check storage element and to the matrix
enable gate, and

(¢) Validating the numbers in the respective matrices
with the output of the check storage element and the
matrix enable gate.

Still another feature of this invention includes facilities
for repeating the identification attempts a predetermined
plurality of times until a valid identification is made.

It is an additional feature of this invention that a dually
energizable matrix enable gate checks an identification
signal at different points in its transmission path.

Another feature of this invention includes synchronous
controlling means for avoiding overlapping or improperly
interacting electronic functions.

Another feature of this invention includes timing
means for recycling the identification equipment by simu-
lating additional successive start signals and for both
simulating a valid identification after a predetermined
number of identification attempts has been made and for
terminating the entire switching sequence should the data
receiving equipment fail to respond within a predeter-
mined time interval.

Yet another feature of this invention includes means
for providing automatic identification of outward-calling
operator positions by utilizing portions of the swtiching
matrices which ordinarily provide identification data only
for PBX extensions.

A complete understanding of the invention may be
gathered from the following description, the appended
claims and the drawing in which:

FIG. 1 is a block diagram showing one specific illustra-
tive embodiment of our identification system as applied
to a PBX telephone system;

FIG. 2 shows illustrative telephone stations, line cir-
cuits, connecting switches and trunk circuits in block
form, as well as a portion of the trunk sensing circuit;

FIG. 3 shows the remainder of the trunk sensing cir-
cuit;

FIG. 4 shows the trunk scanner circuit;

FIG. 5 shows a portion of the trunk number matrix
and the readout stepping switch portion of the readout
circuit;

FIG. 6 illustrates the outpulser, the matrix enable gate,
the trunk selector relays and the bus relay contact portion
of the relay tree;

FIG. 7 shows the three synchronizing gates for start-
ing identification, readout and scanning, and also shows
the supervision and sequence confrol circuitry;

FIG. 8 indicates the remainder of the trunk number
matrix and the group relay contact paths; |

FIG. 9 shows the remainder of the readout circuit in-
cluding the two-out-of-five readout gate, the readout en-
able gate, the parallel-to-serial data translator and the
readout advance gate;

FIG. 10 shows the pulser, amplifier and the clock
driver in block form and the detailed arrangement of the
pulse distributor, as well as symbolic representations of
the flip-flop and data transmitter portions of the data link;

FIG. 11 shows the hundreds-tens-units digifs cores of
the station number matrix;
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FIG. 12 shows the thousands digit cores of the station
number mairix (also utilized for operator position iden-
tification); |

FIG. 13 is a time diagram of the synchronous puise
schedule generated by the clock and pulse distributor
combination of F1G. 10; and

FIG. 14 indicates the manner in which FIGS. 2 through
12 should be placed together for a complete understand-
ing of the relationship of the figures.

GENERAL DESCRIPTION

This specific illustrative embodiment of our automatic
number identification system is disclosed in the context
of an applique or additional circuit to an eXisting private
branch exchange (PBX) telephone system. In this regard,
the invention may be considered as an adjunct to any of
the multitude of already existing PBX systems, or it may
be installed in conjunction with new PBX systems as they
are needed. Typical of the PBX systems to which this
invention may be applied are those shown in the R. D.
Williams patent cited supra and also that shown in H. H.
Abbott et al. Patent 2,981,804, issued Apr. 25, 1961,
However, it should be noted that the invention is clearly
capable. of being utilized in other applications and that
modifications of the system which, after a thorough un-
derstanding of the invention has been acquired will be
obvious to one skiiled in the art, may be made to adapt

the invention to central office telephone identification or

other related switching system use. Nevertheless, in order
to facilitate the descriptive analysis to follow inira, ap-
plication of the subject invention to a PBX will be as-
sumed.

Block diagram—FIG. 1

The block diagram of FIG. 1 indicates the general
means of interconnecting the various circuit blocks of the
invention to an illustrative switching circuit. The overall
arrangement, for example, may couple a PBX extension
to a central office for the purpose of making an “outside”
or toll call which necessitates access from the extension
to the central office; on the other hand, the switching
connection may return from the PBX to another exten-
sion on an intra-PBX call. The upper portion of FIG. 1
is devoted to indicating the general means in which the
switching connection may be established from an exten-
sion to a central office trunk circuit for the purpose of
initiating an outside service request as described above.
The lower portion of the figure, in conjunction with the
upper portion, includes the circuit blocks which modify
the existing circuitry in accordance with the invention.

In general, an attempt has been made in numbering
the block elements of FIG. 1 to provide, where possible,
a consistent relationship between the first digit or first
two digits of the number designations on FIG. 1 and the
fisure numbers of detailed FIGS. 2 through 12 on which
the circuitry within that block is more fully disclosed.
For example, the details of the block on FIG. 1 labeled
trunk scanner 40 will be found on FIG. 4; similarly, the
supervision and sequence control 78 as well as the other
blocks on FIG. 1 labeled 71-74 will all be found on FiG.
7. In certain cases, it has not been possible to follow this
numbering scheme. Thus, although the trunk sensing cir-
cuit is labeled 30 on FIG. 1, a small portion of this c¢ir-
cuit will be found on FIG. 2 as well as on FIG. 3. More-
over, the details of the trunk number matrix 58 are found
on FIGS. 5 and 8; the details of the station number ma-
trix 116 are found on FIGS. 11 and 12; the group relay
paths and trunk selector circuit 68 will be found on FIGS.
6 and 8; the bus relay tree 62 will be found entirely on
FIG. 6; and a portion of the readout circuit 95 is found

on FIG. 5 as well as on FiG. 9. As an additional point
of information, it should be noted that the synchronous
control of the system provided by the pulse schedule
shown in FIG. 13 is not indicated on the block diagram of
FIG. 1 in order to expedite the description at this point.,
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The structure and function of the pulsing cu'cultry will,
however, be fully covered in the detailed description.

The elements numbered 20-26 are all circuit blocks:

well known in the art which establish connections be-
tween PBX extension stations such as 2€¢ and 21 and also
from such stations to the outside lines over trunk circuits
such as 25 and 26 connecting the PBX switch train 24
to the central office 27. A typical intra-PBX call might,
for example, involve station extension 28 going off hook
and dialing, for example, the numerical designation of
extension 21; this would engage station line circuit 22
and establish a communications path through switching
equipment in the PBX switch train 24 to the station line
circuit 23 associated with extension 21. Should station 20
desire, on the other hand, to initiate a service request out-
side of the PBX, one of the plurality of trunk circuits,
only two of which are shown, must be engaged in order
to establish a connection to the central office 27. Thus, for

example, extension 20, having gone off hook and having

had local dial tone returned to it from the PBX, could
dial an illustrative one-digit designation such as the digit
9 in order to indicate that it desired to initiate an outsde
call. Detection of such a digit by the PBX switch train

24 will cause the seizure of one of a plurality of common
central office trunk circuits, for example, central office

trunk circuit 26, which has a physical appearance at the
central office 27. Assuming no unusual traflic conditions,
central office dial tone will be returned to PBX station
20 from the central office 27, thereby informing station
20 that dialing of the seven or more digits of the desired
called party may commence.

Much of this circuitry is disclosed or referred to in
the above-mentioned Williams and Abbott et al. patents.
However, automatic station identification of the extension
requesting outgoing call service is another matter. It is
here that the restricted PBX problem generally adverted
to above comes into play: Should the first three digits of
the number dialed by station 20 (after the trunk seizure)
represent an “allowed” area code or central office designa-
tion, the switching equipment in the PBX switch train 24
will permit the appropriately responsive equipment in the
central office 27 to establish the desired connection. As
mentioned above, existing switching systems do not pro-
vide for automatic identification of the calling extension
station however. On the other hand, if the initial few
d1g1ts mentioned above represent a prohlblted code or
office exchange, the PBX includes facilities for restricting
the connection of outgoing requesting station 20 to an
intercept circuit or to an attendant. Such an at—tendant_
may Inquire into the validity of the call and if it is deters
mined that the call is authorized, as it often is, the at-
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tion number of perhaps four digits, the identification of
which during the course of a given switching sequence
will allow identification of both the specific trunk circuit
and the PBX initiating the service request.

As applied to the instant invention, means may there-
fore be provided to identify the number of the trunk cir-
cuit seized on a central office service request from a PBX

‘extension and then to also identify the particular station

initiating the request. Such means will therefore furnish
all the necessary information about the identity of the
particular calling extension (i.e., from which PBX the call
is being originated and further, which extension at that .
PBX is initiating the request). The identification sequence
may then be arranged to furnish this identification data
to a cenfral office accounting system which may then
take appropriate measures to bill for example only toll
calls, the time duration of the call, etc,

| Iliusfmtive identification sequence—FIG, 1

- More specifically, let it be assumed that PBX extension
station 20 in FIG. 1 goes off hook and is thereby con-
nected over its tip and ring conductors through corre-
sponding station line circuit 22 to responsive switching
equipment in the PBX switch train 24. This is initiated
by the station’s dialing a digit indicative of a central office
service request, such as the digit 9. Well-known equipment
in the PBX seizes one of a plurality of central office frunk
circuits such as trunk circuit 26 and therefore establishes
a connection to the central office 27. This trunk seizure
also serves to initiate the identification procedure utilizing
the 1nvention and in most cases, such identification will

be completed prior to any further dialing by the extension
station. The trunk sensing circuit 30 is arranged to detect

™y

any outgoing central office trunk seizure at the PBX and
will thereby be appropriately affected by the above-

~assumed seizure of trunk circuit 26 in response to an out-

40

going - service request from extension station 20. The

sensing circult 30 is, however, a relatively “passive” cir-
cuit with connections to all of the trunks of a particular
PBX. The trunk scanner 40 is arranged to automatically
(commencing with the termination of a previous iden-
tification sequence) scan the individual sense blocks (not

| explicitly shown in FIG. 1 but see FIGS. 2 and 3) of the

45

o{)

tendant may set up the connection. The time-consuming

inconvenience of this and other related procedures in or-

der to identify the particular extension initiating such an

outgoing request need not be repeated at this juncture.

Jeviate this and other related dlflcultles

It may be noted at this point in general terms that each
central office trunk circuit such as 25 and 26 in FIG. 1
will be assigned a trunk identification number particularly

identifying that trunk with respect to other trunks from

other PBX’s. The central office 27 may be the terminating
point for many PBX’s and thus for a correspondingly in-

creased plurality of trunk circuits. The designation of each

of these trunk circuits will distinguish one from the other
both within a given PBX and from one PBX to another,
so that identification of the trunk number of a trunk cir-
cuit serves to identify not only the incoming trunk circuit
to the central office but also, in effect, the PBX which has
thereby been connected to the central o
ple, a PBX which has 2000 extension lines might be con-
nected by 50 or more trunk circuits to the central office;
under the designation system alluded to above, each of -
these trunk circuits would be given a separate identiﬁca—

99
Suffice it to say that the instant invention, the description -
of which follows immediately below, is arranged to als

65

70

Tice. For exam- -

75

sensmg circuit 30 searching for any detection of a trunk
seizure. When, as a result of its scanning procedure, the
scanner 40 1s informed by the sensing circuit 30 that trunk
circuit 26 has been seized, means are included in the
scanner for initiating - several . dependent switching

‘processes,

Initially, the scanning procedure is temporarily inter-
rupted. Concurrent with this interruption is the establish-
ment in the bus relay tree 62 and group relay paths and
trunk selector circuit 68 of an electrical path from the
outpulser 60 through the cores (not explicitly shown on
FIG. 1) of the trunk member matrix 58 corresponding

to the seized trunk circuit 26 and then to the sleeve of
the actual trunk circuit 26. The selection of the appro-

priate cores in the trunk matrix 58 is made by the related

-operation. of sensing circuit 30 and scanner 40 which
60

select}vely operate bus and group relays in the trunk selec-
tor circuit 68 to establish the singular path through the

.proper cores of the trunk matrix 58. Wired cross-connec-

tions from outgoing contacts of the group relay paths 68
to the sleeve of the central office trunk circuits complete
an electrical path that extends on the block diagram of
FIG. 1 (heavy line labeled “WRITE”) from the out-
pulser 60, through bus relay tree 62, through the trunk
matrix 58 through the group relay paths 68, over the
seized trunk circuit 26, back through the energized
switches of the PBX switch train 24, and from the sleeve

of the seized station line circuit 22 eorrespondmg to ex-

tension station 20 to individually responsive cores in the

‘station number matrix 110. This electrical path is further

extended from the cores of the station matrix 110 over

a common conneetmn therefrem to a checking element
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(not explicitly shown in FIG. 1) in the supervision and
sequence control circuit 76 and thence terminating in the
matrix enable gate 61.

This path is established approximately concurrently
with the detection of the seizure of the central office
trunk. Switching equipment within the trunk selector cir-
cuit 68 serves to also energize the start ANI (Automatic
Number Identification) circuit 71. This start ANI cir-
cuit 71, as well as many of the other circuits priorly men-
tioned and discussed below, is synchronously operated by
the pulse distributor circuit shown in detail on FIG. 10,
but which is not shown on the block diagram of FIG. 1
in order to avoid unduly complicating the description at
this point. Shortly following the energization of the
start ANI circuit 71 by the trunk selector circuit 68, a
“start” signal is delivered therefrom to the supervision
and sequence control circuit 70. Driven by the synchro-
nous timing means (not shown) and the start signal, the
supervision circuit 70 shortly thereafter generaies a
“clear” signal. Since recycle control gate 75 is not In-
hibited, the clear signal resets switching elements in the
outpulser 66, trunk matrix 58, station matrix 110 and the
readout circuit 85 over the path indicated in FIG. 1. Re-
sponsive to the clear signal and a timing pulse (not
shown), the outpulser 60 is energized and thereby gen-
erates the identification “write” signal. The write signal
is transmitted over two distinct paths: The first of these
paths directly connects the outpulser 60 with a first ter-
minal of the matrix enable gate 61 to indicate that a
legitimate write signal has been generated. The other path
traversed by the write signal (shown as a heavy line on
FIG. 1) includes the bus relay tree 62, the cores of the
trunk matrix 58 corresponding to the designated trunk
number of the seized trunk 26, the connecting contacts
of the group relay paths in circuit 68, the sleeve of the
actually seized trunk circuit 26, the energized switches
of the PBX switch train 24, the sleeve lead of the sta-
tion line circuit 22 associated with the off-hook extension
station 20, the cores of the station matrix 110 correspond-
ing to the extension designation of the off-hook station
(determined by appropriate cross connections from the
line circuits such as 22 and 23 to the cores in the station
matrix 110), out of the cores of the station matrix 110
over a common bus to a checking element (not shown)
in the supervision and sequence control circuit 70 and
finally to the second terminal of the matrix enable gate
61.

The transmission of the write signal to two different
terminals of the matrix enable gate 61 at two respectively
different points in the transmission path of the signal
provides significant additional reliability to the circuit.
The matrix enable gate 61 is arranged to be energized
only upon the concurrent presence of the “direct” signal
from the outpulser 60 as well as the more circuitous
“transmitted” signal through the cores.

The matrix enable gate 61 is a logic or AND circuit
providing a path to ground for the write pulse when it 18
energized, thereby only allowing or enabling operation
‘or switching of the cores of the matrices when it is prop-
erly energized. Thus should only the signal transmitted
circuitously through the matrices appear at the gate 61,
without a simultaneous direct signal from the outpulser
61, this is an indication that no identification is intended
and that instead some stray transient signal may have

occurred in the switching train 24. If this occurs, gate 61

is not enabled, no path to ground is provided, and the
signal is prevented from setting the matrix cores of a
check core, described further below.

If only the direct signal from the outpulser 60 is re-
ceived by gate 61, it is apparent that although the signal
was properly generated by the outpulser 60, the trans-
mitted signal through the cores and switches was some-
how lost or mutilated and no complete valid identification
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the check core will not be switched since the check core
is connected directly to ground through the gate 61,
which gate is not energized.

The checking element, which may, for example, be
a magnetic core, as discussed above, in the supervision
and sequence control circuit 70 and through which the
legitimate transmitted portion of the write signal passed,
is thereafter interrogated by a subsequent timing pulse.
Since it has been assumed that a valid identification has
been made, this interrogation will produce an affirma-
tive reply, resulting in the “bid” signal which requests a
data link connection to the central office. As long as no
unusually burdensome data traffic conditions exist in the
central office 27, the bid signal will be rapidly received
and processed by the appropriate central office equip-
ment and a data trunk included within data link 100 will
be reserved for and connected to the bidding PBX. That
this connection has been successfully and timely made
will be indicated to the readout circuitry of the identi-
fication system by the operation of switching equipment in
the data link 100 in response to the “command” signal
from the central office 27. The start readout circuit 72
is energized when the connection of data link 100 has
been made. The readout circuit 95 is thereby energized
by the “PMB” (pre-message bit) and sequentially reads
out the stored information from the matrices 58 and 110,
delivering back to the readout circuit 95 the trunk num-
ber from the trunk matrix 58 and the station number
from the station matrix 110. Facilities are included in
the readout circuit 95 for continuing the switching se-
quence by providing this data to the data link 100 to
thereby deliver it to the central office 27. When the last
bit of data has been read out from the matrices and de-
livered to the central office 27, the scan control circuit
74 is furnished with an “end readout” signal to so indicate.
The scan control circuit 74 is arranged to thereby ener-
gize the start scan circuit 73 which in turn re-energizes
the trunk scanner circuit 40 which now searches for the
detection of another trunk seizure by the trunk sensing
circuit 30.

As adverted to previously, it is desired to provide
similar identification data with respect to operator posi-
tions initiating central office service requests. Since these
positions in some cases do not connect to the regular
group of station line circuits which serve PBX extensions,
some singular steps must be taken to avoid the necessity
of providing additional matrices just for the identification
of a relatively few operator positions.

In FIG. 1, a symbolic operator switchboard 28 includes
facilities for several illustrative operator positions. When
a position such as 28B initiates an outside call (e.g., by
patching a cord directly to a trunk appearance on the
switchboard console or depressing a trunk pickup key as
in the cordless PBX’s of the Williams and Abbott et al.
patents), a central office trunk circuit is seized directly
without use of the switching equipment within switch train
24. As with an ordinary PBX extension, a clear signal
is generated, followed by a write signal. The write signal
travels back to the seized trunk (giving the trunk number
identification in the same manner as described above) and
directly therefrom to the sleeve of the calling operator
position. Then, instead of proceeding to the station num-
ber matrix 110 through a station line circuit (such as
line circuit 22) serving an extension station, the write
signal proceeds directly to a special portion of matrix
110 (not shown separately from matrix 110 on FIG. I;
but see FIG. 12). By proper cross-connections and un-
usual magnetic switching techniques to be more fully de-
scribed in the detailed description below, individual iden-
tification of the *station number” of the calling operator

position is. secured. And yet, as will be seen below, sev-

“eral of the same cores of matrix 11¢ which usually iden-

tify a particular PBX extension are used here to provide
operator position identification. It will be seen that this

has occurred, While some of the matrix cores may be set, 75 allows for flexible assignment of operation position num-
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bers while also obviating the need for additional matrices
that such flexible assignment would otherwise require.

