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3,099,718
UNIVERSAL LINE CONCENTRATOR
Richard €. Fisher, Birmingham, Mich.,, assignor to
American Telephone and Telegraph Company, New
York, IN.Y., a corporation of New York
Filed May 24, 1960, Ser. No. 31,349
i Cﬂmms, (CE 179—18)

This invention relates in general to telephone systems
and more particularly to subscriber line concentrating
systems.

Single party subscriber stations are generally connected
to a telephone central office by means of a pair of con-
ductors. Often party line subscribers share a cable pair
to the central office for a portion of the distance; however,
in many instances, party line subscribers also each require
a pair of conductors from the subscriber’s station to the

central office and there is merely a sharing of central
office line equipment.

Where subscribers are located at a
considerable distance from a telephone central office, the
cost of wire facilities is 1appnecmble and the problem of
providing wire facilities in sufficient quantity is not with-
out its own peculiar problems. For example, where
a community has experienced unanticipated growth, the
underground ducts which carry subscribers’ cables are
often fully utilized and additional cable capacity can be
provided only after major construction efforts have been
undertaken.

It is well known that only a portion of a group of sub-
scribers have a need for service at any one particular
Instant. Such requirements vary from subscriber group
to subscriber group; however, traffic studies can readily
develop representative service requirements of a group
of subscribers.

Line concentrating systems are designed with the above-
noted traffic considerations in mind and in a line con-
centrator system a group of subscriber stations are con-
nected to a telephone central office by a group of trans-
mission paths which are fewer in number than the number
of subscribers served. A line concentrating system in-
cludes apparatus for recognizing the transmission needs
of a subscriber’s line and for establishing the required
transmission and signaling paths between such subscribers
and the telephone central office.

Subscriber line concentrators fall in two broad cate-
gories; namely, universal and non-universal. A universal
line concentrator, although it may have optional internal
wiring may generally be used with any of the well-known
present-day telephone smtchmg systems. A non-universal
concentrator, however, is designed for use with one par-
ticular type of telephone switching system and, in fact,
generally represents a dispersion of a portion of the par-
ticalar telephone switching system to which the concen-
trator applies. The subject invention is a universal type
concentrator.

It is a general object of this invention to provide an
improved communication switching system wherein sub-
scriber stations fare selectwely and individually connected
to a telephone central office by a smaller number of com-
mon trunks.

More particularly, an object of this invention is the
optimum utilization of electronic 'and electromechanical
techniques whereby subscriber needs are more economi-
cally and efficiently served.

It is another object of this invention to provide the de-
sired interconnections between subscriber stations and the
central office without adversely affecting the trans:xmsswn
or signaling characteristics of the telephone central office.

It is a further object of this invention to serve subscriber
requests for service with a minimum of delay.

These and other objects of this invention are attained
in one illustrative embodiment wherein requests for service
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and requests ‘for origination and termination are handled
on an electronic basis and wherein the communication
paths are established by electromechanical means.

The concentrator system comprises a central office
unit which is located at a telephone central office and is
connected to subscriber line circuits therein and a feld
unit which is located some distance from the central office
and is connected to subscriber stations in the region of the
field unit, System op eration is controlled by a concen-
trator control which is located in the central office unit.
Requests for service at both the central office and at the
field unit are detected by electronic scanning circuits.
Once a request for service has been detected, the connec-
tion between the subscriber station and its associated cen-
tral office line circuit is established and maintained by
electromechanical means.

Requests for release of a trunk are detected by an elec-
tronic trunk release scanner which is located at the central
office unit and which operates simultaneously with the
line scanners rather than on an interleaved basis. Through
the unique combination of electronic and electromechani-
cal techniques employed in this system, subscriber service
ficiently and economically provided.

1s efj

In accordance with one feature of this invention, sub-
scriber ‘stations ‘and their associated central office line
circuitry, when served by the subject invention, are inter-
connected by a transmission path which is comparable in
transmission and signaling performance to that of a fixed
cable pair of the same length.

In accordance with another feature of this invention,
requests for service from the field unit are advantageously
returned to the central office over a simplex transmission
path.

In accordance with another feature of this invention,
subscriber lines and the trunks interconnecting the central
office unit and the field unit are simultaneously scanned.