Despite the normally reliable operation of this _system;_

1t is at least statistically possible that no valid identifica-
tion will be made on the first attempt. This will be in-
dicated to the circuit, as adverted to above, by the failure
of matrix enable gate 61 to be properly energized. If no
reliability features were included in the invention, the
subsequent interrogation signal of the checking element
within the supervision and sequence control circuit 70

would, of course, produce no affirmative response and

either no data or only a part thereof would ever be de-
ltvered to the central office 27 for correct identification
and billing of of the calling extension. |

Means are therefore provided in the supervision and
- sequence conirol circuit 70 to initiate a predetermined
number of additional identification attempts. Such means
are energized by the start signal from the start ANI cir-
cuit 71 as well as by selected timing pulses. A valid iden-
tification sequence on the first or one of the subsequent
attempts provide a “repeat inhibit” signal from the super-
vision circuit 76 to the repeat inhibit lead of recycle
control gate 75; however, in the absence of a valid iden-
tification, no such signal is generated. The repetitive means
within the supervision circuit 70 is, in the absence of the
repeat inhibit signal, arranged to provide through ener-
gized gate 75 an additional clear signal to the outpulser
69, trunk matrix 58, station matrix 110 and readout cir-
cuit 95. . -

In fact, an entirely “new” clear-write-check cycle oc-

curs as if there had been no initial identification attempt.
These cycles will continue until one of these terminating
events occur: first, if a valid identification is subsequently

made within a predetermined number of attempts, the
circuit is arranged to provide the priorly mentioned re-

peat inhibit signal to curtail further cycles by inhibiting

recycle control gate 75; on the other hand, if no valid
identification is made within the predetermined number
of attempts, a timing arrangement so indicates and also
arrests further clear-write-check cycles. This timing ar-
rangement operates by simulating a valid identification
to the checking element (e.g., a magnetic core) within
the supervision and sequence control circuit 70, Thus,
when the interrogation of this element occurs, an affirma-
tive reply will obtain, thus resulting in the bid-command-
readout sequence referred to, as well as the arresting of
subsequent clear-write-check cycles. Although it may at
first impression appear that readout following the failure
to get a valid identification would be futile, this is by

‘no means always the case. Rather, since the most prob-

able cause of identification failure is the diversion of the

14 ' :

- of a partial or complete identification failure; the partial

10

15

20

20

30

35

40

45

50

transmitted write signal to an erroneocus ground within

the PBX switch train 24 after the signal has passed through
the selected cores of the trunk matrix corresponding to
the seized trunk circuit 26, some information is still ob-
tainable. Thus, although no cores of the station matrix
110 will be set and the gate 61 will not have been ener-
gized, the appropriate cores in the trunk matrix 58 have
indeed been properly set and it is therefore clearly desir-
-able to have at least this data transmitted to the central
office. o

The usefulness of this information can be noted by re-

ferring again to the manner in which the trunk number

designations are assigned. It will be recalled that identi-

fication of the trunk number associated with the seized

trunk circuit such as 26 in FIG. 1, in fact, serves to iden-
tity the PBX itself. Thus, when centralized accounting
equipment (not shown) indicates to storage equipment at
central office 27 (which has assumedly received only the

trunk number) that it now is prepared to receive the..

data with reference to the originating call, the accounting
equipment may, for example, be arranged to bill the call
to the overall PBX directory number in the case of a
failure to secure the extension station number. Such “pilot

‘billing” is one method of alternate treatment in the case*
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failure referred to herein whereby only the trunk num-
ber is acquired may also be dealt with by energizing
equipment either in central office 27 or in the centralized

“accounting equipment which will result in operator in-

tervention under these unusual circumstances.

When the timing equipment in the supervision and
sequence control circuit 70 has, after a predetermined
time interval, simulated a valid identification sequence
resulting in the partial readout referred to above, the
bid-command-readout cycle follows as if there had been
a valid identification and the end of the readout se-
quence similarly results in the re-emergization of the
trunk scanner circuit 49. This timing equipment is also
arranged to govern the length of the time interval dur-
ing. which a legitimate data link response (the com-
mand signal) may be returned from the central office
27 to the data link 100. This portion of the timing cir-
cuit, to be discussed in detail below, operates independ-
ently of the validity of any prior identification attempts.
Thus, even if the first identification attempt referred to
above had been successful, and this had been followed
by the proper bid signal requesting the data link, in the
rare sifuation where no proper data connection can be
ade between the PBX and the central office 27 within -
a given time interval, the timing equipment within super-
vision and sequence control circuit 70 is arranged to
release all connections and to cause scanning to com-
mence again through the energization of scan control

circuit 74 and start scan circuit 73. Thus, under these

unlikely circumstances, a connection will have been estab-
lished between an extension at a PBX and central office
switching equipment without the usually associated identi-
fication normally provided for in the instant invention

having been made.

DETAILED DESCRIPTION
INDEX FOR DETAILED DESCRIPTION

I. General Operatidn | -
II. Circuit Blocks and Magnetic Control
III. Synchronous Timing Control -

1V. Illustrative PBX—Typical Requirements

A. Trunks and Extensions
B. Operator Positions
C. Identification Matrices
V. lllustrative Identification of Central Office Trunk
Seizure—QOutgoing Call
A. Trunk Seizure
B. Detection of Trunk Seizure
C. Trunk Scanning
(1) Scan Group Advance
D. Scanning Detects Trunk Seizure
E. Operation of Bus and Group Relays
F. Identification Sequence
(1) START Signal
(2) Control of Recycle Timer
(3) CLEAR Signal
(4) WRITE Signal |
(5) Path of WRITE Signals
G. Check Feature .
(1) Case I-—Valid First Attempt Identification
(a) CHECK Signal -
(b) BID and REPEAT INHIBIT Signals
(c) Central Office Reply
(d) Start of Readout
| (1) Pre-Message Bit ,
(i1) Readout Advance Gate
(iii) Parallel-to-Serial - Data Trans-
lator (PSDT) |
(1v) Readout Stepping Switch
(v) Bias Cores | |
~ (vi) Shifting of Data Through PSDT
(e) End of Readout | |
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(f) Scanner Restarts and Timers Reset
(2) Case II—Initial Identification Failure with
Successful Identification Subsequent to First
Attempt -
(3) Case III—No Complete Identification
Within Five Attempts

(4) Time-Out Timer—Additional Supervisory.

Functions
VI. Identification of Operator Position on Outgoing Call
A. Number Assignment |
B. Illustrative Operator Position Outgoing Call
C. Path of WRITE Signals

I. GENERAL OPERATION

It may be initially helpful to discuss not only the de-
tailed contents of each of the figures of the drawing -but
also the relationship which those figures bear to each
other. Thus, the upper portion of FIG. 2 shows the ex-
fension stations, station line circuits, PBX switch train
and central office trunk circuits much in the same man-
ner as those respective portions are indicated on the block
diagram of FIG. 1. Stations 20 and 21 in FIG. 2 are
respectively labeled “Extension 2467” and “Extension
2425.” those being the assigned PBX extension numbers
for those stations. As indicated on FIG. 2, only two such
stations are shown for illustrative purposes, each of them
connecting to respective station line circuits 22 and 23
which are connectable either to each other or to a central

office trunk circuit by means of the PBX switch train 24. -

For the illustrative PBX to be described herein, thirty
central office trunks will be assumed to connect the PBX
switch train 24 to the local central office; of these thirty
trunk circuits, shown in block form on FIG. 2, only
trunk circuits 1, 2, 6 and 39 are specifically indicated,
with parenthetical designations of their assigned trunk
numbers for purposes of identification. For example, il-
lustrating the complete flexibility of trunk number as-
signment, trunk circuit 1 may be assigned trunk jdenti-
fication number 1215, whereas immediately adjacent trunk
circuit 2 may have trunk number 1450 for purposes of
identification.

Trunk sensing circuit 30 comprises five trunk sense
oroups numbered 1 through 5, groups 1 and 2 being
shown on FIG. 3 and group 5 being indicated on FIG. 2.
With reference to trunk sense group 1 shown in detail
on FIG. 3, such a group is equipped to detect a central
office trunk seizure of any of six of the thirty trunk cir-
cuits mentioned above. To achieve this, cabled connec-
tions connect detectors 301-306 to trunks 1 through 6,
respectively, so that detector 301 of trunk sense group 1
will detect a seizure of trunk circuit 1 with identification
number 1215 on FIG. 2. (That is, trunk sense group 1
detects seizure of any of trunks 1 through 6, trunk sense
group 2 detects seizure of any of trunks 7 through 12,
etc.)

Once a trunk seizure has been detected, storage in one
of thirty cores such as 351-356 so indicates. At the com-
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mencement of any particular switching sequence, the

trunk scanner circuit 40 shown in FIG. 4 sequentially
scans the storage cores of the trunk sensing circuit 39
over leads SC1-SC6. This scanner is essentially a re-
entrant stepping switch under the control of stepping
transistor 400 which, as will be fully explained below,
sequentially activates transistors 401-406 to provide the
scanning signals to the various storage cores in the trunk
sense groups 1-5. Following a trunk seizure and its de-
tection by the sense-scanner combination, further scan-
ning is interrupted by the inhibiting of core 410 which
controls stepping transistor 490. Additionally, one of
relays 6GP1-6GP5 on FIG. 6 will operate dependent
upon the one of the five groups in which the seized trunk
is located: one or two of relays 6B0-6B2 will alsc oper-
ate to establish a connection from the outpulser 60 over
one of the six bus paths of the bus relay tree 62 shown
on FIG. 6 to selected cores of the trunk number matrix
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58 shown on FIGS. 5 and 8. The operation of one of the
five relays 6GP1-6GP5 at its respective contacts in F1G.
8 completes the electrical path from the cores of the
trunk number matrix 58 to the actually-seized trunk cir-
cuit of FIG. 2. Trunk selector circuit 68, accordingly,
selects the appropriate cores of trunk number matrix 38
through which the to-be-generated WRITE signal will
pass by input and output relay contact steering. That is,
the operation of one or two of relays 6B0-6B2 deter-
mines the “position” of the seized trunk within an indi-
vidual group (by selecting one of six input paths), and
the operation of one of five relays 6GP1-6GPS provides
the output steering back to the actually-seized trunk Cir-
cuit by determining the one of five groups in which the
seized trunk is located. |

Also operating in response to the detection of a trunk
seizure is relay 6CON on FIG. 6 which activates start
ANI gate 71, and the “time-out timer” of FIG. 7. A
“START” signal is thereafter provided from start ANI
gate 71 to windings on cores 751 and 771, the former
being thereafter switched to result in the provision of
the “CLEAR” signal and the latter to be thereafter
switched to energize the recycle control circuit 75 which
in turn energizes the recycle timer 77. The CLEAR sig-
nal as indicated passes through controlling core 606 of
outpulser 60, all the cores or trunk number matrix 58
(FIGS. 5 and 8) and of station number matrix 116
(FIGS. 11 and 12), and terminates at negative battery
through core 501 of the readout stepping switch of
readout circuit 95 (FIG. 5).

The outpulser 6¢ is then energized to provide the
«“WRITE” pulse over two distinct paths, one going to the
matrix enable gate 61 and the second being transmitted
over the selected one of the six bus paths BUS 1-6 (FIG.
6) and thence to the cores of the trunk number matrix
58 corresponding to the identification mumber of the
seized trunk, over the operated contact of the selected
6GP~ relay and over the cross-connection from the se-
lected relay tree path back to the seized trunk of FIG.

2 From the trunk, the signal proceeds back over the

PBX switch train 24 to the energized station line circuit
and via similar cross-connections through the appropriate
cores of the station number matrix 110 (FIGS. 11 and
12) and finally through check core 760 (FIG. 7) to
matrix enable gate 61. (Gate 61 is thus termed a “matrix
enable gate” because it must be energized before the ap-
propriate station matrix cores will be set or “enabled.”)
This switching step is followed by a “CHECK” signal
to check core 760, the switching of which indicates a
valid identification which results in a “BID” signal for
a ceniral office data link and also inhibits further timing
operations by the recycle timer by conirolling transistor
770 of recycle control circuit 75 with the “REPEAT
INHIBIT” signal. (The BID signal, in operating relay
7SZR, also causes the release of the relay tree 62 and
of the group relay paths part of circuit 68.)

Readout of the stored data in the trunk and station
number matrices begins in response to the connection
of a central office data trunk to the circuit. The parallel-
to-serial data translator (PSDT) 915 shown on FIG. 9 as
part of a readout circuit 95 is activated by the reply from
the data trunk and allows the readout stepping switch
on FIG. 5 to sequentially apply readout pulses to the
four groups of digit cores of each of the matrices in se-
quence. Sense windings of all of the matrix cores furnish
the stored data to the PSDT 915 through the two-out-of-
five readout gate also shown on FIG. 5. Synchronously

controlled shifting then reads the data out from the PSDT

915 to the output flip-flop 188 and thence to the data
transmitter 109 of FIG. 10, the latter transmitting this
data over the data trunk (not shown) to the central

office. (Data transmitter 109 may illustratively be of the

type disclosed in H. J. White application Ser. No. 253,-
375, filed Jan. 23, 1963, now Patent 3,204,200, 1ssued
Aug. 31, 1965.) When the last bit of data has been read
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out, the 7TEND relay on FIG. 7 operates as part of scan
control circuit 74, through paths described 1n detail
below, and scanning by the trunk scanner circuit 40 is
thereby caused to begin again, |
In the absence of a valid 1dept1ﬁcat10n on the first at-
tempt as assumed above, the recycle timer 77 on FIG.
7 1s arranged to start the CLEAR-WRITE-CHECK
cycle anew for a predetermined plurality of additional
attempts; these additional attempts will continue until
either a valid identification is made, at which time re-
cycle control transistor 77% is arranged to prevent further
recycle attempts, or until a predetermined time interval
determined by the time-out timer on FIG. 7 has elapsed,

at which time the recycle control circuit 75 similarly

arrests further repetitive cycles. The time-out timer there-
by serves to place an upper limit on the number of re-
cycle attempts, terminating them at the first time-out;
this timer also serves to operate the 7TEND relay, allow-
ing scanning to commence again after its second time-
out period has elapsed. Since the time-out timer is con-
trolled only by the detection of a trunk seizure, an upper

limit of two time-out intervals is also placed on the period

of time during which a data link may be connected and
data read out as described in .general terms above.

IL. CIRCUIT BLOCKS AND MAGNETIC CONTROL

‘Throughout this disclosure, magnetic core switching

techniques are employed to store information, as in the
trunk and station number matrices, and to control the
switching of PNPN transistors, as in supervision and
sequence control circuit 76¢. The nomenclature and sym-
bolism: used throughout the drawing and specification
will be in general accord with that utilized in the article
“Pulse-Switching Circuits Using Magnetic Cores,” by
M. Karnaugh, I.R.E. Proceedings, volume 43, pages

570-583 (May 1955). To provide additional elucidation

- of certain singular techniques of magnetic core control,
two specific core-PNPN operations wﬂl be described at
this point.

First, consider the start scan gate 73 shown in FIG. 7.
Basically, this gate provides for the commencement of
scanning after the termination of a particular identifica-
tion, at which point relay 6CON will have been released.
Relay 6CON released, at its transfer contact 1 in FIG. 7,
removes negative battery from the control base electrode
of PNPN transistor 73¢ (and places resistive ground
thereon) and allows the resultant positive-going pulse
superimposed with the Tog “strobe” pulse (see Section
IIT infra) to turn this transistor on as soon as the back-
bias of Zener diode 708Z is overcome (in phase with
Tos). Transistor 730 is turned on and this allows the pas-
sage of a Ty timing pulse downward through winding A
of core 731. Winding A of core 731 has more turns than
winding B. (Alternatively, more ampere-turns are fur-
nished by the pulse passing through winding A than
through winding B.) Accordingly, the T5 pulse delivered
through winding A switches core 731 to the left even

though the T, pulse delivered through winding B tends
to maintain core 731 switched to the right. This “over-

ride” effect, switching core 731 to the left, will furn on

transistor 732 and thereby allow a Ty pulse (still in
phase with the same T,) to be transmitted through the

active electrode path of transistor 732 and to proceed as.
the START SCAN signal through cores 741, 742 and

410. Transistor 730 remains conductive, allowing subse-
quent T, pulses through winding A to continue io over-
ride T, pulses through winding B, thereby maintaining
core 731 switched to the left. Only when the 6CON relay
operates (at the beginning of an identification sequence),
placing negative battery on the control electrode of tran-
sistor 730, will that transistor go off. The following T,
pulse, passing only through winding B, then serves to set
core 731 back to the right. Start scan gate 73 thus ex-
hibits a “one shot” type of operation.

5
~shown on FIG. 10; this switch, from a practical
point, 1s operated only when the system is installed and
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A more complex winding control arrangement is in-
dicated with respect to core 410 which controls the trunk
scanner 40 by controlling its transistor 406, Windings A
through F are shown wound on core 4190 and the core
and 1its related circuitry function as follows. Winding A
receives the system reset signal from the symbolic switch
View-

sets core 410 to the right. (The scanner is, in effect,
started for the first time by the system reset pulse; all
subsequent starts are accomplished by the START SCAN
signal infra.) A “normal” starting sequence will be as-
sumed, whereby core 410 was switched to the left foliow-
ing the end of a prior scanning operation. |
The START SCAN signal generated as described above
by the start scan gate 73 proceeds upward to negative
battery through winding F and switches core 410 to the

Tight; due to the relative orientation of windings F and C,

the latter being the pick-up winding for transistor 4909,
transistor 406 is not energized at this time. However,
when a T; pulse then passes upward through winding E,
switching core 418 back to the left, transistor 409 turns on
due to the relative orientation of windings E and C. Now
that transistor 408 is “on,” a simultaneous Ty» pulse may
be transmitted through the active electrode path of tran-
sistor 43¢ and upward through winding B on core 410 and
thence through a winding on each of cores 411-416 and
out as the trigger signal through resistor Rerie to the
trunk sensing circuit 30. This signal switches one of cores
411-416 to energize one of transistors 401-406 respec-
tively, thus providing a scanning signal on one of leads
SC1-5Cs. It will be noted that the passage of this pulse
in an upward direction through winding B serves to switch
core 410 back to the right in what may be described as
a “self-setting” operation. Winding E on core 410 is now
ready to receive the next T; pulse to cause trunk scan-
ner 40 to sequentially scan each of the leads SC1i-SC6:
no separate resetting circuit is required.

This alfernate right-to-left sequence continues until a
trunk seizure is detected (see below) which results, inter
alia, in the firing of scan inhibit transistor 423. Now, when
a Ty, pulse passes upward through winding B tending
to “self-set” core 410 to the right, an inhibit signal (a
concurrent Tys pulse) can pass downwardly through in-
hibiting winding D on core 410 and to negative battery
through transistor 423. The passage of this Ty, pulse
through winding D attempts to set core 41§ to the left:
the T'; pulse which passed through winding E to switch
core 41¢ to the left still maintains a magnetomotive force
in that direction. And since the impedance in the path of
winding B is made greater than that in series with winding
D, the magnetomotive forces associated with windings D
and E override the magnetomotive force of the T, pulse
going up through winding B and the core is thus inhibited
from switching to the right until a subsequent START
SCAN signal arrives at winding F. (This will not occur
until a complete identification sequence has been com-
pleted as indicated by the operation of the 7TEND relay
which causes the 6CON relay to release.)