The above and other objects and features of this in-
vention will be more readily understood from the follow-
ing description when rc—::ad with respect to the drawings in
which:

FIG. 1 is a general block diagram schematic of a con-
centrator central office unit in accordance with this in-
vention;

FIG. 2 is a general block diagram schematic of a line
concentrator field unit; -

FIGS. 3 through 16 are a schematic representation of a
line concentrator central office unit in accordance with
onte illustrative embodiment of this invention;

FIG. 17 is a schematic representation of a line crossbar
switch as employed in this invention;

FIG. 18 is a schematic representation of ‘a trunk cross-
bar switch as employed in this invention;

FIGS. 19 through 31 are a schematlc representation of
a line concentrator field unit in accordance with one illus-
trative embodiment of this invention; |

FIGS. 32 and 33 are time diagrams of events which
occur within the units of this invention; and

FIG. 34 shows the arrangement of FIGS. 3 through 31.

GENERAL DESCRIPTION

The principal divisions of a line concentrator system in
accordance with this invention are shown in FIGS. 1 and
2. 'The Concentrator Control 115 sets the pace for work
operations within the system. A pulse source therein
governs the operation of the Line Scanners 111 and 216
which are located at the central office and at the field unit,
respectively, and of the Trunk Release Scanner 112. In
this one illustrative embodiment, each concentrator sys-
tem serves 128 subscriber stations which are represented
in FIG. 2 by the stations 217 through 220. Associated
with each of these stations is a field unit scanning circuit

such as 211 through 214, a central office unit scanning
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circuit such as 186 through 109, an interconnecting trans-
mission and signaling path from the central office to the
scanning circuits such as 192 through 165, and individual
subscriber line circuits 148 through 143 in the telephone
central office 1¢1.

Terminating calls directed to subscriber stations served
by the subject concentrator system are detected by the
Central Office Unit Line Scanner 111 which is connected
to the subscriber dine scanning circuits such as 186 through
109 by the conductor group 118. Requests for origina-
tion of service by subscribers served by the system are
detected by means of the Field Unit Line Scanner 216
which. is connected to the field unit line scanning circuits
such as 211 through 214 by means of the conductor group
215. The Central Gffice Line Scanner 111 and the Field
Unit Line Scanner 216 are under the control of the Con-
centrator Controller 115 which directs the attention of
the two scanners simultaneously to a particular sub-
scriber station and its associated central office line circuit.
That is, when the S€ subscriber station 217 line scanning
circuit 211 is being scanned by the Line Scanner 216, its
associated central o
scanned by the Lme Scanner 111.

In the absence of a request for service, line circuits are
sequentially and periodically scanned. A scanning rate
of 500 lines per second is employed herein. The number
of requests for service, both originating and terminating,
is statistically small compared to the number of scans
performed, accordingly, the Trunk Release Scanner 112

1s arranged to scan the frunk circuits such as 128 fthrough'

133 simultaneously with the scanning of the line scanning
circuits such as 106 through 109,

The 128 subscribers’ lines served by the concentrator
are divided equally into A and B groups of lines. Asso-
ciated with each group of lines is a central office line
switch such as 118 and 119, a central office trunk switch
such as 120 and 121, a field unit trunk switch such as 261

and 202, and a field unit line switch such as 204 and 207.

Twenty transmission trunks interconnect the ceniral office
and field units. Four of the trunk circuits such as 134
and 135, 138, and 139 are permanently associated with
each of the groups of sixty-four lines and twelve of the
trunks are employed in common by the two groups of
lines.

Once a request for action has been detected by the
Line Scanner 111, the Trunk Release Scanner 112, or the
Line Scanner 216, further scanning is terminated until
the necessary action has been completed. |

When a request for service has been detected by either
the Line Scanner 111 or the Lie Scanner 216, the Con-
centrator Control 115 detects the identity of the first idle
central office to field unit transmission trunk and then
orders the appropriate interconnections through the cen-
tral ofiice unit and field unit line and trunk switches. Con-
trol communication between the Central Gffice Concen-
trator Control 115 and the Field Unit Concentrator Con-
trol 216 is by way of two control cable pairs 116 and 117.

Upon detection of a trunk release by the Scanner 112,
the Central Office Concentrator Control 115 takes the
steps necessary to release the transmission paths through
both the central office and field unit line and trunk
switches., Again, orders from the Central Office Concen-
trator Control 115 to the Field Concentrator Control 210
are transmitted over the control pairs 116 and 117.

DETAILED DESCRIPTION
Supervisory Scan of Lines at the Central Office Unit

The following discussion is directed to the electromc
scanning of subscribers’ lines, both at the central office
unit and the field unit, and the scanning of trunks to
detect requests for release thereof.

In FiG. 3, there is shown an Astable Circuit 391 which
18 the basic timing source for this system. The Astable
Circuit 301 produces square wave pulses having a repeti-
tion rate of approximately 500 pulses per second and a
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pulse duration of 500 microseconds. Accordingly, the
Astable Circuit 301 is in dts “0” state for 1500 micro-
seconds and in its “1” state for 500 microseconds, al-
ternately. The “0” terminal of the Astable Circuit 381
1s connected to various points throughout the central office
unit ¢f the concentrator and is connected to the field unit
via appropriate gates and one of the two control pairs.
The “1” terminal of the Astable Circuit is employed as an
mput signal to the 6 stage Binary Counter 382. The
6 stage Binary Counter 392 determines the identity of
the trunk being scanned for supervision and in combina-
tron with the A—B fiip-flop 6¢1 determines the identity
of the line being scanned. Each time the Astable Circuit
301 is set to its “1” state, a pulse on conductor 312 serves
to increment the Counter 382 by one count.

A 6 stage Binary Counter has 64 stable states. These
states range from the condition wherein all stages are in
their “0” state to the condition wherein all stages are in
their “1” state. The Binary Counter has completed its
natural cycle when the sixth or most significant stage is
reset to its “0” state. To assure synchronization of oper-
ation between the central office unit and the field unit, a
synchronizing sequence is performed whenever a group
of 64 lines has been scanned and whenever a service or
release request has been served.

As previously indicated, each time the Astable Circuit
301 1s set to its “1” state, the Binary Counter 302 in the
central office unit is incremented by one count, Scanning
at both toe central office unit and the field unit is under
control of the Astable Circuit 361 and a scanning pulse
1s generated each time the Astable Circuit 331 is reset
to its “0” state.

The “0” terminal of the Astable Circuit 301 i1s con-
nected through conductor 324 to the AND gates 419 and
420 which are selectively enabled in accordance with the
setting of the A—B flip-flop 60%. If the A—B flip-flop
6801 is in the A state, the AND gate 419 will be enabled
upon the occurrence of a pulse on conductor 320. A
scanning pulse which is transmitted through AND gate
419 will generate a signal of a first polarity across the
terminals 416 and 417 of the Line Transformer 441 and
a scanning pulse transmitted through the AND gate 428

- will produce a pulse of the opposite polarity :across the
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terminals 416 and 417 of the Line Transformer 481. As
will be explained later, during scanning the TR relay 418
1s energized; therefore, signals which appear at the ter-
minals 41¢ and 417 are transmitted via conductors 487
and 408, make contacts 418 and 411, and the first control
pair, conductors 414 and 415, of cable 421 to the field
unit for use therein. The operation of the field unit will
be later described in detail and it is sufficient at this point
to mote that the field unit recognizes the polarity of pulses
received over the control pair.

When the natural cycle of the Binary Counter 302 has
been completed and the sixth stage is returned to its “0”
state, a pulse will be provided to the Pulse Stretcher 304
via conductor 319 and capacitor 318. The Pulse Stretcher
304, in response to a short pulse from conductor 319,

provides a signal of appropriate duration to the Interval

Timer 303. The Interval Timer is a monostable circuit
which energizes conductor 316 for approximately 5,000
microseconds. The signal on conductor 316 is employed
to: (1) hold the Astable Circuit 301 in its “1” state:
(2) reset all stages of the Binary Counter 392 to their
“0” state (at this point in time, the Binary Counter should
be fully reset; however, in the event of noise or faulty
operation, the present act assures the desired state); and
(3) changes the state of the A—B flip-flop 601.

In the normal scanning of lines, pulses either positive
or negative are transmitted from the central office unit at
a 500 pulse per second rate. That is, once every 2,000
microseconds, a new pulse is transmitted. The Interval
Timer 393 holds the Astable Circuit 381 in its “1” state

for 5,000 microseconds; therefore, the transmission of
pulses to the field unit is halted during this period. The
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5.000 microsecond interval between scanning of groups
of lines permlts (1) resetting of the Binary Counter 302
at the central office unit; (2) resettlng the Binary Counter
2501 in the field unit Whlch is the counterpart of the
Counter 362: and (3) electrical recovery of the first con-
trol pair (conductors 414 and 415 of cable 42i) in prepa-
ration for transmission of pulses of opposite polarity
thereon.