IIL. SYNCHRONOUS TIMING CONTROL

As discussed previously, this system is operated under
the synchmnous control of a centralized timing mech—
anism,

Considering the pulse schedule of FIG. 13, the upper-
most portmn thereof indicates the le pulse wave form
which is the basic driving and energizing signal for many
of the circuit blocks of the subject system, The pulse dis-
tributor 101 shown in detail on FIG. 10 serves to “dis-
tribute” the Ty, pulse in accordance with a predetermined
switching pattern so that PNPN transistors 162 and 104
selectively pass alternate pulses of the Ty, pulse train,
thereby resulting in the T; and the T, separate pulse trains

also shown in the second and third lines of FIG. 13.

75 Finally, the T;g and Tyg pulse trains operate as “strobe”
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or synchronizing pulses to operate, for example, the syn-
chronizing gates 71-73 on FIG. 7. These strobe pulses
are in actuality relatively low amplitude “blips” which
coincide with the leading edge of their respective power
counterparts; that is, T;g coincides with the leading edge
of T, and Tyg coincides with the leading edge of Ty. The
manner in which pulse distributor 181 distributes and
penerates these pulses will now be described.

Initially, regardless of the magnetic orientation of cores
163 and 165 which respectively control distributor tran-
sistors 162 and 184, system reset switch 1815, which may
in fact be operated only once prior to the instaliation of
this system, is operated and causes core 103 to switch to
the right and core 185 to switch to the left. Clock and
driver circuit 166 and pulser and amplifier circuit 187 co-
operate once system operation has commenced to gen-
erate the Ty, pulse train at a predetermined rate. (A sam-
ple illustrative rate might be approximately 1470 puises
per second, so that the time separation between succes-
sive Ty, pulses or alternately from a T, phase to a 13
phase, both of which separations are indicated on FIG.
13 at ¢, would be approximately 0.68 millisecond.)

Thus, the T, pulses begin to be delivered to pulse
distributor 161 with core 103 set to the right and core
105 set to the left, The first Ty pulse will therefore be
seen to affect only core 183 in proceeding to negative bat-
tery within the distributor 101; core 103 is switched to
the left, whereas core 105 being already saturated in the
left direction does not switch. The switching of core 103
and the relative orientation of its Tys drive winding and
the Tie strobe winding (the furthest right-hand winding
on core 103) result in the generation of a Tig strobe or
synchronization pulse. It may be noted that this pulse is
of very small relative magnitude since it represents only
the induced voltage pick-up when core 183 switches. The
T,s strobe pulse is employed in FIG. 7 to synchronize
the driving of the recycle and time-out timers. When core
103 switches, the relative orientation of its Typ drive
winding and its dependent transistor 102 control wind-
ing is such that transistor 102 turns on. Transistor
182 in the “on” condition transmits a concurrent Tig
pulse to circuit blocks on FIGS. 4, 6 and 7 as the T
phase of the driving pulses.

The T, phase pulse also passes through a winding on
the other control core 165 which switches that core to
the right. However, the switching of core 105 which oc-
curs coincident with the T; pulse, does not turn on tran-
sistor 104 because of the relative arrangement of the
winding energized by T; and the pick-up winding con-
nected to the control electrode of transistor 194. Thus,
after the generation of Ty, core 103 is switched to the
left and core 185 is switched to the right. The next Tis
pulse delivered from the pulser and amplifier circuit 107
to the drive windings on each of cores 183 and 193 1s in-
effective with respect to core 103 but switches core 1635
to the left. This switching of core 105 results in the gen-
eration of a Tag strobe pulse (transmitted to FIG. 7) in
the identical manner as that described with respect to
Tis. In addition, transistor 184 is energized by virtue of
a positive inductive pick-up being delivered to its control
electrode from the winding on core 105. In this energized
state, transistor 104 passes a coincident Ty9 pulse through
its active electrode path to serve several Ty synchronizing
functions. First, over lead REO a readout drive signal is
delivered to the readout stepping switch (part of readout
circuit 5) on FIG. 5; it will later be seen with respect
to the description of the readout procedure that the step-
ping switch is only stepped to achieve sequential readout
if the readout advance gate consisting of PINPN tran-
sistor 942 is energized. Secondly, the Tis pulse 1s frans-
mitted to various circuit portions on FIGS. 7 and 9 as a
T, timing pulse. Another function served by the T,y pulse
passing through an energized transistor 104 is the setting
of control core 183 to the right to prepare this core to
receive the next Ty pulse and thus commence the timing
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cycle anew. That is, after the generation of a Ty pulse,
core 103 is switched to the right while core 105 1s
switched to the left, these orientations being the same as
those which existed when the timing cycle began.

IV. ILLUSTRATIVE PBX—TYPICAL REQUIRE-
MENTS

A. Trunks and extensions

The specific illustrative embodiment of our invention
described herein comprises a PBX which will be assumed
to have the overall or “pilot” directory number CH
3-1000 and will also include facilities for-at least two
thousand extension stations internally numbered 2000-
3999, Since it is the number of extensions and outgoing
traffic requirements of these stations which largely deter-
mine the number of required outgoing trunk circuits con-
necting the PBX to the CH 3 central office, we can also
assume that, as an illustrative number, 30 trunk circuits
will be sufficient to serve the PBX. It is understood that
additional trunk circuits can always be added as exten-
sions and outgoing traffic increase. Two typical extension
stations 2@ and 21 are shown in FIG. 2 having been as-
signed four-digit extensions 2467 and 2425 respectively.
Each of these stations has a corresponding station line
circuit such as 22 and 23 connecting the extension to the
PBX switch train 24.

Trunk circuits 1 through 3@ connect PBX switch train
24 to responsive central office equipment (not shown).
Cf these 30 trunks, only four are shown in block form on
FIG. 2 and those which are so shown are indicated by
parentheses within the blocks to have been assigned flexi-
ble four-digit trunk number designations. Thus, referring
to FIG. 2, trunk circuit 1 is designated by the four-digit
number 1215, trunk circuit 2 is designated by 1450, trunk
circuit 6 is designated by 1492 and trunk cir-
cuit 30 is designated by 2039. As has been previously
discussed, the assignment of these four-digit trunk num-
bers can be made on a relatively random basis. More-

over, if there is only one trunk circuit identified by the

designation 1215 (e.g., trunk circuit 1) connecting any
PBX to the CH 3 central office, it is apparent that an
identification which includes a trunk number of 1215
specifically identifies the CH 3-1000 PBX.

B. Operator positions

Before describing the matrices and other dependent cir-
cuit blocks required by the size of the assumed PBX in
the instant invention, an introduction to the identification
of operator-initiated outgoing service requests appears de-
sirable. Any of a plurality of operator positions in illus-
trative switchboard 28 (¥FIG. 2) may initiate an outgoing
service request to seize a trunk by plugging in a cord to
one of a plurality of available trunk access terminals on
the switchboard console 28, or by depressing a trunk pick-
up key as described in the Williams and Abbott et al.
patents. For the purposes of the following description, it
will be assumed that -at the CH 3-1000 PBX there are
several attendants or operator positions, three of which
(28A, 28B and 28N) are symbolically shown on the
switchboard 28; each of these pcsitions may respond to
an operator service request from one of the PBX exten-
sions in a predetermined group and may also seize any of
a plurality of central office trunk circuits within a prede-
termined group directly by cord or key. (Thus, operator
position 28A may have access to trunk 1-5, position 288
may have access to trunk 6-10, etc. In practice, as is well
known, some overlapping between positions may be pro-
vided so that different attendants to some extent may be
able to seize the same trunks.)

At this point, it will only be mentioned and will be
observable from FIG. 2 that the peculiar manner in
which any of operator positions 28A—Z8MN can seize a trunk
and the different location of these positions’ sleeve leads
relative to those of the extension stations, require certain




3,346,700

21

unique freatment in order to fully identify the operator
position (by a four-digit identification number) on an
outgoing service request. Moreover, it is often desirable
Or necessary to assign to operator positions identification
numbers which do not conform to the normal PBX exten-
sion numbers assigned in accordance with the internal
P8X numbering plan. Thus, although the hypothetical
CH 3-1000 PBX is arranged to have only four-digit ex-
tensions between 2000 and 3999, it may be required to
have operator position  identification numbers beginning
with the thousands digit 1, 4, 5, etc. The instant inven-
tion allows for this type of number assignment without
requiring any additional matrices. By reference to FIGS.

2 and 12 it will be seen that pursuant to these require-

ments, connections are made from the sleecve leads of
each of the operator positions directly to the thousands
part of station number matrix 120 shown on FIG. 12.

This thousands part of station number matrix 110
serves a dual function: In addition to providing the identi-
fication of the thousands digit of a PBX extension number
(via a cross-connection from the hundreds-tens-units part
of station number matrix 119 shown on FIG. 11), it also
furnishes “listed number” identification for operator posi-
tions (via a cross-connection from the originating opera-
tor position sleeve on switchboard 28). The analysis of
the exact manner and nature of this dual function identi-
fication will, however, be reserved from the description
below (Section VI) referring to a sample operator-ini-
tiated call. |

C. Identification matrices

It will be recalled that the specific embodiment of a
PBX described herein has an illustrative 2000 extensions
(or at least was designed for a capacity of 2000 exten-
stons) internally numbered 2000-3999 and has thirty
trunk circuits illustrated in block form in FIG. 2. With
reference to the trunk number matrix 58 shown in FIGS.
5 and 8, it may be seen that there are ten cores for each

digit of the trunk number for a total of forty digit cores

and a bias core TKB in the entire matrix 58. When a par-
ticular trunk is seized, and is specifically determined by
the operation of one of the five relays 6GP1-6GP5 and
one cr two of the relays 6B0-6B2 (thereby establishing
a single electrical path from one of the buses 1-8 on
F1G. 6 through one of the six transfer contacts -6 as-
sociated with the operated one of the relays 6GP1-6GP5
on FIG. 8—i.e.,, one of six buses in combination with
one of five group relays completely determines the one
of thirty trunks seized), a path will be set up from the
outpulser 60 to one of the thirty write inputs (only seven
of which are shown) to the trunk number matrix 58.

In proceeding from right to left in FIGS. 5 and 8 il-
lustrating the trunk number matrix 58, one of cores
STHO-5TH?2 will be set downward to indicate the hun-
dreds digit of the trunk number, one of cores 8T{—8T9
will be set downward to indicate the tens digit of the
trunk number and one of cores 8U8-8U9 will be set
downward to indicate the units digit of the trunk num-
ber. (The description of trunk bias core TKB will be de-
ferred until readout is discussed.) It may therefore be
concluded at this point that one trunk number matrix
such as 58 is sufficient to satisfy the trunk identification
needs of the illustrative PBX. |

The station number matrix 110 appears in two parts,
a hundreds-tens-units (H-T-U) part on FIG. 11 and a
thousands part of FIG. 12. The H-T-U portion on FIiG.
11 consists of thirty digit cores, ten each for the units,
tens and hundreds digits of the calling station number,
and a bias core STAB,. The thcusands part of the matrix
110 shown on FIG. 12 consists of ten identification cores
and one bias core STAR, one of the former of which

will furnish the thousands digit of the station number or
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of the calling operator position. Thus, when a station

number identification is to be made, a WRITE signal
finds its way back from the sleeve lead of the calling ex-

22,

tension over the cabled path traversing FIGS. 2, 5, 8 and
11 to one of 100 inputs to the H-T-U matrix. One of
cores EUG-11UY will be set downward to indicate the
units digit of the station number, one of cores 11T¢-
1372 will be set downward to indicate the tens disit of
the station- number and one of cores 11HO-11HS will
be set downward to indicate the hundreds digit of the
station number, Only one of cores 11HO-11H9 in the
typical H-T-U part of the station number matrix 110
labeled on FIG. 11 as the “2400 group” (for identifica-
tion numbers 2400-2499) will be set because of the in-
dividual cross-connection from only one of those ten
cores to a terminal connected to a winding on only one
of cores 12H$-12H9 on the thousands part of statio
number matrix 118 shown on FIG. 12. !
It may therefore be noted that for our assumed 2000
extensions, twenty different matrices such as the H-T-U
part shown on FIG. 11 will be required, each of these
H-T-U portions furnishing identification data for 100 ex-
tensions. However, it is equally clear that only one of the
FIG. 12 thousands part of station number matrix 110
will be required, cross-connections being made from the
various H-T-U portions (only the 2400 group ‘being
shown) to either the input terminal to a winding on core
§2TH2 or 1ZTH3 in accordance with the internal PBX
numbering plan adverted to above. Thus, with respect to
the 2400 group illustrated on FIG. 11, a cross-connection
is illustrated from a terminal 4 connected to a winding on
core 11H4 to a terminal 2 connected to a winding on
core 12TH2; this completely specifies the thousands digit
(2) and the hundreds digit (4) applicable to the 2400

Iustrative cross-connections are also shown to some of
the lower set of terminals OP8-OP9 on FIG. 12, the 1l-
lustrated cross-connections being to terminals OP®, OP1
and OP? associated with the uppermost windings on cores
12THG, 12THE and 12TH9 respectively. These cross-
connections come from operator positions such as Z8A,
238B and 28N on FIG. 2. By virtue of being connected to
core 12TH1, it will be seen that operator position 28B is
assigned, for station identification purposes, the thousands
digit 1; in the description of a sample operator-initiated
call below, it will be seen that the remaining three digits
of the operator identification number are assigned in a
somewhat “parasitic” fashion based on the connection of

lead OP from FIG. 12 to input lead 2400 to the matrix
of FIG. 11.

V. ILLUSTRATIVE IDENTIFICATION OF CEN.
TRAL OFFICE TRUNK SEIZURE—OUTGOING
CALL

In order to fully describe the manner in which the in-
stant invention operates, there follows the sequential
switching procedure attendant upon initiation of an out-
going service request by a typical PBX extension. The ex-
tension stations 2% and 21 with four-digit station identi-
fication numbers 2467 and 2425, respectively on FIG. 2
are again merely illustrative of the much greater plurality
of similar extensions connecting to the CH 3-1000 PBX.

- Similarly, trunk circuits 1-30, each with their respective

four-digit trunk identification numbers in parentheses on
F1G. 2, are merely shown in symbolic form ; such trunk
circutts, which may be seized in random fashion by
switches within PBX switch train 24 in response to out-
going service requests from any of a plurality of PBX
extensions, may be of the general type disclosed in the
previously cited H. H. Abbott et al. patent. As has also
been previously mentioned, the assignment of trunk iden-
tification numbers to each of the trunk circuits 1-39 on
FIG. 2 can be made in a relatively random and flexible -
manner; it will be assumed that no two trunk circuits con-

necting any PBX to the CH 3 central office are 1dentically

designated. From a practical viewpoint, the thirty trunk

circuits associated with the CH 3-1000 PBX actually oc-

75 cupy thirty separate line appearances terminating at the
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CH 3 central office. That is, as is often the case in central
offices, the line appearances corresponding to directory
numbers CH 3—1000 though CH 3-1029 are occupied by
the thirty terminating trunks from the CH 3-1000 PBX.
This naturally precludes the assignment to private iines of
any directory numbers in this group. As far as the central
office is concerned, trunk circuit 1 on FIG. 2 might have
been identified at the central office by the number 1000,
trunk circuit 2 being identified as 1001, trunk circuit § as
1005 and trunk circuit 30 as 1029, However, the numeri-
cal assicnment of trunk numbers according to the instant
invention requires no adherence to such central office des-
ignations although the two numbering systems may, if de-
sired, coincide. To illustrate the flexibility in trunk num-
ber assignment associated with the insiant invention, no
such coincidence will be assumed herein, although it
should be understood that it is easily obtainable.

A. Trunk seizure

It will be assumed at this point that PBX extension
station 20 with four-digit station identification number
2467 initiates a service request by going off-hook and
thereby engaging station line circuit 22 and responsive
equipment in the local PBX switch train Z4. This returns
local dial tone to extension 20. Station 26 now indicates
its desire to initiate an outside call (either a cail to the
local dialing area or a toll DDD call, for example) by
dialing the digit 9. Equipment within switch train 24 is
thereby energized to result in the seizure of one of trunk
circuits 1-30 on FIG. 2. Let it be assumed that trunk
circuit 6 (corresponding to trunk circuit Zé on r1G. 1)
with four-digit trunk identification number 145z 1S SO
seized.

B. Detection of trunk seizure

Seized trunk circuit § with identification number 1492
is the sixth trunk in group 1 of the five groups of trunk
circuits connecting the CH 3-1000 PBX to the CH 3 office.
Each of the trunk circuits 1-3% is connecied to a sepa-
rate sense circuit block such as 3¢6 for trunk circuit 6
in the trunk’s respective sense group suich as trunk sense
oroup 1 for trunks 1-6. Thus, by a connection shown as
4 common cable from the trunk circuits on FIG. 2, an
individual path exists from trunk circuit 6 to sense block
306 in trunk sense group 1.

When a two-way trunk, such as trunk circuit 6, 1S
seized on an outgoing call, it applies a positive battery
signal to lead 6A prior to grounding lead €B. On the
other hand, if trunk circuit é is seized on an incoming
call, lead 6B will be energized prior to 6A. Since it 1S as-
sumed that identification only of outgoing calls is desired,
circuit block 306 is arranged to be energized only when
an input signal on lead A prececes a similar signal on
lead 6B. This is achieved by means of capacitor 6C which
first discharees in response to the initial signal over lead
6A, and then charges through the active clectrode path
of transistor 348 when that transistor is subsequently
turned on in response to the signal on lead 6B. The charg-
ing signal from capacitor 6C proceeds through the active
electrode path of transistor 349 and down througn a
winding on core 356, setting that core toO the right, and
thence over common bus 358 for trunk sense group 1 to
negative battery SCB. To avoid possible errors which
micht result from the simultanecus scanning (by trunk
scanner 40) and sensing (by one of the sense groups of
trunk sensing circuit 38) of a sense core (such as 358),
an arrangement is included to prevent the firing of any
sense transistor (such as 340) in phase with Typ. This 1S
done by feeding a portion of the Ty, pulse to the bus 359
common to all the output electrodes of the sense tran-
sistors in each sense group. This back-biases these tran-
sistors during the Ty, pulses and prevents them from firing
until a Ty, pulse has terminated. Since scanning OVer leads

SC1-SC6 occurs in phase with T; pulses (in phase with
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alternate Tye pulses), there can be no 1mproper simul-
taneous switching of the sense cores. |

In response to the seizure of trunk circuit 6 by an out-
coing service request from PBX extension 20, sensing
core 356 in trunk sensing circuit 30 has been set to the
right and now awaits the reception of a gcanning signal
through its scanning winding. It can now be seen that if
lend 6B of detector block 306 were energized first, capaci-
tor 6C would not charge and core 356 would not switch.