At a starting point in time, the A—B fiip-flop 601 may
be in either the A or B state and the Counter 302 may be
in any one of its 64 stable states. The state of the A—B
flip-flop 601 and the state of the Binary Counter 302, are
employed as input signals to the Translators 366 through
389. The input signals to each of these four translators
is on a two-rail basis. That is, conductors representative
of the two binary states are connected to the translators
as input conductors.

The Translator 366 is a 2 ‘bit binary to l-out-of-4
translator which has as its input the “A” and “B” con-
ductors 610 and 611, respectively, of the A—B tlip4iop
661 and the “0” and “1” conductors of the first stage of
the Binary Counter 3902.

The Translator 307 is a 3 bit binary to 1-out-of-8
translator wherein five of the -eight output conditions
are utilized. The input signals to the Translator 347 com-
prise the “0"” and “1” output conductors of the first, fourth,
and fifth stages of the Binary Counter 3{2.

The Translator 308 is a 2 bit binary to 1-out-of-4 trans-
lator which has as its input conductors the “0” and “1”
output conductors from. the second and third stages of the
Binary Counter 3§2.

The Translator 309 is a 3 bit binary to 1-out-of-8 trans-
lator. The input conductors to the Transtator 3¢9 com-
prise the “0” and “1” output conductors of the fourth,
fifth, and sixth stages of the Binary Counter 30Z.

The 128 subscriber stations served by a concentrator
in accordance with this one illustrative embodiment are
divided evenly into two igroups of 64 lines each, com-
monly referred to as the A and B groups of lines. Each
oroup of 64 lines is further divided into 4 subgroups,
namely G@ through G3, each of which includes 16 lines.
The subscribers’ lines terminate on the line crossbar
switches and their arrangement within the switch is ilius-
trated in FIG. 17.

The crossbar switch of FIG. 17 comprises 20 verticals
and 10 horizontals. At each intersection of the switch
there lies a group of 6 contacts representing two 3 wire
subscriber circuits. The contacts at an intersection are
selectively closed by first enabling a select magnet which
is associated with one of the '10 horizontals on the switch
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and by then energizing a hold magnet associated with one

of the 20 verticals on the switch. Once the hold magnet
has been energized, the select magnet may be de-energized
and subsequently employed in the selection of another set
of crosspoint contacts.

In this one illustrative embodiment, two of the hori-
zontals on the switch; namely, H¢ and H1, are employed
for purposes of circuit steering. That is, sets of cross-
points which are selected by the select magnefs of the
first or second level are employed in conjunction with

the sets of crosspoints in horizontals 2 through 9 to
determine which three of the six contacts of the latter

group of crosspoints is to be employed. In FIG. 17
there are shown 2 X’s at the intersections of lines projected
from each select magnet and each hold magnet, Each X
represents a group of 3 contacts. The contact groups
which lie to the left of a hold magnet are shown feriminat-
ing on the first horizontal of the crossbar switch while
the contact sets to the right of the hold magnet are shown
terminating on the second horizontal of the crossbar
switch. Alongside each contact set there is a numerical
label which indicates the subscriber’s line associated with
that particular contact set. Only the crossbar switch for
the A group of lines is shown in detail in FI1G. 17; there-

09

60

65

70

75

6

fore, each of the lines labeled ¢ through 63 lies in the
A group. As stated earlier, the A group of lines is divided
into four subgroups, GO through G3. Further, it was
previously stated that the crossbar switch 17861 has a
total of 20 verticals. Four links, 1-G0, 1-G1, 1-GZ, and
1-G3 are shown leaving the top of the crossbar switch
17¢1. Each of these links represents one Iink of a group
of five links. That is, there are four groups of links
1-G9 through 5-G¢, 1-G1 through 5-G1, 1-G2 through
5-G2, and 1-G3 through 5-G3,

The manner in which a line is connected to a link can
best be understood by way of illustration. For example,
assume that line 24 is to be connected to link 1-G0O.
Under these conditions, the S& select magnet 1782 as-
sociated with the first horizontal of switch 1781 is op-
erated and S5 select magnet 1767 associated with the
sixth horizontal of the crossbar switch is also energized.
The interconnection of line 24 to link 1-G&# 1s com-
pleted by energizing the H1 hold magnet 1712 which
closes through the appropriate contacts to connect the
subscriber’s line 24 to link 1-G@®. If it were desired 1o
connect subscriber line 25 through to link I-G&, the Si
and S5 select magnets 1783 and 1787 would be energized
in conjunction with the H1 hold magnet 1732,

From an examination of FIG. 17, it can be seen that
a line within the group of 64 lines can be identified by
specifying a steering horizontal, a line horizontal, and
a subgroup. That is, there are two steering hortizontals,
eight line horizontals, and four subgroups for a total
of 64 choices. The vertical conductors of the line and
trunk switches of FIGS. 17 and 18, are, of course, con-
tinnous; the making of a crosspoint on any one of levels
S2 through S9 sufficing to connect the vertical conductor
(selected by operation of either S& or Si) to the ap-
propriate horizontal.

The central office unit scanning circuits such as 106
through 109 are shown in detail in FIG. 13. In the

upper [portmn of FIG. 13, there is shown a portion of
central office line switch 1304 and a portion of the central

office trunk switch 1322. Specifically, there is shown the
portion of the line switch relating to subscriber’s line nums-
ber SO, the portion of the frunk switch relating to trunk
A3 and one of the interconnecting links.

The details at the bottom of FIG. 13 show the in-
terconnection of the subscriber line circuits which can
be best understood by reference to the line switch 1761
of FIG. 17. There are 16 subscribers’ lines such as S§,
S1, S8, S9, S16, S17, S24, S25, S32, S33, S40, 541,
S48, S49, S56, and S57 in each subscriber subgroup
and there are 8 subscribers’ lines in each line switch hori-
zontal. The scanning circuit for subscriber number S
comprises the common point 1324, capacitor 1333, re-
sistor 1337, diode 1341, and common point 1343. Sub-
scribers’ lines which are within a subgroup and which
employ a common steering level are multiplied at a
common point such as 1324, Subscriber lines appearing
on a single line switch horizontal are multiplied at a
common point such as 1345. That 1s, at the subgroup
common point 1324, there are connected 8 subscribers’
line circuits such as S8, S8, S16, §24, S32, S4@, S48, and
S56 and at the horizontal common point 1345 there are
connected 8 subscribers’ line circuits such as O through 7.
Enabling signals for the subscriber line scanning circuits
are derived from the Line Scanner 31¢ and the Line
Horizontal Translator 309. |

The output conductors of the ILine Scanner 310 are
labeled with three-element alpha-numeric designations.
The first element of the label, either “A” or “B,” desig-
nates the line group being scanned; the second element
either “0” or “1” defines the steering level to which the
line is assigned and the third element, which may be
any value from “0° through “3,” designates the subgroup
in which the line appears. 'The output conductors from
the Line Scanner _310 are connected to subgroup common
points such as 1324 and 132S5. The output conductors
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- of the Scanner 31§ are energized only during a portion
of the time the Astable Circuit 3801 1s in its “0” state.

In FIG. 13, the scanning circuit for subscriber line S7
comprises the common point 1325, capacitor 1334, re-
sistor 1338, diode 1342, and common point 1345. The
scanning circuits for subscribers’ lines S¢ through S7 are
connected in parallel to the horizontal common point 1345
and these subscribers’ lines employ in common the hori-
zontal selection circuitry comprising the 2 conductor
1363, resistor 1354, diode 1357, and diode 1360 which
1s connected to the scanner output conductor 21367.

As previously stated, the states of the A—B flip-fiop

and of the Binary Counter 382 define the subscriber line
and the transmission trunk which is being scanned. The
state of the A—B flip-flop 681 determines whether a line
in the A or B group of lines is being scanned. The “0”
stage of the Binary Counter 302 defines the line switch
steering level, stages 1 and 2 define the subscriver sub-
group and stages 3 through 5 define the line horizontal.

Scanning of lines under the influence of the output
conductors of Scanner 318 proceeds during all times in
which a connection to a trunk is available to the scanned
subscriber’s line, The A¢ through B3 inhibiting conduc-
tors 114% through 1147 are selectively energized whenever
all links within a subscriber’s subgroup are busy.