C. Trunk scanning

At the end of a previous identification sequence, the
6CON relay (FIG. 6) will have released in response o
the operation of the 7TEND relay (FIG. 7) and in so doing
will have energized start scan gate 73. This results in the
provision of the START SCAN signal through the bottom
windines on cores 741 and 742 setting both those cores
in the mpward direction (but transistor 740 1s not ener-
gized) and upward through winding ¥ on core 4190 setting
that core to the right. Trunk scanner 40 is arranged to
sequentially scan the different sense groups of trunk sens-
ing circuit 30 over common multipled (among trunk sense
oroups 1-8) leads SC1-SCé under the control of core
410 and transistor 400 as follows:

it will be recalled that the START SCAN signal set
core 419 to the right in phase with a Ty pulse so that
according to the pulse schedule of FIG. 13, it 1s apparent
that the next power pulse (i.e., Ty, Tg or Tyg as opposed
to the lower amplitude Tyg and Tyg strobe pulses) which
will affect trunk scanner 40 will be the T; pulse trans-
mitted upward through winding E on core 410 10 negative
battery. This signal switches core 416 to the left and
causes transistor 400 to turn on and to pass another
coincident Ty, pulse through the active electrode path
of transistor 4089 and upward through winding B on core
410 and thence through a winding on each of cores 411-
216 and then as the trigser signal through resistor Rogrig
and over the TRIG lead to winding E on a core such as
369 in each of the five trunk sense groups 1-5 of the trunk
sensing circuit 39. The system reset signal having previ-
ously set core 366 in trunk sensing group 1 to the left

. through winding F thereon over lead SR, this core 369
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is now switched to the right by the triggering signal over
lead TRIG and in so switching turns on sense gating
transistor 342. Core 410 is self-set back to the right
by the passage of the trigger signal upward through wind-
ing B.

Passage of the trigger signal through the windings on
each of cores 411-416 is effective as follows: Of cores
411-416, the only one affected by this signal, which
attempts to set these cores in an upward direction, is core
411 which was the only core previously switched in the
downward direction (in response to either the system reset
signal over lead SR or from a previous scanning sequence
which had transmitted a pulse from transistor 406 out
to scan lead SC6). All the other cores 412416 are at
this time already switched in the upward direction and are
therefore saturated and will not be switched by the
triggering signal.

Core 411 thus switches in response to the signal pro-
ceeding thereto from winding B of core 410, firing fran-
sistor 401, and still in coincident phase with the T; pulse
which originated the entire sequence, a T,y pulse 1s passed
through the active electrode path of transistor 481 to set
core 412 in the downward direction (overriding the signal
from winding B of core 410 which would tend to maintain
core 412 in an upward oriented direction). This Ty pulse
is transmitted out of the scanner 40 over lead SC1 and
scans sense core 351 of trunk sense group 1 in the trunk
sensing circuit 38. This scanning is achieved by the scan
signal of lead SC1 passing through the far right winding
on core 351 and attempting to set that core to the left;
a sense core such as 351 will only switch, however, if it
has been previously swiiched to the right in response to
the detection of a trunk seizure by its associated sense
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transistor circuit, in this case indicated by the block 361.
Under the instant assumption, whereby seizure of trunk
circuit ¢ energizes sense circuit block 306 and switches
core 336, no detection will be made at this time.

Since the switching of core 360 in response to the
trigger signal, supra, turned on transistor 342, the scanning
signal over lead SC1 may find a complete electrical path
from the scanned winding on core 351 through diode D1,
through the active electrode path of transistor 342 and in
a self-setting sequence to negative battery through winding
D and resistor RGP1, thereby resetting core 366 back to
the left to prepare it for the next trigger signal. (The
scan signal transmitted through the active electrode path
of transistor 342 cannot pass through windings B or C
on core 36 due to the “off” state in which scan group
advance transistor 407 is at this time.)

At the termination of the Ty phase pulse, the critical
core orientations are: core 41¢ is set to the right, core

412 is the only one of cores 411-416 switched in the

downward direction, and core 360 is. switched in the
left direction. When the next T, pulse passes through
winding E, a similar switching sequence as that described
above takes place whereby cores 416, 412 and 368 are
switched in phase with this second T pulse. As a result
of these cores having switched, their respective transistors

400, 402 and 342 turn on, transistor 400 providing the

trigger signal to switch core 368, transistor 402 providing
the second scan signal over lead SC2 to scan core 352
and transistor 342 providing a path for this SC2 signal
to proceed through the scan winding on core 352 to reset
(ie., “self-set”) core 366 as before. Since according to
our assumption, supra, only core 356 is set to the right
indicating detection of a trunk seizure, the SCZ signal
also has no effect on core 352. |

The scanning procedure by trunk scanner 40 proceeds

by sequential signals over scanning leads SC3-SC5 with
similar “ineffective” results. After the SC5 signal has
-scanned core 355, only core 416 of cores 411-416 is sef

down. When the next scanning step occurs in response to

the following T; pulse having energized winding E on
core 410 in the manner described above, the trigger
signal switches core 416, turning on transistor 4¢6, and
the SC6 scan signal simultaneously having set core 411
downward in a re-entrant manner, now sScans sense core

356. Since core 356 had been the only sense core previ-

ously set to the right, this SCé attempt to set it back to

the left is successful and the core switches. Before pro-
ceeding with a specific description of the results of core

356 having so switched in accordance with our specific
example, it is believed to be instructive at this point to
indicate the manner in which scanner 4§ is advanced to
scan the other trunk sense group cores. |

(1) Scan group advance.—In order for the trunk
scanner 44 to scan the various circuit blocks of the frunk
sénse groups in addition to group 1, we have included
arrangeéments to advance the scanning procedure past
group 1 once the energization of transistor 406 has caused
scan signal SC6 to scan sense core 356. The manner in
which scanning is advanced from group 1 to group 2
will be indicated below, the advancing from group 2 to
the other groups and then back to group 1 being readily
apparent therefrom. When core 416 in trunk scanner 4@
1s switched by the trigger signal from transistor 400 to
allow for the SC6 scan signal through transistor 466, a
pickup winding on core 416 inductively couples a positive
polarity signal to the base control electrode of scan group
advance t{ransistor 407. Transistor 407 therefore turns
on at precisely the same time as does transistor 406.

In turning on, transistor 467 provides negative battery
through its active electrode path and over the ADV ad-
vance lead to the cathode of diode DA1 of trunk sense
group 1. Now, when the SC6 scan signal proceeds through
the scan winding on the final sixth core (356) to be
scanned in trunk sense group 1, it proceeds through diode
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D6 and through the active electrode path of transistor
342 and thence through winding B or core 368 and
through a winding similar to winding C on a core corre-
sponding to core 360 in each of trunk sense groups 2-5
over the mput-output lead path comprising leads 33 and
36 relating to each of these groups. The signal further
passes from lead 36 connected to trunk sense group 5
back to lead 33 of trunk sense group 1 and upward
through winding C on core 360 to the negative battery
on the ADV lead through diode DAZX. Thus, the totality
of input signals to windings on core 360 coincident with
this sixth T; pulse is as follows: The trigger signal over
lead TRIG upward through winding E on core 360, tend-
ing to set that core to the right and through a similar
winding on each of the other similar cores in each of the
other groups tending to set those cores to the right; the
scan signal SC6 upward through winding B of core 369
tending to set that core to the right and to lead 33 of the
corresponding core (not shown) in trunk sense group 2
tending to set that core to the left and also upward
through winding C on core 360 tending to set that core

- to left. Althoungh the trigger signal to winding E on core
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360 was effective to switch that core, the cumulative
effect of the trigger signal still passing through winding
E when added to the scanning signal passing through
winding B overrides the attempt of the same scanning
signal to set core 368 to the left through winding C. (The
scanning signal is almost completely ineffective in respect
to winding D because of the higher impedance to negative
battery represented by resistor RGP1 on FIG. 3.)

Thus, core 360 is switched to the right by the trigger
signal over lead TRIG upward through winding E, but the
self-setting sequence normally operative is at this point
inhibited. Core 368 remains switched to the right and is
thus unaffected by subsequent trigger signals over lead
TRIG until the scanning of trunk sense group 5 has been
completed as indicated by a signal from lead 36 of trunk
sense group J into lead 33 of trunk sense group 1 which
resets core 360 back to the left and allows for scanning
of trunk sense group 1. Meanwhile, the sense gate core
in trunk sense group 2 (corresponding to core 360 in trunk
sense group 1) has received a signal from lead 36 of
frunk sense group 1 to lead 33 of trunk sense group 2,
passing the scan signal through its winding C tending to
set the core to the left. A concurrent signal (the trigger
signal) has proceeded through its winding E from lead
35 on trunk sense group 1 to lead 32 on trunk sense group
2 tending to maintain that core in its right-oriented di-
rection. However, the signal through the C winding tend-
ing to switch the core to the left is arranged to override
the signal through the E winding due to the increased
impedance represented by resistor Rpgrg in the path of
the trigger signal to winding E. The ampere-turns through
winding C tending to switch the gating core in trunk sense
group 2 to the left therefore exceed those tending to main-
tain the core switched to the right, and the core does in
fact switch to the left. The gating core in trunk sense group
2 1s now prepared to be switched through 6 successive
left-right switching cycles while the circuit blocks of trunk
sense group 2 are scanned by the SCI-SC6 scan signals
from the trunk scanner 46. All the other gating cores (in
trunk sense groups 1 and 3 through 5) are presently
switched to the right and will thereby unaffected by any

-trigger signals until their scanning “turn” arrives. Scan-

ning advance preceeds in an identical manner from group
1 to group 5 and then back to group 1 again until a
seized trunk is detected at which point the scanning pro-
cedure is temporarily interrupted as indicated below.

D. Scanning detects trunk seizure—Effects of switching of
sense core 356 in response to scanning signal |

The switching of sense core 356, indicating the detec-
tion of the seizure of trunk circuit 6 in accordance with
the above assumption, provides a proper polarity induc-

75 tive output on three output windings to turn on group tran-
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sistor 341 and bus relay control transistors 421 and 422
(the latter two over leads /1 and /2 connected to wind-

ings on core 356). This switching, it will be recalled, is

occurring in phase with a T; pulse and the energization
of each of transistors 341, 421 and 422 provides an Oper-
ating path for a different relay of the trunk selector relays
on FIG. 6. Tt may be observed that a positive pulse may
proceed through the windings of each of relays 6GP1,
682 and 6B1 of the trunk selector part of circuit 8 on
FIG. 6. These positive signals proceeding through the
active electrode paths of transistors 343, 422 and 421
respectively, to negative potential source 51 on FI1G. 4,
serve to provide a positive signal to the control base elec-
trodes of scan inhibit transistor 423 and transistor 424
prior to the actual operation of the three relays mentioned
above,

" The energization of scan inhibit transistor 423 serves
to inhibit further scanning at this time by trunk scanner
‘40 by providing a path to negative battery for a Ty pulse
downward through winding D on core 410 establishing
a magnetomotive force which, when added 1o the mag-
netomotive force associated with winding E, will override
the normally greater magnetomotive force associated with
winding B. Core 418, therefore, remains switched to the
left, unaffected by subsequent T; pulses through winding
E, until the 7END relay operates at the end of the identi-
fication sequence to remove the holding ground at ifs
break contact 1 this releases the 6CON relay and aliows
start scan gate 73 to provide a START SCAN signal to
set core 410 to the right, thus starting scanning again.

E. Operation of bus and group relays

As mentioned above, the energization of transistors
341, 422 and 421 provide operating paths for relays 6GP1,
6B2 and 6BI, respectively, which then operate. The se-
lection of one of the six bus inputs 1-6 on FIG. 6 1s made
by the combined operation of relays 6B1 and 6B82. It will
be seen that when relays 6B1 and 6B2 operate, the only
one of buses 1—6 which establishes a complete path be-
tween the outpulser 60 and the cabled output theretrom
to the trunk number matrix 58 on FIG. 5 is bus 6, by
virtue of the operated condition of relays 6B1 and 6B2
and the normal unoperated condition of relays 6B6. A
completed path now exists from the outpulser 60 to the
input to the trunk number matrix 58 over the normal
break portion of transfer contact 6 of relay 6B9, the make
portion of transfer contact 6 of relay 6B2 and the make
portion of transfer contact 6 of relay 6B81.

The operation of group relay 6GFI, indicating that
the seized trunk is in group 1 and has been detected by
the operation of one of the six circuit blocks in the
trunk sense group 1, provides the output steering from
the trunk number matrix 58 on FIG. 8 and finally deter-
mines which one of the 30 paths through the trunk num-
ber matrix 58 has been selected. The selected path repre-
senting the seized trunk 6 is indicated at the output of
the trunk number matrix 58 on FIG. 8 by the operation
of transfer contacts 1-& of relay 6GFP1. However, the
only one of these 6 paths which coincides with a com-
pleted path (bus §) through the bus network on FiG. 6
is the one connecting to trunk & through the make por-
tion of transfer contact 6 of relay 6GP1. The complete
electrical path thereby established can be seen to proceed
from the outpulser ¢ through bus 6, through a winding
on each of trunk number matrix cores 5STHI1, 5H4, 81%
and 8U2 (corresponding to identification number 145Z
for trunk 6 as indicated above). -

From the winding on core 8§U2, the path is established
through the make portion of transfer contact 6 of relay
6GP1 and over the cabled connection representing a
cross connection to the sleeve of the actually seized trunk
circuit 6 shown in block form on FIG. 2. It will be recog-
nized that since PBX extension 28 is itself connected
to seized trunk 6, the path may be further extended bacx

from trunk circuit 6 through the PBX switch train 24
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to station line circuit 22 associated with extension Z§. A
cross connection from the sleeve of station line circuit
22, represented by the cabled connection crossing FIGS.
2, 5, 8 and 11 connects the energized station’s sleeve to
the appropriate lead of the hundreds-tens-units part of
station number matrix 119 (for the 2400 group) corre-
sponding to the assigned extension number associated
with calling extension 29, ie., input lead 2467 on FIG.
11. The complete utilization of this path will be described
more fully with respect to the write-in identification pro-
cedure infra.

F. Identification sequence

(1) START signal—The energization of transistor
4324 mentioned above provides an operating path for a
positive pulse through the winding of control relay 6CON
(to negative battery over lead C and through the active
electrode path of transistor 424 to negative battery).
Relay 6CON on FIG. 6 thereby operates and at its trans-
fer contact 1, inhibits the operation of start scan gate 73
by connecting negative battery to the control electrode
of transistor 739 thus disabling that transistor.

The combination of the closure of its make contact 2
and the opening of its break contact 3 serves to remove
negative battery from the control electrode of transistor
710 in start ANI gate 71 and to thereby furnish a posi-
tively increasing signal (by virtue of the coupled capaci-
tor) to the base of transistor 71¢. As with the start scan
gate 73, this positive-going signal in conjunction with Tsg
strobe pulses also delivered to the base of transistor 716
serves to initially energize start ANI gate 71 by turning
on transistor 710.

The recycle timer including transistor 772 has nega-
tive battery removed from the base of transistor 772 by
the opening of break contact 4 on the 6CON relay; this
prepares the recycle timer to be subsequently energized
(by timing pulses charging capacitor CRT) when the re-
cycle control including transistor 776¢ is energized, to be
described infra.

The time-out timer, which is independent of any such
control, is energized at this time by the removal of nega-
tive battery from the base of transistor 773 in response
to the opening of the break portion of 6CON relay trans-
fer contact 5, so Ty pulses may now begin to charge ca-
pacitor CTO from a T; bus through resistor RTO, diode
DTO and the operated make portion of 6CON relay trans-
fer contact 5. As will be more fully described below, the
time-out timer will only operate when transistor 773 is
energized in response to the breaking down of Zener
diode 7737 when the charge on capacitor CTO reaches a
certain predetermined threshold value.

Finally, at its make contact 6, relay 6CON provides
a ground closure to the winding of the 7TEND relay; this
relay does not operate however until transistor 740 is
energized. ‘

With respect to start ANI gate 71, the energization of
transistor 710 when the back bias of Zener diode 7067
is overcome allows a T, power pulse to switch core 711
to the left, thereby energizing transistor 712 which in
turn allows a Ty, pulse to proceed through the active
electrode path of transistor 712 and out of the start ANI
gate 71 as the START signal.

In proceeding to negative potential source SRC, the
START signal sets core 751 up (overriding the coincident
T, pulse tending to maintain core 751 in a downward
direction because of the windings’ turns ratio and the
appropriate disparity in values between resistor RCK
and RST) and also sets core 771 in the upward direction.
Although both cores 751 and 771 are switched upward in
response to this START signal which is in phase with T,
their respectively controlled transistors 73§ and 770 are
not energized at this time.

- (2) Ceoentrol of recycle timer.—Referring to the pulse
schedule of FIG. 13, it will be secen that the nexi power
pulse which can affect any of the thusly set cores is a Ty
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pulse through the lowest winding on core 771, resetting
that core downward and thereby turning on recycle con-
trol transistor 770. When transistor 778 fires, a Ty5 power
pulse in phase with the T; pulse which turned on the
- transistor can pass through the active electrode path of

transistor 77¢ through a self-setting (upward) winding |

on core 771 to negative battery through the resistor RRC.
This resets core 771 preparing it for the next T, pulse and
also increases the potential connected to the upper plate
of capacitor CRT through resistor RRT and diode DRT,
thereby allowing capacitor CRT to begin to charge in a

cumulative stepping fashion in phase with the T, pulses .

connected to its lower plate. Each successive T; pulse
thereafter causes core 771 to go through a set-reset cycle
identical to that described immediately above and ca-
pacitor CRT continues to be charged. When, in phase with
such a T; pulse, the charge on capacitor CRT exceeds
the back bias provided by Zener diode 772Z, the recycle
timer turns on by the energization of transistor 772. A
signal, the utility of which will be described below with
_reference to the unsuccessful identification attempt de-

scription (Case II), is transmitted to the lower winding

on start core 751 to thereby set that core upward and
thus simulate a legitimate signal from start ANI gate 71.

When capacitor CRT has fully discharged to negative

battery through the active electrode path of transistor
772, transistor 772 turns off and the charging cycle of
~capacttor CRT may commence anew. The periodic tim-
ing interval for the recycle timer may be controlled by
selecting appropriately valued elements for Zener dicde
77227, capacitor CRT and resistor RRT; a typical illus-
trative periodic interval could be arranged to be approxi-

mately 200 milliseconds. (Since a typical illustrative peri-

~odic interval for the time-out timer could be, for exam-

ple, one second, it may be initially seen at this point that

five successive cycles of the recycle timer might be per-

mitted before time-out occurs.)
(3) CLEAR signal.—It will be recalled that core 751

~was swiftched upward in response to the START signal

which was in phase with a T, timing pulse. On the next
Ty pulse which was observed to have commenced the
energization of the recycle control circuit and the recycle
timer, core 751 remains unaffected. However, the follow-
1ng timing signal is a Ty pulse which passes through a
winding on core 751 to reset that core in the downward
directton. (The same Ty pulse passes to negative poten-
tial source SRC through resistor RCK through a wind-
ing on core 760, but as this core is normally set in the
downward direction, the instant T, pulse does not affect

that core.) When core 751 is thereby switched, transistor -

750 is energized, allowing a Ty pulse to proceed through
the active electrode path of transistor 75¢ and out from
the supervision and sequence confrol circuit 7§ as the
CLEAR signal.

The CLEAR signal is arranged to reset in the proper

switching orientation any cores in the circuit which might
in any way have been either erroneously switched by a
stray transient signal or which were perhaps not read out
during the course of a prior identification. (The purpose

of the CLEAR signal is more apparent with respect to ad-

- ditional identification attempts following an initial fail-
ure; see, for example, the “Case II” description below in
Section G.2.) The CLEAR signal initially proceeds to the

outpulser 6¢ where outpulser control core 636, normally

switched to the left, is switched to the right to prepare for

the generation (see next section, infra) of the WRITE
signal. However, due to the polarity relationship belween
the core 606 clear winding and the control windings con-
nected to the base electrodes of outpulser transistors 691—
604, these transistors remain in the “off” state.

The CLEAR signal further proceeds through all the
cores of the trunk number matrix 58 insuring that those
cores are definitely set in the upward direction, and has
‘the ;same effect on the cores of .the H-T-U part. of station
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number matrix 110 shown on FIG. 11. With respect to
the thousands part of station number matrix 11% shown
on FiG. 12, the CLLEAR signal insures that all of those
cores are set in the downward direction. -

Finaily, the CLEAR signal proceeds from the thousands
part of the station number matrix 11¢ and traverses
FIGS. 9, 6 and 5 and goes to negative battery through a
winding on core 381 of the readout stepping switch of
readout circuit 95, switcihng that core to the right and
thereby preparing it for the readout procedure to occur
later on i1n the identification sequence when a T, pulse
appears on readout lead REQO after readout advance gate
fransistor 942 has fired. | -

(4) WRITE signal.—At this point in the switching se-
quence, it may be recalled that the CLEAR signal had
set core ¢8O to the right coincidently with a T, phase
pulse. PNPN transistors 601—684 are thus still in the “off”
condition, no positive signal having vet been received by
their control base electrodes.

Capacitors 681C-694C have been charging in parallel
in response to T3 power pulses through respectively cor-
responding resistors 601R—-604R to negative potential
source 6435. These capacitors are arranged to be fully
charged when or before core 606 switches to the right in
response to the CLEAR signal The next timing pulse
which affects outpulser €9 is a T; pulse upward through
the left-hand winding on outpulser core 605 which
switches that core back to the left. The polarity relation-
ship between this T;-responsive winding and the windings
connected to the control electrodes of each of transistors
6016084 is appropriate to turn on each of these transis-

tors. The energization of transistors 691-604 serves to

39

40

45

o0

29

60

G5

70

h

601634 turn off

-connect, by means of the active electrode paths of each

of these ftransistors, capacitors 681C-604C in series
whereas they had been charged in parallel. It is apparent
that, assuming equally charged capacitors, the voltage
magnitude of the pulse appearing at the output of the out-
pulser 60 (connecting initially to check gate 61) is four
times the charge on a single one of the capacitors. That
is, the outpulser 60 as shown operates as a fourfold voli-
age multiplier or “quadrupler.” |
‘This relativety high voltage short duration pulse, (e.g.,
200 volts for 30 microseconds) proceeding initially to the
matrix enable gate 61 and then to the one available bus
of the six buses 1-6, is the WRITE signal. When capaci-
tors 6®1C~6940 have been fully discharged, transistors
[ allowing capacitors 601(?—604(3 to be
reconnected in parallel for the purpose of recharging. Cut-
pulser core 606 remains switched to the left and will not
generate any subsequent WRITE signals unless and until
another CLEAR signal switches core 606 back to the right

to subsequently allow the serial connection of capacitors
- 661C-604C, If the identification sequence is successful
on the first attempt, as will initially be assumed below

(Case I), no CLEAR signal will arrive from the supervi-
sion and sequence control circuit 70 until another iden-
tification is called for. Capacitors 601C-694C may, there-
fore, charge to their maximum voltage limited by source
605 and the T4 charging puise. However, should another
attempt be required for any given identification to be
successfully made, it will be seen that separate CLEAR
signals will allow for the generation of the appmprlate

number of corresponding WRITE signals.

(5) Path of WRITE signals.—To facilitate the follow-
ing description, the single WRITE signal will be analyzed
in an elecirically equivalent manner as two separate
WRITE signals, WRITE; and WRITE,. Since it will be
seen that matrix enable gate 61 is ultimately responsive

-to both of these WRITE signals, it is sufficient to say at
‘this point that the matrix enable gate 61 will not be prop-
‘erly energized to allow the transmission of the WRITE

signals unless both WRITE; and WRITE, coincidently af-

fect the control and input electrodes respectively of gate
transistor 610. Thus, lmtlally, the WRITE;, SIgnal pro-
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ceeds directly from the outpulser- 60 to the control base
electrode of transistor 618 in gate 61.

The function of the WRITE, signal is to properly set
all the appropriate cores in trunk number matrix 58 and
in both parts of station number matrix 119, as well as
indicating, by setting check core 768, that a successful
identification has been made, and finally proceeding to
ground through the active electrode path of transistor
610 of maitrix enable gate 61. As will be more fully de-
veloped below, the instant invention assumes (and it 1S a
valid electrical assumption) that if check core 768 is set
in the upward direction by the WRITE, signal, all the

appropriate cores in the two matrices will also have been

properly set.

In accordance with the electrical path previcusly es-
tablished, the WRITE, signal may be seen to be trans-
mitted through the only one of the six bus paths providing
a completed connection, i.e., bus 6, to the appropriate one
of the five bus 6 input leads at the right-hand side of
trunk number matrix 58 on FIG. 5. As noted before, with
output steering having selected the proper one of these
five leads by the operation of the §GP1 relay, the WRIlE,
signal proceeds from right to left over trunk number mai-
rix lead 1492 corresponding to the identification number
of seized trunk circuit 6. The cores in the trunk number
matrix 88 which are thereby set in a downward direction
by the WRITE, signal, are cores STH1, 5H4, 8§19 and
8U?2. The signal then proceeds out of the trunk number
matrix 58 through the make side of 6GP1 relay transfer
contact 6 and over the cabled cross-connection to the
sleeve lead of seized trunk circuit ¢ on FIG. 2.

From the sleeve lead of seized trunk circuit 6, the
WRITE, signal proceeds over the only available electrical
path back through the energized switches in the PBX
switch train 24 which connect station line circuit 22, cor-
responding to calling extension 20, to the switch train.
After having been transmitted over the sleeve lead of line
circuit 22, the WRITE, signal proceeds over the cabled
cross-connection shown traversing FIGS. 2, 5, 8 and 11
to the appropriate one of the one-hundred identification
inputs to the hundreds-tens-units part of station number
matrix 110. Since calling extension 28 has been assigned,
according to our prior assumption, PBX extension 2467,
the cross-connection from the sleeve lead of station line
circuit 22 is to input identification lead 2467 of the H-T-U
part of station number matrix 110. In proceeding through
this part of the station number matrix 110, the WRIILE;
signal switches the following cores downward: cores
11U7, 11T6, and, due to the only available path out of
this part of the station number matrix 110 by virtue of
the single cross-connection unique to the 2400 group,
core 1iHa4. |

The WRITE, signal proceeds over the 2400 group
cross-connection to terminal 2 of the thousands part of
station number matrix 116, setting core 12TH upwards
throuch winding B thereon and proceeding out to the
common bus over FIGS. 9, 6 and 7, on the last of which
it sets check core 760 up by passing through its upper-
most winding (a portion of the signal also goes through
shunting resistor RSH). Finally, the pulse is transmitted

from this winding on core 76% to the input of the active

electrode path of transistor 618 of matrix enable gate 61,
going to ground within gate é1.

It may be noted, therefore, that matrix enable gate
61 is in the nature of an AND gate in that it provides a
safety feature. More specifically, transistor 61¢ of gate 61
will not be fully energized if either the WRITE; or
WRITE, signals is missing. The WRITE; signal would be
absent whereas the WRITE, signal would be present
under circumstances such as a false identification pulse
generated by an erronecus transient or stray signal ema-
nating from for example, the PBX switch tram 24 or
similar switching equipment. However, neither the matrix
cores nor the check core would be set (i.e., matrix not
“enabled”) in that situation due to the blocking eftect {o
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oround presented by the “off” condition of gate transistor
610. On the other hand, the presence of the WRITE; sig-
nal and the absence of the corresponding WRITE, signal
might occur where a legitimate identification sequence
had, in fact, been initiated, but where the WRITE; sig-

nal was either mutilated in its transmission back to gate
61 or perhaps diverted to a stray ground within the PBX

switch train 24 after having only set the appropriate cores
in the trunk number matrix 58. (There only need be suffi-
cient mutilation or loss so that shunting resistor RSH
diverts encugh of the remaining signal from the shunted
winding on core 768% to prevent that core’s being set. Re-
sistor RSH can be said to require a minimum threshold
level for setting core 769, this level being higher than that
for the matrix cores.) In either of these sitnations, check
core 760 in the supervision and sequence control circuit
7§ will not have been set and the invention is arranged
to thereupon make additional identification attempts.

G. Check feature
(1) Case I—Valid first attempt identification.—

(a) CHECK signal: For the purposes of this portion of
the description, it is assumed that this first attempt to
make an identification of the seized trunk and the calling
extension identification numbers is successful. (This will
be the situation in the vast majority of cases.) Following

- this assumption, check core 760 will have been set in the

upward direction by the passage through its uppermost
winding of the WRITE, signal as indicated immediately
supra. It will now be helpful to recall that the entire
write-in sequence, involving the setting of the matrix and
check cores, all occurred in phase with the T; pulse which
energized the outpulser 63. When the next Ty pulse then
proceeds to negative battery SRC through resistor RCK
on FIG. 7, although it will have no effect on core 751 it
will have the important effect of switching check core
760 downward; it is for this reason that this particular
T, pulse is denominated as the CHECK signal.

(b) BID and REPEAT INHIBIT signals—When this
T, CHECK signal switches check core 769, both tran-
sistors 761 and 762 turn on. In turning on, transistor 761
provides an operating path to negative battery through
the winding of symbolic supervisory relay 78ZR through
the active electrode path of transistor 761. Relay 7SZR
iilustratively symbolizes a central office supervisory con-
trol circuit (not shown) which is located, as is relay 7SZR,
at the PBX; its function is to request of the central office
a connection to the readout and data transmitting equip-
ment of the instant invention, of .a data link such as 100
shown in block form on FIG. 1. This request in response
to the energization of transistor 761 is called the BID sig-
nal and is also symbolically shown on FIG, 1 as well.

The operation of relay 7SZR energizes certain equip-
ment (not shown) at central office 27 (FIG. 1) to es-
tablish a data link connection to the data transmitter 109
of FIG. 10. At its break contact I (FIiG. 6), relay 7TSZR
operates to remove the holding ground which had previous-
Iy held relays 6B1, 6B2 and 6GP1 operated. These relays
now release, thereby returning the bus relay tree 62 and
the group relay paths of circuit 68, consisting of buses
1-6 and the output steering contacts of relays 6GPI1-
6GP35 respectively, to their normal condtions. (it will be
seen that any required holding grounds for trunk circuits
1-30 are still provided to these trunks from each of the
orounds associated with buses 1-6 connected over various
normally closed contacts of relays $6B0~€B2 through the
thirty paths of the trunk number matrix 58 and over the
normally closed break portions of the six transfer con-
tacts of each of relavs 6GP1-6GP5 over cross-connections
to the respective trunk circuits.)

Now that a successful first attempt identification has
been indicated by the proper setting and checking of core
768, the need for the recycle timer including transistor
772 is obviated. It is therefore desirable to inhibit its

operation by, in turn, inhibiting its “master,” 1., the
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recycle control circuit 75 including transistor 776. This is
achieved by the above-mentioned energization of tran-
sistor 762 which was turned on in response to the switch-
ing of check core 760 by the Ty CHECK signal. A Ty,
power pulse in phase with this T, CHECK signal may
therefore pass through the active electrode path of tran-
sistor 762 as the REPEAT INHIBIT signal, going to nega-
tive battery SRC through a winding on recycle control
core 771, switching that core downward. (Although the
REPEAT INHIBIT signal also goes through a winding on
core 741, it 1s of no effect since that core is already
switched upward.) With respect to recycle control core
771, which normally would await a T, pulse through its
lowest winding to switch it down and thereby activate
transistor 776 to continue the charging of capacitor CRT,
the REPEAT INHIBIT signal in phase with T, may be
said to “pre-empt” the function of the next T, pulse. That
is, as priorly discussed, the normal function of transistor
770 1s to allow a T;, pulse in phase with a Ty pulse to
both “self-set” core 771 upward and to then proceed
to negative battery through resistor RRC and thereby
additionally charge recycle timer capacitor CRT. How-
ever, the REPEAT INHIBIT signal in phase with a T,
pulse which precedes the next T; pulse “steals the thun-
der” of the subsequent T; pulse and switches it down-
ward. Although it is true that one final Ty, pulse will add
to the charge of capacitor CRT at this time, core 77% is
arranged to remain switched in the downward direction
due to the overriding effect achieved by the REPFAT IN-
HIBIT signal compared to the Ty, signal attempting to
switch core 771 up. (This override is achieved by the
increased mangetomotive force tending to keep the core
switched downward in response to the REPEAT IN-
HIBIT signal compared to the lesser quantum of mag-
netomotive force attempting to switch the core upward;
somewhat more specifically, an appropriate relationship
1s in part provided by an illustrative and approximate
1-t0-6 ratio between resistors RRI and RRC.) No addi-
tional charging of recycle timer capacitor CRT can occur
at this time and capacitor CRT will be effectively “reset”
when the 6CON relay releases at the end of the identifi-
cation readout procedure by providing a discharge path
to negative battery through its break contact 4.

(c) Central office reply~—Equipment (not shown)
within centrol office 27 (FIG. 1) responds to the BID sig-
nal represented by the operation of relay 7SZR to indi-
cate to the readout circuit 95 of the instant invention
(FIGS. 9 and 5) that the data link 108 between the PBX
identification equipment and the central office equipment
has been properly established. This “transmit command”
is represented by the operation of the RC relay (not

shown) which, at its symbolic make contact 1 (FIG. 10),

connects the data transmitter 189 to the data trunk linked
to the centrol office. At the make contact 2 of the RC re-
lay within the start readout gate 72, a positive pulse is
delivered to the control electrode of transistor 728 which
1s energized in phase with a Tyg strobe pulse superimposed
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on the rising positive-going pulse just mentioned. When

the bias of Zener diode 780Z is overcome, transistor 720
18 energized to allow a Ty power pulse to switch core 721
to the left (overriding a coincident Ty pulse tending to
keep core 721 switched to the right) and the output sig-
nal thereby generated turns on transistor 722.

(d) Start of readout.—(i) Pre-message bit (PMB):
When transistor 722 is turned on in phase with the Ts
pulse which switched core 721 to the left, as in-phase Tyo
pulse is transmitted through the active electrode path of
transistor 722 as the pre-message bit (PMB) to cores 938
and 940 of the parallel-to-serial data translator (PSDT)
915 of the readout circuit 95 as shown on FIG. 9,

(1) Readout advance gate.—At this point in the
switching sequence, no readout has occurred due to the
closed condition of the readout advance gate (transistor
942) which must be energized in order to allow the read-

out stepping switch (FIG. 5) to step through the stored
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digits in the matrices. Transistor 942 will oﬁly be ener-

gized under rather singular conditions; that is, only when
the readout windings on the odd-numbered cores of each
PSDT 915 stage (e.g. cores 931, 233, 935, 937 [cores 935

-and 937 not being shown] and 939) have proper polarity

pulses connected to the control electrode of transistor 942.
More specifically, the two right-hand windings on each of

these odd-numbered cores are so arranged as to provide a

posttive turn-on pulse to transistor 242 only when core 93¢
switches in response to a Ty pulse and none of the other
four odd-numbered cores so switches. Thus, when any of
odd-numbered cores 931-937 switch simultaneously with
advance core 939, there is a cancelling effect and either a
zero level signal or a negative signal is delivered to the
control electrode of the readout advance gate comprising
transistor 942. However, when core 939 is the only odd-
numbered core to switch in response to a T, pulse (i.e.,
after all data associated with a particular digit is shifted
through the PSDT 915), a positive polarity signal is de-
livered to readout advance gate transistor 942 and a T»
readout signal can be transmitted to negative battery over
lead REO through the readout stepping switch, compris-
ing cores 501-509 and transistors 511-518, to read out
the stored digit.

(iit) Parallel-to-serial data translator (PSDT) 915.—
The transmission of the PMB to cores 938 and 940
switches both of those cores to the right but due to the
polarity arrangements of the windings on these cores there
are no oufputs at this time. Data stored within PSDT 915
is sequentially shifted from stage to stage and then out
in the form of coded 1’s and 0’s to output flip-flop 108
in response to sequential T; and T, pulses which alter-
nately switch the even-numbered and odd-numbered cores,
respectively. Thus, it may be seen than T; pulses may
switch cores 938, 232, 938 and 940 (cores 934 and 936
not being shown), while T, pulses may switch cores 931,
933 and 939 (cores 935 and 937 not being shown).

Data is transmitted from the PSDT 915 to the output
flip-flop 108 in response to selective switching of output
cores 940 and 941. Only if the polarities on leads I.1 and
L2 associated with core 940 and L3 and L4 associated
with both cores 941 and 940 are as indicated on FIG. 9
will there be appropriate driving signals delivered to the
output flip-flop 108. Thus, in the absence of any switching
of core 940 which delivers “1” signals to output flip-flop
108, it 1s noted that core 941 switches in tresponse to each
T; pulse through its left-hand winding to provide the
proper L3-L4 polarity signals to output flip-flop 108 to
thereby indicate a “0.” (When a T, pulse switches core
241 to the right, the polarity of the signals delivered to
output flip-flop 108 is not in accordance with that indi-
cated on leads L3 and L4 and such a signal merely re-
sets core 941 preparatory to its being switched by the
next T; pulse.) |

When core 940 is switched in response to a Ty pulse
switching it to the left, there is a positive polarity pickup
on lead L1 and a negative pickup on lead L2 thereby
delivering a “1” input to the output flip-flop 108; in addi-
tion, an opposite polarity output is developed on a wind-
ing in series with the core 941 output winding. This can-
cels the signal from core 941 which would otherwise
also send a “0” input to the output flip-flop 168. To sum-
marize, therefore, when core 941 switches in response to
a Ty pulse, a “0” is transmitted to the output flip-flop
108; when both core 940 and 941 switch in response to
a Ty pulse, a “1” signal is indicated to the output flip-
flop 108. As a final note, when readout advance gate
transistor 942 is energized in response to the switching
of core 939 alone, normally turning on transistor 929
to attempt to switch core 940 to the right via winding B,
an Inhibiting signal .over lead REO through the active
electrode path of transistor 942 and to negative battery
through winding C on core 940 inhibits such switching
by maintaining core 940 in its left-oriented direction.
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(iv) Readout stepping switch.—It will be recalled that
the PMB had switched cores 938 and 940 to the right in
phas with the T, pulse which switched core 721 of start
readout gate 72. The next T; pulse delivered to PSDT 9135
can he seen to switch cores 938 and 24¢ to the left, the
former causing the energization of transistor 928 and the
latter providing a “1” output over leads L1 and L2 to
output flip-flop 108 and providing no output on leads L3
and L4 due to the cancellation between the oppositely
oriented windings on cores 940 and $41. The first bit of
data has thus been transmitted over the data link 180
to equipment (not shown) at central office 27 to indicate
that a data message is about to be sent. When transistor
928 is thereby energized, a Ty pulse in phase with the
T, switching pulse can pass through the active electrode
path of transistor 928 and to negative battery through a
winding on core 939, switching that core to the right.