An all-links-busy contact chain 1s shown mm FIG. 11,
The particular trunk crossbar switches employed in this
one illustrative embodiment include auxiliary contacts

such as 115¢ through 116% which are operated by the

switch hold magnets. As previously explained with re-
spect to FIG. 17, there are five links such as I-G¢ 1n
FIG. 17 to serve a subscriber’s line subgroup. If all
- links available to the subscriber’s line under iminediate
consideration are found to be busy, the scanning of lines

in that subgroup is suspended until a link becomes avail-

~able. The availability of links is indicated by the electrical
state of the A® through A3 and Bé through B3 inhibit-
ing conductors 114¢ through 1147. The auxiliary con-
tacts of hold magnets assigned to a particular subscriber’s
subgroup are serially connected; therefore, when ail hold
- magnets within a subscriber’s subgroup are simultaneously
energized, a complete path will be provided between the
appropriate one of the inhibit conductors appearing on
the Line Scanner 31¢ and a source of potential. The
complete path to this source of potential will be later
described in detail. The operation of the ILine Scanner
310 is suspended for the respective subgroup whenever
one of the inhibit conductors A¢ through A3 and B9
through B3 is energized.

The scanning of subscribers’ lines at the central office
unit can be best understood by a specific example in
which subscriber’s line number S is being scanned. In
FIG. 17, it is seen that subscriber’s line number S© is in
the A group of lines, is served by the first steering level,
is in the first subgroup of lines of the A group, and is on
the third horizontal HZ of the line switch. When sub-
scriber’s line S§ is being scanned, the A—B flip-fiop 601
will be in the “A” state and all stages of the Binary
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associated subscriber’s line circuit in the central office
unit of the concentrator. Such line circuitry is seized
by placing a ground on the sleeve conductor 13¢1. Prmr
to the time the line circuit is seized, the central office
line circuit is arranged to provide approximately —S50

volts on the sleeve conductor 1301. In the absence of a
terminating request, the above-noted negative potential |

applied through resistor 1337 is sufficient to back-bias
diode 1343 and the positive pulse which is applied by the

Line Scanner to common point 1324 is not permitted
to pass through diode 1341. If a terminating request
1s present and the sleeve conductor 1301 is at ground
potential, the positive pulse on conductor 314 will pass
through diode 1341 to the horizontal common point
1345, FEight subscribers’ lines are multiplied at common
point 134S; however, only one of this group of eight
lines is scanned at any one instant. The H2 conducter
1363 became energized when the third, fourth, and fifth
stages of the Binary Counter 302 well all set to the “0”
state. If the H2Z conductor 1363 is energized at the
time a pulse is permitted to pass through diode 1341
and capacitor 1351, the diode 13686 will be forward-biased
and the positive pulse which originated in the Line Scan-
ner 31¢ will be transmited to the S conductor 1367. A
positive pulse on conductor 1367 indicates a request to
terminate a call to one of the subscribers of the group
served by the line concentrator system. The pulse on

conductor 1367 sets the service action flip-flop 404 to its

“1” state.

When a request for service is detected, steps are un-
dertaken to prevent further scanning of subscribers’ lines
and transmission trunks until aftter the request has been
served. The detailed steps required to effect the neces-
sary connections through the central office and field unit
Iine and trunk switches will be later described with re-
spect to a call through the concentrator.

Supervisory Scan of Trunks

For release control the transmission trunks are di-
vided into five groups of four trunks each. The trunk
group 1s defined by the states of the 0, 3, and 4 stages
of the Binary Counter 382 and the trunk within the group
18 defined by the states of stages 1 and 2 of the Binary
Counter 30Z.

The Translator 367 is a 3 bit binary to 1-out-of-8
translator; however, in that only five groups of transmis-
sion trunks are employed, only five output conductors,
namely, TGO through TG4 are utilized.

The 2 bit binary to 1-out-of-4 Translator 368, in ad-
dition to other system functions, defines for purposes of

- scanning the particular trunk within a group of trunks.

99

Counter 302 will be in the “0” state. Assuming that there

are -links available to serve line S¢, the Line Scanner 31¢
will not be inhibited, and the AL¢ and G@ input con-
ductors will be energized. Under these input conditions,
the A8§ output conductor 314 is energized. Conductor
314 is a portion of cable 315 and is shown terminat-
ing in FIG. 13 at common point 1324. When the Asta-
ble Circuit 301 changes from its “1” to 1is “0” state, a
“P” pulse is applied through condenser 326 and ampli-
fier 316 to the Line Scanmer 31¢. The output signals
from, Scanner 310, such as that which appears on con-
ductor 314, are positive pulses which are coincident in
time with the above-noted “P” pulses.

Scanning at the central office serves to detect requests
for terminating calls. That is, when there is a call placed
to a subscriber served by the line concentrating system,
the associated central office line circuit will energize the
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The five output conductors of the Translator 307 and the
four output conductors of the Translator 308 provide
input signals to the Trunk Scanner 311.