At this point, therefore, the only data core (including
cores 932-948) which is not in its normal switching con-
dition is core 939 which is switched to the right. The
next T, pulse delivered to the PSDT 915 accomplishes
several functions. Firstly, it switches core 932 back to the
left thereby providing the proper polarity readout signal
to the control electrode of readout advance gate transistor
042 to energize that gate. (The switching of core 941 in
response to this Ty pulse provides no proper polarity out-
put to flip-flop 108 on leads L3 and L4.) Since transistor
942 is now on, a T pulse (still in phase with the orig-
inal T, pulse) can proceed through the cores 561-349 of
the readout stepping switch (FIG. 5) and over lead REQO
through the active electrode path of transistor 942 and to
negative battery through winding C on core 3490. The
passage of this Ty signal through winding C on core 944
initially inhibits the switching of core 949 to the right
by overriding the in-phase Tia signal tending to do this
through the active electrode path of transistor 929 and
winding B of core 939, transistor 929 having fired when
core 939 was switched.

The only one of cores 501589 of the readout stepping
switch which will be affected by the T, readout signal
over lead REO is core 501 which was the only one of
those cores previously switched to the right (in response
to the CLEAR signal, supra). When core 581 switches,
corresponding first-stage transistor 511 1S energized and
allows a still in-phase Ty; pulse to pass through the
active electrode path of transistor 511 through a winding
on core 502 switching that core to the right (overriding
the T, readout signal) and out to readout lead THT. The
signal on readout lead THT provides readout of the
thousands digit of the trunk number (as leads HT, TT
and UT read out the hundreds, tens and units digits of
the trunk number, and as leads THS, HS, TS and US
read out the stored thousands, hundreds, tens and umnits
digits of the station number) by attempting to switch
trunk matrix thousands cores STHO-STH® upward, and
passing out of trunk number matrix 38 to a common con-
~ nection providing the timing bit input to core 93¢ of PSDT
915 and also firing the readout enable gate by switching
readout enable gate core 906 to the right.
~ The only one of cores STHO-STHS which will, in fact,

be switched upward is the one core which was priorly
set downward by the WRITE, identification pulse, name-
ly core 5TH1. In so switching, the polarity orientation
relationship between the readout winding and the two
sense windings on core S5TH1 is such that a positive
polarity output will appear on semse leads 15 and 05,
these leads being respectively cabled to the control elec-
trodes of readout gate transistors 901 and 960, respec-
tively.

The sense windings on all matrix cores, connected In
coded combinations to sense leads 7S, 4S, 2S, 1S and 65,
are arranced in the well-known 2-out-of-5 code so that
for the thousands digit of trunk number 1492, as in the
instant assumption, it is clear that leads 1S and 85 should

provide the only outputs which thereby energize tran-
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sistors 90 and 996. Since readout enable gate core 906,
normally switched to the left in response to 13 pulses
through its right-hand winding, was switched to the right
as indicated above by the timing bit T, phase signal, tran-
sistor 805 of this gate is energized. There is, therefore, an
available electrical path for a Ty, pulse (still in phase with
T,) to pass upward through a winding on core 935 switch-
ing that core to the right and out of circuit block 911 (the
details of which are identical to block 914) through the
active electrode paths of transistors 01 and 905 to nega-
tive battery. Core 94¢ is similarly switched to the right
by the passage of a Ty» pulse upward through winding
A thereon and through the active electrode paths of tran-
sistors 900 and 293; this switching of core 240 is, how-
ever, slightly more complex than that of core 938 since
there must be, in effect. a “double override” which adds
together the similarly oriented magnetomotive forces of
windings A and B to overcome that of winding C on core
¢49. This double overriding effect will be seen to occur
only when transistor 98¢ is energized. Since, it will be re-
called, transistor 98¢ is energized when one of the char-
acters in the 2-out-of-5 code is zero, this double over-
riding effect only occurs when one of the decimal digits
1,2, 4, or 7 is received by the PSDT 913.

Therefore, at the termination of this critical Ty multi-
purpose pulse, cores 938, 838 and 940 are switched to the
rieht; in the readout stepping switch, only core 502 is
switched to the right preparatory to the next T, readout
signal when readout advance gate transistor 942 is again -
energized, (Readout advance gate transistor 942, readout
gate transistors 9¢0 and 991, readout enable gate tran-
sistor 985, PSDT transistor 929 and readout stepping
switch transistor 511 all turned off at the termination of
the T, driving pulse or the in-phase Ty driving pulse as
the case may be.)

(v) Bias cores—It is to be noted that the function of
bias cores TKB related to trunk member matrix, 58,
STAB, related to the H-T-U part of station number ma-
trix 11¢ and STAB, related to the TH part of staticn num-
ber matrix 110, is to cancel the cumulative induced volt-
age associated with the sense windings on unswitched ma-
trix cores during readout. To briefly illustrate this point
only with respect to core TKB, consider the above-de-
scribed readout of the thousands digit 1 of the trunk
number 1492, Only core 5TH1 of cores STHO0-5TH9 is
siipposed to provide a legitimate sense output on sense
leads 1S and $S. But what of the remaining sense leads
7S, 4S and 28? Looking specifically at sense lead 7S
(FIG. 5), it is in series with sense windings of thousands
cores STH®O, 5TH7, 5THS8 and 5TH9, none of which are
being legitimately switched in response to the thousands
digit readout signal from readout stepping switch lead
THT. However, due to the fact that small induced volt-
ages {“shuttle” voltages) on each of those sense windings
may add together to cause an erroneous energization of
readout gate transistor 907, the winding on bias core
TKB coupled to readout lead THT is wound oppositely
to the readout windings on core TKB; moreover, the TKB
winding coupled to sense lead 7S has sufficient turns to
generate a voltage which exceeds that generated by the
four “unwanted” sense windings mentioned above. The
voltage generated in the TKB sense winding in series with
lead 7S is thus more than sufficient to cancel the otherwise
erroneous sense output on that lead; however, this reverse
bias signal is insufficient to overcome the legitimate sense
outputs on leads 1S and 0S so that only readout gate tran-
sistors 900 and 901 are thereby energized. (As a specific
illustration, each single turn sense winding on the four
unwanted cores might generate approximately 100 milli-
volts when the core does not switch upon interrogation
over lead THT; the TKB core sense winding may be ar-
ranged to have, for example, five turns, so that a 500-

millivolt opposite polarity signal more than cancels out
the 400 millivolt cumulative signal. )
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(vi) Shifting of data through PSDT 915 —The first T,
pulse delivered to PSDT 915 after the multipurpose T,
pulse described above serves to set core 996 of the read-
out enable gate to the left, preparing that gate for the next
bits of data associated with the hundreds digit of the trunk
number to arrive at the 2-out-of-5 readout gate subse-
quently, More importantly, the T, pulse switches timing
core 930, and data cores 938 and 949, as well as switching
“0” output core 941. The switching of core 940 both
cancels the “0” output from core 941 and also transmits
a “1” over leads L1 and L2 to the output flip-flop 168
which in turn energizes data transmitter 189 to provide
this bit over the data trunk to the central office. The
switching of core 93¢ energizes transistor 228 to allow a
Ty pulse in phase with the T, switching pulse to pass
through the active electrode path of transistor 920 to
switch core 931 to the right. And, lastly, the switching of
core 938 similarly allows an in-phase Ty pulse to pass
through the active electrode path of now energized tran-
sisior 928 to switch core 939 to the right. This switching
sequence leaves cores 931 and 939 switched to the right
and all other PSDT cores switched to the left.

These two cores are each switched back to the left in
response to the next Ty pulse, energizing respectively
transistors 921 and 929 to provide a path through these
transistors’ active electrode paths for a Ty, pulse to switch
cores 932 and 940 to the right. (Again, the switching of
core 941 in response to T, pulses is not of the proper
polarity with respect to its output winding to provide any
data to output flip-fiop 108.) A Ty pulse now switches
cores 932, 940 and 541, the latter two combining in effect
to pmwde a “1” bit to the output flip-flop 168, and the
first of these energizing transistor 922 to provide a path
for a Tqa pulse to switch core 933 to the right. At this
point, therefore, three successive “1” bits (representing in
order the PMRB, and the 0 and 1 positions of the trunk
number thousands digit 1 in the 2-out-of-5 code) have
been transmitted to the central office and core 933 is the
only PSDT data core that can now be affected by the
next Ty pulse.

This next T, pulse does switch data core 933, resultmg,
in a manner identical to that described abcwe, in the
switching of core 934 (not shown) within block 912.
The next T, pulse switches core 934 and core 941, the
latter now providing a “0” bit to the output flip-flop 138
with the correct polarity signals on leads L3 and 14. A
To-11-T, sequence similarly results in the transmission
of an additional “0” bit to output flip-flop 188 and leaves
core 938 switched to the right. A T; pulse thereupon
switches that core back to the left, turning on transistor
928 to allow a Ty, pulse to switch core 939 to the right:
this same T, pulse also switches core 941 to the left
thereby providing the third and final “0” bit (representing
the 7 position in the 2-out-of-5 code) to the output flip-
flop 108. The total information thus transmitted to the
output flip-flop 168 and then by the data transmitter 109
over the data trunk to the central office has been, reading
from left to right, 111000; the first “1” represented the
PMB and was recognized as the beginning of a data se-
quence by equipment (not shown) within central off

ice
27, the second and third “1” bits represented the 0 and 1
posttions in the 2-out-of-5 code, and the three “0” bits
represented the 2, 4 and 7 positions in the 2-out-of-5 code.
In this manner, the thousands digit 1 of the assumed

trunk number 1492 is transmitted to data responsive

equipment in central office 27 through data link 160.
The next T pulse switches core 839 and energizes read-
out advance gate transistor 942 to allow an in-phase T,
readout pulse to proceed through the readout stepping
switch over lead REQO and through transistor 942 to nega-
tive battery through winding C on core 948. This inhibits
the switching of core 940 to the right which would other-
wise occur in response to a Ty, pulse through winding B
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switches cofe 502 of the readout stepping switch, tiigger-
ing transistor 512 to allow an output Ty, readout signal
to proceed through transistor 512 and out to lead HT and
through readout windings on each of trunk number

- matnx cores 5HO-5HY; it also inserts a timing bit into

PSDT %18 core 930 and switches core 906 thereby open-
ing the readout enable gate. Only previously-switched
hundreds core 5H4 is affected by this readout signal, re-
sulting in the provision of a positive polarity sense output
on each of leads ¢S and 4S, thus energizing transistors 900
and 904. Data is concurrently inserted into PSDT 215 by
the switching to the right of cores 940 and 934 (again a
double override with respect to core 94@). The next five
successive T7—Ty timing cycles result in the provision of
bits 10010, representing the hundreds digit 4 of assumed
trunk number 1492, to the data link 146. The final T,
pulse of these five cycles again energizes readout advance
gate transistor 942 and provides for readout of the tens
digit of the trunk number in a manner identical to that
described above with respect to the thousands and hun-
dreds digits. The remaining digits continue to be read out
in an identical manner.

(¢) End of readout.—As mentioned above, readout of
the stored trunk and station number digits continues in

a similar manner with successive signals on leads TT,

UT THYS, HS, and TS reading out digits 9, 2, 2, 4 and 6.

- When the last bit of data associated with the tens digit of
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station number 2467 has been transmitted from PSDT
915 to data link 100, the switching of PSDT 915 core
239 again activates readout advance gate transistor 942,
thereby allowing a T, readout pulse to proceed through
the readout stepping switch and over lead REO to nega-

-tive battery through the active electrode path of tran-

sistor 942. Readout stepping switch core 508 is thereby
switched to the left, energizing coupled transistor 518 to
allow a Tiy pulse to proceed through transistor 518 and
to provide, over lead US, readout of units digit 7 of the
station number by attempting to switch each of cores
11U0-11U9 upward.

In accordance with the assumed extension number of
2467, only core 11U7 actually switches, providing proper

- polarity signals on sense leads 7S and 0S thereby energiz-

ing readout gate transistors 907 and 906. As with the
other steps in the readout sequence, the next core (core
339) 1n the readout stepping switch was switched to the
right by the units digit readout signal from transistor 518.
The shifting of the data of station units digit 7 proceeds
until the switching of core 939 again energizes readout
advance gate transistor 942 to allow a T, readout pulse
to switch core 509 back to the left, thereby providing the
positive and negative polarities 1nd1cated on that cores
right-hand output winding. |

The cabled connection fmm the core 509 output wind-
ing to the scan control 74 on FIG. 7 can be seen to con-
nect the positive lead to the control electrode of scan con-
trol transistor 740, thereby energizing that transistor and

operating the 7END relay over a path including ground

and make contact 6 of the 6CON relay. |
When the 7END relay operates, its break contact 2
causes the release of the 7SZR relay; the operation of the
7END relay also removes the holding ground at its break
contact 1 (FIG. 6) which had held the GCON relay op- -
erated. The release of the 6CON relay in turn removes
at its make contact 6 the holding ground necessary to
keep the 7END relay operated, and the 7END relay also
releases.
 (f) Scanner restarts and timers reset—The release of
the 6CON relay in response to the operation of the TEND
relay serves several other functions. Initially, at its trans-

fer contact 1, the 6CON relay furnishes a positive-going

ramp signal strobed by Tag pulses to the control electrode
of start scan gate transistor 730. This energizes the start
scan gate 73 as described earlier and a START SCAN

and energized transistor 929, This Ty readout signal only 75 signal is provided to negative battery through winding
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F on scan stepping core 410. This switches that core 1o
the richt and prepares it to control scanning again by
making it responsive to the next Ty pulse through winding
E. Scanning then continues in a manner identical to that
described above until a subsequent trunk seizure is de-
tected.

At its make contact 2 and break contact 3, the release
of the 6CON relay removes ground from and returns
negative battery to the control electrode of transistor 710
in start ANI gate 71, thereby insuring that no START
signal will be delivered to the supervision and sequence
control circuit 78 until a genuine trunk seizure is detected
as indicated by the operation of the 6CON relay.

Finally, operation of the 6CON relay also interrupts,
and in effect prepares for restarting of, the recycle timer
and the time-out timer. The Tecycle timer, including tran-
sistor 772, is stopped and reset by the closure at 6CON
relay break contact 4 of a discharge path to negative bat-
tery for the voltage which had been building up on capac-
itor CRT. Negative battery is also connected to the base
of transistor 772 to guarantee that the recycle timer will
not improperly trigger. The time-out timer, including tran-
sistor 773, is similarly inhibited by the provision of a dis-
charge path to negative battery for build-up capacitor
CTO through the closed break portion of transier contact
5 of the 6CON relay. This same negative potential also
directly inhibits transistor 773 by a connection to its base
electrode. In addition, the source of T, pulses which had
priorly served to charge capacitor CTO through resistor
RTO, diode DTO and the make side of 6CON relay trans-
fer contact 5, is removed from the capacitor by the release
of the 6CON relay.

Both of these timers are thereby completely reset and
will not commence their timing intervals again until the
6CON relay operates in response to a trunk seizure detec-
tion: the recycle timer, it will be recalled, also requires the
additional inputs generated by the recycle control circuit
including transistor 77¢.

Therefore, under the assumption of a valid first attempt
identification, the data representing trunk number 1492
and PBX extension number 2467 has been transmitted to
the appropriately responsive storage equipment (not
shown) in the central office 27 over data link 109. Scan-
ning by trunk scanner 46 has-commenced again, seeking
a trunk seizure of one of trunk circuits 1-39. All the
matrix and PSDT cores are in their normal conditions as
are the associated PSDT transistors, and all relays are re-
leased.

All that is required to commence an identification se-
quence essentially identical to that previously described
is a trunk seizure and its detection by trunk sensing cir-
cuit 30.

(2) Case II—Initial identification failure with success-
ful identification subsequent to first attempt—It will be

recalled that it has to this point been assumed that the

valid identification described above was made on the first
identification attempt. Statistically, this will represent the
overwhelming majority of cases. However, there is the
slightest statistical possibility that the first attempt will not
be successful. This would be indicated to the supervision
and sequence control circuit 7¢ by the failure of the
WRITE, signal to set check core 760 upward. This might
occur due to possible mutilation or diversion to ground
of the WRITE, signal in being transmitted back through
the PBX switch train 24 after having set the appropriate
four cores of trunk number matrix 58. By the time the
WRITE, signal had reached check core 760, it may be
that insufficient amplitude remained to overcome the
shunting effect of resistor RSH which is deliberately in-
cluded to require a well-defined WRITE, signal to emerge
from the switch train 24 and cores of station number

matrix £10. Should the WRITE, signal be of such insuifi- -

cient amplitude or lack sufficient definition to switch
check core 769 upward, the supervision and sequence
control circuit 7¢ will be seen below to interpret this as
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a “check failure,” in accordance with an assumption that
the appropriate cores of station number matrix 11§ were
also not properly set.

Since check core 760 was assumedly not set 1n response
to the WRITE, signal in phase with a T; pulse, the next
T, pulse which normally acts as the CHECK signal to
check core 766 (proceeding to negative source SRC
through resistor RCK) will be ineffective to switch core
760 since that core is still switched down. Therefore, in
contrast with Case I where a valid first attempt identifica-
tion did occur, neither transistor 761 nor transistor 762
will be energized. Consequently, there will be no BID
signal to operate relay 7SZR, nor will there be a REPEAT
INHIBIT signal to inhibit the recycle control circuit to,
in turn, inhibit the recycle timer.

The lack of a REPEAT INHIBIT signal which would
ordinarily prevent additional charging of recycle timer
capacitor CRT thus allows the recycle timer 77 to con-
tinue timing its interval. For the sake of description, let it
be assumed that this interval is approximately 200 milli-
seconds, commencing after the operation of the 6CON re-
lay had removed, at its break contact 4, the discharge path
for recycle timer capacitor CRT and after the recycle
control transistor 776 had been energized as described
supra. This timing interval of the recycle timer 77 allows
more than enough time for a successful identification to
be made. In accordance with the instant Case 11 assump-
tion of an initial failure, the reverse bias provided by
Zener diode 7727 will be overcome by the charge on
capacitor CRT approximately 200 milliseconds after the
operation of the 6CON relay. When this reverse bias 18
overcome, recycle timer transistor 772 is energized and
provides a discharge path to negative battery through the
lowest winding on core 751 and the active electrode path
of transistor 772. This switches core 751 upward just as
if it were a legitimate START signal through the next
highest winding of core 751. (However, as the discharge
of the recycle timer is in phase with Tj, no overriding
effect with respect to core 751 is necessary. )

It may be therefore be said that the operation of the
recycle timer 77 in effect simulates a legitimate START
signal by affecting core 751 in the exact same way as
would a legitimate START signal from start ANI gate 71,
i.e., by switching core 751 upward. Since core 751 is now
set upward just as if it had received the legitimate START
signal described above in Case I, it is apparent that the
next T, pulse delivered to the winding on core 751 will
serve to start a complete new identification attempt by
switching core 751 downward and thereby energizing tran-
sistor 750 to provide therethrough a T, pulse as the
CLEAR signal. Furthermore, the recycle timer capacitor
CRT may again beging to charge, since transistor 772 will
have turned off when the discharging signal from capaci-
tor CRT through the active electrode path of tramsistor
772 has dissipated. The recycle timer 77 is, therefore, ar-
ranged to provide the identical function as just described
on any additional identification attempts.