Fach of the transmission trunks has associated there-
with a diode such as 1328 and a resistor such as 1326
which are connected between the ring and sleeve con-
ductors of the trunk at the central office unit trunk cross-
bar switch. The point 136% at which the diode 1323
joins the resistor 1326 is a trunk scan point which is
connected to the Trunk Scanner 311 over an associated
conductor such as 1368.

A scanned trunk may be in one of four states; namely,

(a) trunk idle and associated crosspoints are not op-

erated; (&) trunk is connected through both the central

office trunk and line switches to a subscriber’s line eqmp—
ment in the central office and the subscriber’s line equip-

ment 1s in the on-hook state: (c¢) trunk is connected.

through both the central office trunk and line switches
to a subscriber’s line equipment in the central office and
the subscriber’s line equipment is in the off-hook state;
and (d) the station of a subscriber originating a call is
connected through the line and trunk switches at both the
remote concentrator and the central office unit to the
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subscriber’s line equipment; however, the central office
equipment has not returned dial tone to the calling sub-
scriber,

In each of the above possible conditions, discrete po-
tentials exist at the trunk scan point such as 1369.

In state (¢) above, the trunk scan circuit comprising
the dicde 1328, scan point 1369, and resistor 1326 is
not connected through the crosspoints such as 1317 and
1319 and the diode 1371 is back-biased by the negative
potential of the voltage source 1332 which is negative
with respect to the potential supplied by the TRK relay
on the other side of the diode. In states (b) and (c)
above, the scan point 1369 will be at a first high nega-
tive potential when the subscriber’s line circuit in the
central office is in the on-hcok state and a low negative
potential when the subscriber’s line equipment is in the
off-hook state. The Trunk Scanner 311 is arranged to
provide an output signal on the RT conductor 313 when-
ever the scanned trunk is found to be in the above-
noted condition (b). That is, if a trunk is connected
through the line and trunk switches in the central oiiice
unit of the concentrator and the associated subscriber’s
line circuit in the central office is in the on-hook state,
a request for the release of the trunk is indicated and
the release trunk conductor 313 will be energized. The
RT conductor 313 is connected to the set terminal of
the release action flip-flop 485. The function of the RA
flip-flop 405 and the attendant system actions will be
described later. |

It is possible that scanning of trunks to detect requests

for release may begin before the central office equip-.

ment has returned dial tone to a subscriber whose request
for service has just been processed by the concentrator.
That is, there may be a lapse in time between the time

that a subscriber station is connected through to the cen-

tral office and the time the central office equipment re-
sponds to return dial tone to the originating subscriber.
In this short period of time, scanning of lines and trunks
may have been restored and steps must be taken to prevent
a line in such condition to appear as a request for release.
Until such time as the central office equipment has re-
sponded to provide dial tone, a negative 50 volt potential
is returned over conductor 1301 and through the central
office line and trunk switches 1384 and 1322 to the junc-
tion of capacitor 330 and resistor 1326. With the sub-
scriber station in the off-hook condition, the potential re-
turned from the central office equipment is shunted down
through the diode 1328 and the subscriber’s loop through
contacts of the concentrator trunk and line switches 2203
and 2284. Accordingly, if a trunk is connected to a line
awaiting dial tone, the voltage at scan point 1369 inhibits
the generation of a request for disconnect signal.

In that the Line Scanner 31¢ and the Trunk Scanner
311 operate simultaneously and independently, the scan-
ning of lines and trunks proceeds simultaneously in an
ordered fashion.

Supervisory Scan of Lines at the Field Unit

System scanning at the field unit is also under the con-
trol of the Astable Circuit 301 and counterparts of several
functional blocks of equipment in the central office umnit
are found in the field unit. For example, there is a 6
stage Counter 2501 which is the counterpart of the Coun-
ter 392; there is a Line Scanner 2562 which is the counter-
part of the Line Scanner 310; and there are the Translators
2583 and 2504 which are the counterparts of the Trans-
lators 308 and 309,

As previously stated, signals on the “0” output conduc-
tor of the Astable Circuit 301 are selectively transmitted
through the A or B AND gates 419 and 420 depending
upon the setting of the A—B flip-flop 601. Output signals
from the AND gates 419 and 420 are transmitted to the
primary winding of the Line Transformer 401 and thence
to the first control pair comprising conductors 414 and 415
via conductors 407 and 408 and make contacts 410 and
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411. The first and second control pairs are shown enter-
ing the central office to field unit cable 421 which termi-
nates in FIG. 23 of the field unit.