The respective functions and manners of operation of
the CLEAR, WRITE and CHECK signals described
above are identical on these subsequent attempts as they
were with respect to the first attempt described in Case 1.
If it is further assumed that a valid identification does in
fact occur within the permissible number of attempts, for
example, five such attempts, check core 760 will be set
upward by a legitimate WRITE, signal and a subsequent
CHECK signal will switch core 760 to energize transistors
761 and 762 to provide the previously described BID and
REPEAT INHIBIT signals, respectively. A reply from the
central office 27 in response to the BID signal will again
be indicated by the operation of the RC relay (not shown)
which will energize the start readout gate 72 to provide
the PMB to PSDT 915 to start the readout sequence.
Readout will continue in a manner identical to that
described with relation to Case I and at the conclusion

thereof, the operation of the 7END relay again causes the




8,346,700

41
release of the 6CON relay and allows for scanning to
commence anew, The circuit is now in the same condition

as 1t was following the termination of the successful
identification which occurred after the first attempt

described in Case 1.

(3) Case III—No complete identification within five
attempts—An even more remote statistical possibility is
the failure to provide a complete identification within the
time interval represented by the predetermined number of
attempts made in response to the successive operations of
the recycle timer. Under these circumstances, the time-
out timer including transistor 773 comes into play. An
illustrative time interval of one second will be assumed
for the time-out timer, this time being measured from the
operation of the 6CON relay which immediately allows
'I'; pulses through resistor RTO, diode DTO and the make
portion of 6CON relay transfer contact 5 to begin
charging capacitor CTO. If, as has been assumed, the
time constant associated with the charging of capacitor
CTO and its relation to the reverse bias provided by Zener
diode 773Z is appropriate, time-out timer transistor 773
will operate approximately 1000 milliseconds following
the operation of the 6CON relay, and in phase with a T,
pulse.

Before considering the specific function served by the
time-out timer, it may be helpful to described the nature
of a typical identification “failure” which may occur as
described above. Since the most usual reason for the
failure of check core 760 to be set by a WRITE, signal
within the predetermined number (illustratively 5) of
identification attempts is that the WRITE, signal never
actually emerges from the PBX switch train 24 due to a
stray ground point therein, there is at least a partial
identification in such an event. That is, under such
ordinary “failure” conditions, at least the four trunk cores
associated with the seized trunk would be properly set
before the WRITE, signal would be erroneously diverted
to the stray switch train ground. To illustrate this, assume
that a valid trunk seizure has occurred just as in Case I,
and for the sake of facilitating the description, assume it
is again trunk circuit 6 with identification number 1492,
The description follows that of Case I through the exact
same steps, resulting in the generation of the WRITE;
and WRITE, signals, the latter proceeding through bus 6
and setting cores 5THI1, 5H4, 8T9 and 8U2 and
proceeding over the make portion of transfer contact 6 of
relay 6GP1 back to the sleeve lead of seized trunk 6.
According to the normal procedure as described in Case
I, the WRITE, signal should now find its way back
through the switch train 24 to the sleeve of the station line
circuit associated with the calling extension. However, it
i1s here being postulated that an erroneous ground signal

has somehow become attached to the path in the PBX

switch train 24 over which this particular WRITE, signal
would ordinarily be transmitted. Instead of then proceed-
ing through the appropriate cores of station number matrix
110, check core 760 and to the ground existing through
the active electrode path to check gate transistor 610, the
transmission of the WRITE, signal is assumedly herein
terminated abruptly within the PBX switch train 24. This
obviously precludes the switching of the check core 760,
and assuming that the stray ground remains erroneously
attached to the switch train 24 for the next four identifica-
tion attempts, it is clear that check core 769 cannot be set
upward by a WRITE,; signal. However, the four appro-
priate trunk cores will remain set after the fifth attempt.

The fifth and final identification attempt by the recycle
timer is made somewhat more than 800 milliseconds after
the operation of the 6CON relay has indicated a trunk

seizure. If it is assumed that this attempt also fails, leaving
only the four priorly mentioned trunk number matrix

cores appropriately set, the time-out timer will complete
its first timing interval somewhat under 200 milliseconds
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and time-out timer transistor 773 is energized, capacitor
CTO can discharge to negative battery through windings
on cores 760, 741, and 742. With respect to check core
760, the passage of this discharge pulse through its lowest
winding simulates a legitimate WRITE, signal by switch-
Ing core 760 upward just as a valid WRITE, signal would
have done. This is done in phase with a Ty pulse so that
the immediately succeeding T, pulse, acting as the
CHECK signal to core 760, switches core 760 down there-
by energizing bid transistor 761 and repeat inhibit transis-
tor 762. The generation of the BID and REPEAT
INHIBIT signals then causes the circuit to operate as
before (e.g., Case I) culminating in the readout sequence;
readout of the stored trunk number is identical to that
described in Case I. However, since no digits are stored in
any portion of station number matrix 110, readout from
the readout stepping switch leads THS, TS, HS, and US
each insert only a timing bit per missing digit in the PSDT
915. No data can be inserted since there is none to insert.
After having transmitted the trunk number data to the
central office 27 over data link 100, the PSDT 915 only
serves to transmit four successive series of five “0” bits
each over the data link, the timing bit inserted in PSDT
915 core 930 (after five T1—T5 cycles) energizing readout
advance gate transistor 942 each time core 939 switches,
thus allowing for “readout” of the next missing digit.

Atter the fourth series of five “0” bits, representing the
missing station units digit, is read out and transmitted over
the data link 100, the 7END relay operates as before in
response to the switching of core 509; this terminates the
identification sequence and returns the circuit to its normal
condition so as to be responsive to a subsequent trunk
selzure, |

(4) Time-Our Timer—Additional Supervisory Func-
tions.—Returning to the time-out timer, it may be noted
that although the discharge of capacitor CTO passes
through a winding on each of cores 741 and 742 and
switches both of those cores downward, transistor 740 is
not energized at this time due to the cancellation effect
between the output windings on each of cores 741 and
742. When the T, CHECK signal then switches core
760 and energizes transistor 762 to provide the REPEAT
INHIBIT signal, it is seen that core 741 is switched up-
ward by the passage of this signal through a winding
thereon. Again, transistor 740 remains off at this time due
to the reverse polarity of the output winding pulse of -
core 741. Core 741 is now switched up, while companion
core 742 is switched down. -
~ After the first time-out operation of the time-out timer,
capacitor CTO automatically begins to charge again since
the time-out timer is independent of any external control
other than relay CON. Under the unusual circumstances
whereby the response from the central office (as indi-
cated by the operation of the RC relay which commences
readout) is so slow or nonexistent as to not occur within
the second 1000 millisecond time-out timer interval,
transistor 773 will again operate to provide a discharge
path for capacitor CTO through the same windings on
cores 760, 741 and 742. The importance of this discharge
pulse with respect to the scan control circuit 74 may now
be made plain. Core 741 had been switched upward by
the REPEAT INHIBIT signal which occurred after the
first time-out of the time-out timer; core 742 was still
switched downward in response to the first discharge
pulse of capacitor CTO. When the second discharge pulse
from capacitor CTO attempts to switch both cores 741
and 742 down, only core 741 can respond thereto and
the polarity of its output winding’s pulse is now in the
proper direction to turn on transistor 740. Relay 7END
thereby operates causing the release of the 6CON relay
which in turn commences scanning and resets both the
recycle and time-out timers as indicated.

A further function of the time-out timer can be noted

after this final attempt has been made. When this occurs 75 here with respect to the valid first attempt identification
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described in Case I In that situation, a valid WRITE;
signal had set check core 760 upward in phase with a
T, pulse and the next T, pulse (as the CHECK signal )
had resulted in the BID signal (requesting a central office
data link) and the REPEAT INHIBIT signal. It now 5
becomes instructive to compare the timing intervals being
timed by the time-out timer and the time sequence asso-
ciated with the regular identification attempt. The starting
point for this comparison should be the operation of the

&4

special service calls, etc.) provided by the individual op-
erator position stations such as 28A-28N on FIG. 2,
the connection which normally provide a path for the
WRITE signal back from the normal station line sleeves
to the cores of the station number matrix are not pres-
ent or at least are not quite the same with respect to
the operator positions.

More specifically, although an operator position such
as 28B may seize a central office trunk by plugging a

6CON relay. At that point, the time-out timer begins jg jack into the switchboard or by depressing a trunk pickup

to time its first 1000 millisecond interval. At the same
time, the identification sequence begins with relation to

the start ANI gate 71 which provides the START sig-
nal approximately four or five T;-Ty intervals after the

key, the sleeve leads associated with such a calling posi-
tion are not associated with any particular hundred num-
ber group station matrix such as the 2400 group shown

on FIG. 11. At first glance, therefore, it might be thought

operation of the 6CON relay. Then, m sequence with 15 that, consistent with a flexible number assignment plan, a

the following Ty, Ty, and Ty pulses, the CLEAR-WRITE-
CHECK cycle occurs. When the CHECK signal thus
switches check core 760 to energize transistor 762, the
REPEAT INHIBIT signal transmitted as a Ty pulse
through transistor 762 does not affect core 741 since it 20
is already switched upward.

It is also at this time (when core 768¢ switches) that
the BID signal is made for a data link by the opera-
tion of relay 7SZR in response to the energization of
transistor 761. From now until the central office reply 29
occurs with the operation of the RC relay which coms-
mences readout, the circuit is in effect idle and is await-
ing the central office reply. Meanwhile, the time-out timer
continues to time its first 1000 millisecond interval. In
the unlikely event that the central office reply and the 39
completion of readout as described above do not occur
within the 1000 millisecond first time-out interval (due
perhaps to unusually burdensome traffic conditions at the
central office), the central office is given a “second
chance” to reply to a second BID signal as follows. When 39
the first 1000 millisecond point is reached and time-out
timer transistor 773 is energized, the discharge pulse from
capacitor CTO sets core 76¢ up and cores 741 and 742
down; none of these cores’ tramsistors switches at this
time due to the arrangement of their output windings.
Time-out timer capacitor CTO now begins to charge
again. The next Ty pulse which proceeds through a wind-
ing on core 760 to negative source SRC through resistor
RCK (this would ordinarily be the CHECK signal)
switches core 760 downward and turns on transistor 761 45
to make another (second) BID attempt by reoperating
relay 7SZR; transistor 762 also fires to allow the trans-
mission of a Ty, pulse to negative source SRC through
a winding on core 741 and resistor RR1 (this would
normally be the REPEAT INHIBIT signal). Thus, the 50
signal through the winding on core 741 switches that
core upward. If central office reply and data readout
still have not occurred when the second 10060 millisec-
ond interval has elapsed, a discharge pulse from capacitor
CTO now switches only core 741 but mnot core 742, 99
transistor 7498 is fired and the 7END relay operates to
release the 6CON relay and to thereby start scanning
anew. Fquipment (not shown) prevents a tardy central
office reply from thercafter energizing the readout cir-
cuit $5. It may therefore be said that in this rare event, 60
no transmitted identification of a call involving a cen-
tral office trunk seizure will be made.

VI IDENTIFICATION OF OPERATOR POSITION
ON OUTGOING CALL o

A. Number assignment

4(

As was centioned above, the instant invention is pe-
culiarly well-adapted to provide trunk and station num-
ber identification for an outgoing trunk seizure call
initiated by an operator position also. The reasons for
this unique type of treatment being required are clear
from an inspection of the relationship of the operator
switchboard 28 on FIG. 2 and the station number matrix
110. That is, due to the special services (information, 75

70

separate H-T-U station number matrix would be required
merely to identify the relatively small number of opera-
tor positions in our illustrative CH 3-1000 PBX. (For
example, there might be only ten such positions for the
PBX and the provision of separate matrices for these
positions would represent a costly expenditure inconsist-
ent with the economic requirements of the system.)

The instant invention solves this problem in the follow-
ing manner. Although an operator position seizes a cen-
tral office trunk circuit differently from a regular PBX
extension, scanning and detection of the seizure as well
as identification of the trunk number are nonetheless
handled the same way for an operator jposition as for the
regular PBX extensions. However, regarding number
identification, direct cross-connections are provided from
the sleeves of the operator positions to selected ones of
the switchboard terminal inputs OP0-OP9 on the thou-
sands part of station number matrix 11¢ on FIG. 12.
The cross-connections specifically shown on FIG. 12 are
from the sleeves of operator positions 28A, 28B and 28N,
with assumed station identification 0400, 1400 and 9400,
respectively, to switchboard terminals OP®, OP1 and
QOP9, respectively, on FIG. 12. The station numbers of
the operator positions (such as 1400 for position 28B)
are chosen to differ only in the thousands digit from a
randomly selected station number in an associated H-T-U
station number matrix. Thus, operator position Z8B 1s
assigned identification number 1400 differing only in
the thousands digit from the PBX extension which was
assigned identification number 2400. (In many cases, all
operator positions will have the same “listed” identifica-
tion number, although individual number assignment 1S
being assumed here.) Cross-connections from other oper-
ator position sleeves to the remaining OP0-OP9 terminals
(except terminal OP2) allow for the assignment of four-
digit identification numbers 0400, 3400, 4400, etc. to
these other operator positions. The X400 designation for
the operator positions is determined by the “random”™
connection from lead OP emerging from the left side of
the thousands part of station number matrix 110 (FI1G.
12) to lead 2400 of the H-T-V part of station number
matrix 1180 (FIG. 11). Such a connection might be
termed a “parasitic” one which allows the operator posi-
tions to be assigned the same last three digits (using the
same matrix cores on FIG. 11) as a regular PBX ex-
tension so that the operator positions act as “parasites”
with respect to the extension station identification lead
(here, lead 2400) to which they are all connected.

As a final point before a sample operator-initiated out-
going call is described, it is noted that the cross-connec-
tions to the switchboard terminals OP3-OP9 are relied
on to provide the initial return paths for the WRITE;
signal which is proceeding to the station number matrix

11¢ directly from the sleeve of the calling operator posi-
tion.

B. Illustrative operator position outgoing call

In this portion of the description, it 1s assumed that
operator position 28B with assigned identification number
1400 initiates an outgoing call by seizing, in the manner
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alluded to above (and see the Abbott et al. patent suPra), -

one of trunk circuits 1-30. To facilitate the description,

it is further assumed that it is trunk circuit 6 with trunk
identification number 1492 which is so seized (just as
in the illustrative calls described in Cases I-III with re-
spect to PBX extension 2§). Thus, circuit block 306 of
trunk sense group 1 within trunk sensing circuit 30 de-
tects the seizure precisely as before by switching sense
core 356 to the right. When this core is scanned by a
signal over scan lead SC6 from trunk scanner 490, the
switching of core 356 again sets up the relay tree by en-
ergizing transistors 341, 421, and 422 to allow for the
operation of relays 6GP1, 6B1 and 6B2, respectively. The
trunk scanner 46 is inhibited by the energization of scan
inhibit transistor 423 while an operating path is provided
for the 6CON relay by the energization of transistor 424.

The operation of the 6CON relay performs the exact
same functions as described above, starting the identifi-
cation sequence with a START signal from start ANI
gate 71, resulting in the sequential generation of the
CLEAR and WRITE signals. It is with respect to tracing
the path followed by the WRITE, pulse back to the cores
of station number matrix 110 that the two identification
arrangements differ.

C. Path of WRITE signals

When the outpulser 60 generates the WRITE signal,
the symbolic WRITE; signal is transmitted to the control
electrode of check gate transistor 610 while the symbolic
WRITE, signal is transmitted through closed bus 6 to
input lead 1492 of trunk number matrix 58. The WRITE,
signal proceeds through trunk number matrix 58 setting
cores STHI1, SH4, 8T9%, and 8U2 downward again, just
as was done in Cases I-III supra. Further, following the
same path as was priorly traced out, the WRITE, signal
1s fransmitted through the closed make portion of trans-
fer contact 6 of the 6GP1 relay to the sleeve lead of
encrgized trunk circuit 6.

From this sleeve lead, the signal proceeds directly to
the sleeve lead of calling operator position 28B. As men-
tioned above, the cross-connection from this latter sleeve
lead to switchboard terminal input OP1 on FIG. 12 pro-
vides a direct connection to winding A on core 12THI1
for the WRITE, signal. This winding is arranged to have
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more turns than winding C on the core (connected to -

common terminal OPT), thereby allowing the WRITE,
signal through winding A to override the same signal
through winding C and yet nevertheless allowing the
WRITE,; signal through winding C on core 12TH2 to
override or cancel the same signal passing through wind-
ing B on core 12TH2. It is believed that this will be made
clearer in the following analysis.

The WRITE, signal connected to switchboard termi-
nal OPI passes through winding A (with two turns, for

example) on core 12TH1 and thénce to common terminal

OPT, proceeding through the C windings (e.g., one turn
each) of each of cores 12THO-12TH9 to output lead
OP. The passage of the WRITE, signal through the A
winding of core 12TH1 sets that core upward, overriding
the attempt of that same signal to set it downward by

passing through its winding C; none of the other 12TH-

cores 1s switched since they are already switched down-

ward (by the CLEAR signal).
From the OP output lead of the thousands part of

station number matrix 116, the WRITE, signal pro-

ceeds as a “parasite” to input lead 2400 of the H-T-U part
of station number matrix 110. In proceeding through this
H-T-U part, cores 11U6, 11T0 and 11H4 are each set
downward and by virtue of the cross-connection from
output terminal 4 of the H-T-U part of station number
matrix 110 to input terminal 2 of the thousands part of
station number matrix 110, an attempt is made (as would
be made if any of the extension stations with identification
numbers 2400-2499 originated the call) to set core 12TH2
upward through winding B.
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However this attempt is inhibited and core 12TH?2 re-

mains switched down due to the still present equal and

opposite magnetomotive force associated with winding C

-on core 12TH2. The cores of station number matrix 110

which have thereby been set so as to be responsive to the
subsequent readout signals are cores 11U0, 11T0, 11H4
and 12TH1, readout from which will provide identifica-
tion of the calhng operator position number 1400.

The WRITE, signal proceeds from the thousands part
of station number matrix 110 just as in Case I to set

~check core 760 upward and to proceed to ground through

the active electrode path of gate transistor 610. The T,
CHECK signal input to core 768 again initiates the BID

‘and REPEAT INHIBIT signals and the central office re-

ply, readout and the beginning of scanning all occur in a
manner identical to that described previously. If there is
an 1nitial failure to identify the identification number of
the calling operator position as indicated by the maintain-
ing of check core 760 in its downward orientation, the
circuit operates in response to the recycle timer as de-

scribed in Case II supra. Finally, should there be a

similar failure to identify the operator position number
after the predetermined number of attempts has been
made, the time-out timer and readout circuit operate as
descnbed in Case III supra.

It is to be understood that the above- described ar-
rangements are illustrative of the application of the prin-
ciples of the invention. Numerous other arrangements
may be devised by those skilled in the art without de-
parting fro-m the spirit and scope of the invention.

What is claimed is:

1. In a telephone system, a central office, a private
branch exchange, a plurality of stations connectable
through said private branch exchange to said central
office, scanning means at said private branch exchange
responsive to an outgoing service request from one of
said stations for generating a start signal, identification
storage means at said private branch exchange including
a plurality of switching matrices for storing data individ-
ual to said stations, gating means at said private branch
exchange coupled to said identification storage means,
control means at said private branch exchange responsive

to said start signal for transmitting an identification 31gnal

simultaneously over two paths, the first of said paths in-
cluding said gating means and the second of said paths
including said matrices, said private branch exchange,
said control means and said gating means, checking means

within said control means for signaling sald central office

if said data has been stored in said matrices in response
to the passage of said identification signal over said sec-
ond path, and data readout means at said private branch

exchange responsive to a command signal from said cen-

tral office for sequentially reading out said data from said
matrices and transmitting said data to said central office.

2. A telephone system in accordance with claim 1
wherein said control means includes repetitive means for
sending a plurality of successive identification signals over
sald paths in response to the failure of said gating means
to be energized by said identification signal.

3. In a telephone system, a central office, a private
branch exchange, a plurality of stations connectable
through said private branch exchange to said central

oflice, scanning means at said private branch exchange re-

sponsive to a central office service request from one of
said stations for generating a start signal, identification
storage means at said private branch exchange for storing
data individual to said one of said stations, gating means
at said private branch exchange including first and sec-

- ond energizing terminals, control means at said private
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terminals of said gating

branch exchange responsive to said start signal for trans-
mitting an identification signal directly to said first of said
eans and through said storage
means and through said private branch exchange to said

second of said terminals, checking means at said private

branch exchange responsive to the energization of said
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first and said second of said terminals of said gating

means for disabling said control means, data readout
means at said private branch exchange, and means at
said private branch exchange responsive to the disabling
of said control means for causing said data readout means
to read out said data stored in said storage means and
transmit said data to said cenfral office.

4. A telephone system in accordance with claim 3
wherein said checking means includes recycling means for
providing a plurality of additional successive ones of said
start and said identification signals in response to the
energization of only one of said first and said second of
said terminals of said gating means, and timing means ai
said private branch exchange for simulating the energiza-
tion of said first and said second terminals of said gating
means after the generation of a predetermined number of
said identification signals.

5. In a telephone identification system at a private
branch exchange connected to a central office, said private
branch exchange including a plurality of switching means,
a plurality of station means, trunk circuits seizable to con-
nect said station means to said central office, sense scan-
ning means responsive to the seizure of one of said trunk
circuits for generating a start signal, matrix means for
storing data individual to said station means, gating means
including a first and a second terminal, said gating means
being energizable by concurrent signals on each of said
terminals, clearing means responsive o said start signal
for transmitting a clear signal through said matrix means
to eliminate priorly stored data therefrom, outpulser
means responsive to said clear signal for transmitting a
write identification signal concurrently to said first terminal
of said gating means and through said matrix means and
said switching means of said private branch exchange to
said second terminal of said gating means, checking
means responsive to the energization of said gating means
for indicating the completion of an identification sequence
to said central office, and means responsive to a reply
signal from said central office for reading out said data
from said matrix means and transmitiing said data io
said central ofiice.

6. A telephone identification system in accordance with

claim 5 wherein said checking means includes recycle

means responsive to said start signal and to the nonenergi-
zation of said gating means for generating a plurality of
additional start signals each to successively and sequen-
tially energize said clearing means and said outpulser
means for generating respectively a corresponding plu-
railty of said clear signals and said write signals, and
wherein said checking means further includes means for
inhibiting said clearing means in response to the energiza-
tion of said gating means by any of said additional corre-
sponding plurality of said write signals, and independent
timing means for simulating in said checking means the
energization of said gating means after the passage of a
predetermined time interval.

7. In a telephone system, a central office, a private
branch exchange, a plurality of stations connectable
through said private branch exchange to said ceniral of-
fice, scanning means at said exchange responsive to a
central office service request from one of said stations for
generating a start signal, number storage means at said
exchange for storing identification data individual to said
stations, gating means at said exchange, a pulser at said
exchange, a pair of signal transmission paths between said
pulser and said gating means, one of said paths including
said number storage means, said pulser being responsive
to said start signal for applying an identification signal to
both said paths, said gating means being responsive 10 the
appearance of said identification signal on both said paths
for enabling said number storage means to receive said
identification signal, checking means at said exchange for
disabling said pulser in response to the storage oOf said
data in said storage means and for causing said pulser to
make additional identification attempts in response to the
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failure of said data to be stored in said storage means,
readout control means at said exchange energizable in
response to a command signal from said central office, and
data readout means responsive to said readout control
means for sequentially reading out said data stored in said
storage means and transmitting said data to said central
office.

8. An automatic telephone number identification sys-
tem at a private branch exchange connected to a central
office, comprising a plurality of trunk circuits linking said
exchange and said central office, a plurality of extension
stations connected to said exchange, scanning means for
detecting the seizure of one of said trunk circuits by one
of said stations, storage means, control means responsive
to the detection of said seizure for interrupting said scan-
ning means and for storing in said storage means data in-
dividual to said one of said stations and to said one of said
trunk circiuts, means for checking the valid storage of said
data in said storage means, means responsive to said
checking means for transmitting an information signal to
said central office, means responsive to said information
signal for reading out said data to said central office, and
means responsive to said reading out of said data for en-
ergizing said scanning meains.

9. In a telephone system, a central office, a private
branch exchange, a plurality of stations at said exchange, a
plurality of trunk means responsive to an outgoing service
request from one of said stations for connecting said one of
said stations to said office, sensing means at said ex-
change for detecting the operation of said trunk means,
scanning means at said exchange responsive to said sens-
ing means having detected the operation of one of said
trunk means for governing said sensing means to disable
said scanning means and to generate a start signal, trunk
and station number matrix means at said exchange for
storing respectively the trunk number of said one of said
trunk means and the station number of said one of said
stations, checking means at said exchange, matrix enabling
means at said exchange connected to said checking means,
pulsing means at said exhange responsive to said start
signal for transmitting a first identification signal directly
to said matrix enabling means and a second identification
signal to said matrix enabling means over a path including
said trunk number matrix means, said one of said trunk
means, said exchange, said one of said stations, said sta-
tion number matrix means and said checking means,
means at said exchange for interrogating said checking
means and for transmitting a bid signal to said central
office in response to the energization of said matrix en-
abling means by said first and said second identification
signals, data readout means at said exchange, means at
said exchange responsive to said bid signal for governing
said data readout means to read out said trunk number
from said trunk number matrix means and said station
number from said station number matrix means, and

means at said exchange responsive to the completion of
readout for energizing said scanning means.

10. A telephone system in accordance with claim 9
including in adidtion recycle timing means at said ex-
change for generating a predetermined plurality of addi-
tional start signals, means at said exchange for normally
activating said recycle timing means and responsive 1o
be inhibited by the successful interrogation of said check-
ing means, and independent timing means at said exchange
for simulating a successful interrogation of said checking
means after a first predetermined time interval and for
energizing said scanning means after a second predeter-
mined time interval.

11. A telephone system in accordance with claim 9
wherein said matrix enabling means includes a PNPN
transistor comprising a control electrode energizable by
said first identifiaction signal and at least a first active
electrode, said first active electrode being responsive to
said second identification signal. -
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12. A telephone system in accordance with claim 9 in-
cluding in addition synchronous control means at said
exchange for generating timing pulses, and wherein said
data readout means includes a stepping switch comprising
a plurality of stages, each of said stages including a mag-
netic core selectively operative in response to said syn-
chronous control means and a PNPN transistor responsive
to the operation of said core for reading out a portion of
said data and for sw1tchmg the core of the succeedmg one
of said stages.

13. A telephone system in accordance with clalm 12
wherein said pulsing means includes a plurality of ca-
pacitors normally charged in parallel by said synchronous
control means, a magnetic core operative in response to a
selected one of said timing pulses subsequent to said start

signal and a corresponding plurality of PNPN transistors,

each of said transistors responsive to the operation of said
core for discharging said capacitors in series to furnish
said first and said second identification signal.

14. A telephone automatic number identification sys-
tem at a private branch exchange connected to a central
office comprising a plurality of extension stations con-
nectable to said exchange, a plurality of trunk circuits for
selectively connecting said extension stations through said
exchange to said office in response to a central office
service request from said stations, sensing means for de-
tecting said request in response to the operation of one
of said trunk circuits, means for scanmng said sensing
means and for interrupting said scanning in response to
said operation of said one of said trunk circuits, a trunk
number matrix and a station number matrix each includ-
ing a plurality of magnetic cores for registering respec-
tively the trunk number of said one of said trunk circuits
and the station number of said service-requesting station,
control means operative in response to said sensing means
having detected the operation of said one of said trunk
circuits, relay means responsive to said sensing means for

establishing a bus connection to selected ones of said cores

of said trunk member matrix corresponding to said trunk

number of said one of said trunk circuits and a group path

from said trunk cores to said one of said trunk circuits,
synchronous timing means for generating a plurality of
pulses of a first phase and a second phase, identification
start means responsive to the operation of said control
means and to one of said second phase pulses for com-
mencing an identification sequence by generating a start
signal, clearing means responsive to said start signal and
to one of said second phase pulses for generating a clear
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signal to reset all of said cores in said trunk number -

matrix and said station number matrix, supervisory means
coupled to said cores of said station number matrix re-

sponsive to a failure of completion of said identification
sequence for initiating an additional said identification

sequence, matrix enable gating means coupled to said
SUpervisory means, write means responsive to said clear
signal and to one of said first phase pulses. for transmitting
a first write signal directly to said matrix enable gating
means- and for transmitting a second write signal to said
matrix enable gating means over an electrical path in-
cluding said bus connection, said selected trunk cores, said
group path, said one of said trunk circuits, said exchange,
said one of said stations, selected ones of said cores of
said station number matrix corresponding to the station
number of said service-requesting station, said supervisory
means and said matrix enable gating means whereby said
selected trunk cores and said selected station cores are
set, check means in said supervisory means responsive to
said second write signal and to one of said second phase
pulses for establishing a data path to said central office and

for releasing said relay means, output means connectable

to said data path for reading out from said selected cores
data corresponding to said trunk number of said one of
said trunk circuits and to said station number of said
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to said central office, readout start means responsive to the
establishment of said data path and to one of said second
phase pulses for energizing said output means, terminat-

Ing means responsive to the transmission of all of said data

to said central office for releasing said control means, and
scanning start means responsive to the release of said con-
trol means for energizing said scanning means.

15. A telephone system in accordance with claim 14
wherein said relay means includes a plurality of group
relays each responsive to the operation of one of a plu-
rality of said trunk circuits, each of said plurality of trunk
circuits being associated with one of said group relays, for
connecting said cores of said trunk number matrix to
said plurality of said trunk circuits and a plurality of
bus relays responsive to the operation of one of said
trunk circuits in each of said plurality of trunk circuits
for connecting said write means to said cores of said trunk
number matrix.

16. A telephone system in accordance with claim 14
wherein said supervisory means further includes recycle
timing means for periodically transmitting to said clear-
ing means a predetermined plurality of additional start
signals in response to selected ones of said first phase
pulses and to the operation of said control means, each
of said additional start signals initiating an additional said
identification sequence, independent timing means respon-
sive to the operation of said control means and to selected
ones of said first phase pulses for simulating said second
write signal to said check means after a first predetermined
time interval and for energizing said terminating means
after a second predetermmed time interval, and recycle
control means responsive to said start s1gnal and to said
first phase pulses for periodically energizing said recycle
timing means and further responsive to the energization
of said check means for inhibiting said recycle timing
means.

17. A telephone system in accordance with claim 16
wherein said recycle timing means includes capacitor
means responsive to be charged by signals from said re-
cycle control means and by said first phase pulses and
semiconductor means responsive to the charging of said
capacitor means to a predetermined threshold for deliver-

‘ing one of said additional start signals to said clearing

means, and wherein said clearing means includes magnetic
core means operative in response to said second phase
pulses and selectively to said start signal and to said ad-
ditional start SIgnals and a PNPN transistor for generating
said clear signal in response to the operation of said mag-
netic core means,

18. A telephone system in accordance with claim 14
wherein said output means includes data translating means
responsive to said readout start means and said syn-
chronous timing means for initiating readout of said data
from said trunk number matrix and stepping switch means
responsive to the initation of said readout and to selected
ones of said second phase pulses for reading out all of
said data from said trunk number matrix and said sta-
tion number matrix and for governing said data translat-
ing means to transmit all of said data over said data path

to said central office.
19. A telephone system in accordance with claim 18

 wherein said stepping switch means includes a plurality
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of coupled stages, each of said stages comprising a mag-
netic core operative in response to said selected ones of
said second phase pulses and a PNPN {ransistor re-
sponsive to the operation of said core and to said syn-
chronous timing means for selectively reading out a bit |
of said data, said core of the first of said stages 1ncludmg

winding means for switching said first stage core in re-

sponse to said clear signal, and said core of the last of
said stages including winding means responsive to the

operation of said last stage core for energizing said ter-

mmatmg means. -
20. An automatic statlon 1dent1ﬁcat10n c1rcu1t com-

serwce requestmg statlon and for transmlttmg sald data 75 prising a plurality of telephone stations, a plurality of
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frunk circuits, switching means for selectively connecting
said stations to said trunk circuits in response to a service
request from one of said stations, means fqr scanning
said trunk circuits, means for interrupting said scanning
in response to seizure of a trunk circuit by sa_id_ smtchu*fg
means, means responsive to the interruption of said
scanning for initiating the identification of sa1d. one of
said stations, matrix means for storing identification data
individual to said one of said stations, signaling means
responsive to the initiation of said identlﬁca}tmn fqr
transmitting an identification signal through said matrix
means, checking mean energizable by the concurrent
operation of said signaling means and the passage of said
identification signal through said matrix means for -
hibiting said signaling means, and output means respon-
“sive to said checking means for reading out said data
from said matrix means and for activating said scanmning

eans.
21. An automatic station identification circuit in ac-
cordance with claim 20 wherein said checking means 1n-
cludes bistable means for registering the passage of said
identification signal through said matrix means and
wherein said checking means further includes gatiqg
means responsive to said signaling means and to said
bistable means for completing said identification of said
one of said stations. - |

22. In a telephone system a central office, a private
branch exchange including common switching equipment,
a plurality of numerically designated trunks linking sgld
exchange and said office, a plurality of numerically desig-
nated extension stations connectable to said trunks
through said switching equipment, a plurality of numer-
ically designated operator positions directly connectable
to said trunks, detecting means at said exchange for de-
tecting the seizure of one of said trunks in response to a
service request from one of said stations and operator
positions, trunk number matrix means at said exchange
including a plurality of magnetic cores for registering
the trunk number of said one of said trunks, first and
second station number matrix means at said exchange
including a plurality of magnetic cores for registering
the station number of said one of said stations and the
number of said one of said operator positions, gate means
at said exchange including a first and a second terminal,
control means at said exchange responsive to said de-
tecting means for transmitting an identification signal
directly to said first terminal and to said second terminal
over a first path including said cores of said trunk num-
ber matrix means corresponding to the trunk number of
said one of said trunks, said one of said trunks, said
switching equipment, said one of said stations and said
cores of said first and said second station number matrix
means corresponding to the station number of said one
of said stations if said one of said trunks is seized by a
service request from one of said stations, and to said
second terminal over a second path including said cores
of said trunk number matrix means corresponding to
the trunk number of said one of said trunks, said one of
said trunks, said one of said operator positions, said
cores of said first and said second station number matrix
means corresponding to said one of said stations and
said cores of said second station number matrix means
corresponding to said one of said operator positions if
said one of said trunks is seized by a service request from
one of said operator positions, checking means at said
exchange responsive to the energization of said first ter-
minal and said second terminal of said gate means for
inhibiting said control means, and means at said ex-
change responsive to the inhibiting of said control means
for reading out said trunk number, said station number
and said operator position number to said central office.

23. A telephone system in accordance with claim 22
wherein said trunk number, said station number and said
operator position number each comprise a plurality of
digits, wherein said trunk number matrix means includes
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a plurality of groups of said cores, one group for each
of said digits of said trunk number, wherein said first
station number matrix means includes a plurality of
eroups of said cores, one group for each particular ones
of said digits of said station number and said operator
position number, and wherein said second station num-
ber matrix means includes a plurality of groups of s&@d
cores, one group for each of the remaining ones of said
digits of said station number and said operator position
number, including in addition first cross-connecting
means for transmitting said identification signal there-
over from said one of said stations to said cores of said
first station number matrix means corresponding to said
particular ones of said digits of said station number,
second cross-connecting means for transmitting said 1den-
tification signal thereover from said one of said operator
positions to said cores of said second station number
matrix means corresponding to said remaining ones of
said digits of said operator position number, third cross-
connecting means coupling one of said cores of said first
station number matrix means with one of said cores of
said second station number matrix means, and fourth

- cross-connecting means coupling all of said cores of said
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second station number matrix means with said first cross-
connecting means.

24, In a private branch exchange having telephone
stations and operator posifions, an identification system
comprising magnetic core matrix means including a first
matrix having first and second terminals thereon and a
plurality of second matrices having third terminals there-
on, means including said third terminals connecting each.
of said stations uniquely through said second matrices
and to first terminals of said first matrix, and means con-
necting each of said operator positions to a second ter-
minal of said first matrix and to one of said third termin-
als employed for identifying said stations.

25. In a private branch exchange having telephone
stations and operator positions, an identification system
comprising magnetic core matrix means including a first
matrix having first and second terminals thereon and sec-
ond matrix means having third terminals thereon, means
for applying a write pulse to one of said stations, one of
said third terminals and one of said first terminals to
store an identification of said one station, and means for
applying a write pulse to one of said operator positions,
one of said second terminals, one of said third terminals,
and one of said first terminals to store an identification of
said one operator position.

26. In a telephone swiiching system having telephone
stations and operator positions, an identification system
comprising first and second magnetic core matrices, means
for applying a write pulse to one of said stations and once
to each of said matrices to identify said one station, and
means for applying a write pulse to one of said operator
positions, once to said second matrix, and twice to said

first matrix over distinct paths to identify said one of said
positions.

27. In a telephone switching system, a private branch
exchange, a plurality of telephone stations and a plurality
of trunks connected to said exchange, magnetic core
matrix storage means for storing the identities of partic-
ular ones of said trunks and stations interconnected
through said exchange, pulse generating means for gen-
erating, in succession, a clear pulse, a write pulse, and a
check pulse, means for applying said clear pulse to said
storage means to assure resetting of said storage means, a
check magnetic core, means for applying said write pulse
to said storage means and to said check core, and means
for applying said check pulse to said check core.

28. In a telephone switching system, the combination of
claim 27 wherein said check core includes a winding to
which said write pulse is applied and impedance means
connected in parallel across said winding whereby said
write pulse applies a smaller magnetomotive force to said
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check core than to said magnetic core matrix storage

means.
29. In a telephone switching system having telephone
stations and trunks, an identification system comprising

station and trunk number magnetic core matrices, pulser 5

means, an AND gate, means for applying a pulse from
said pulser means directly to a first terminal of said AND
gate, and means for also applying said pulse from said
pulser means to a second terminal of said gate over a
path including one of said stations, one of said trunks,
and satd number matrices, said path further including a
checking element. |

30. In a telephone switching system, the combination
of claim 292 wherein said checking element is a magnetic
core located in said path and having a winding directly
connected to said second terminal.

31. In a telephone system, the combination of claim 30

further comprising means for detecting failure of said
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checking core to switch on application of said pulse to
said path, means responsive to said detecting means for
causing said pulser means to apply an additional pulse to
sald path, and means including a second winding on said
checking core distinct from said path for causing said
core to switch affer detection of a predetermined number
of failures of said checking core to switch responsive to
said pulses from said pulser means over said path.
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