Before proceeding to a detailed discussion of the scan-
ning of lines at the field unit and the attendant actions
following the detection of a request for service, it 1s €s-
sential that the functions of the control relays.at both the
central office unit and the field unit be thoroughly under-
stood. The following statements are intended to set forth
the functions of the various control relays and their states
at various times in the course of system :operation.

The TR relay 418 is operated during scanning and re-
leased during the time a service request is being served.
The TR relay serves to transfer the first control pair com-
prising conductors 414 and 415 from the winding of the
coil 491 to other locations within the central office unit.
That is, during scanning, the conductors 414 and 415 of
the first control pair are connected to terminals 416 and
417 of the coil 481 and during other times conductors 414
and 415 are connected to contact chains -of the ID1
through IDS8 identification relays 1461 through 1493.

The TR1 relay 437 is unoperated during scanning. It
is responsive to the release of the TR relay 418 ‘and 1s
operated during both the establishment and disestablish-
ment of connections through the concenfrator system.
The TR1 relay primarily serves to transfer the conductors
440 and 441 of the second control pair from a scanning
function to either a release or establishment of connec-
tion function,

The A relay 562 is released during scanning and oper-
ates whenever a request for service to or from a line in
the A group is detected.

The B relay 563 is similar to the A relay 582 and
operates whenever a request to or from a line in the B
group is detected.

The RL relay 804 is released during scanning and
operates whenever a request for release of a connection is

detected. |
The RL1 relay 501 is auxiliary to the RL relay 8304 and

provides additional contacts during the release function.

The ID1 through ID8 relays 14901 through 1448 are
released during scanning and are selectively operated dur-
ing both the establishment and disestablishment of a con-
nection through the concentrator system. The ID1
through ID$ relays are identificaticn relays which are
selectively operated to define the trunk between the cen-
tral office unit and the field unit which is to be connected
or disconnected.

The C relay 432 is operated when a plausible number
of identification relays ID1 through ID8 are operated.

The LSA through LSD relays 1685 through 1608
operate during the establishment and disestablishment of
a connection through the central office unit in accordance
with the setting of the Counter 3¢2. In that the setting
of the Counter 392 defines the line which is to be connect-
ed, the LSA through LSD relays have contacts which serve
to selectively operate the appropriate steering level select
magnet and horizontal select magnet for the line to be
connected.

The GO through G3 relays 1285 through 1208 are
energized in accordance with the signals from the Trans-
lator 308 and therefore operate in accordance with the
setting of the second and third stages of the Counter 302.
The second and third stages of the counter define the
group in which the line being served resides.

Contacts of the LSA through LSD relays 1645 through
1608 and of the G6 through G3 relays 1295 through 120%
effect operation of the required ones of the TD1 through
ID8 relays 1401 through 1468.

The 1LKO through LK4 relays 1181 through 1165 are
operated during the establishment of a connection through

" the concentrator and serve to define the first available link

75

within a subgroup. The contacts of the LK¢ through LK4
relays 1101 through 1105, in combination with the con-
tacts of the operated one of the GO through G3 relays
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1205 through 1208, serve to define the hold magnet which
is to be operated during the establishment of a connection.
The CK relay 786 is employed during both the estab-
lishment and disestablishment of a connection through

the concentrator and when operated indicates that the

appropriate connections at the central office umt have
either been established or broken as the case may be.
The CK1 relay 762 operates directly in response to the
CK relay 706. The CK1 relay provides a path by which
the operation complete signal from the remote concen-
trator is returned to the central ofiice. -

The trunk relays 901 through 91¢ are individually
assigned to the transmission trunks from the central office
unit to the field unit and these are selectively and indi-
vidually operated during the time a trunk is connected
through - the concentrator units. Contact chains of the
trunk relays 901 through 910 serve to identify the first
available trunk. |

The control relays at the field unit have functions as
follows which are similar to the functions of the control
relays at the central office unit.

The A and B relays 1901 and 1902 are similar to the
A and B relays 502 and 503 and are operated when a
request for service to a line in the A or B group, respec-
tively, is indicated.

The RL relay 1993 is similar to the RL relay 804

and is employed at the field unit during the release of a
connection therethrough. |

The auxiliary relay 2409 is auxiliary to the A, B,
and RL relays 1901, 1962, and 1903 and serves to pro-
vide additional contacts therefor during the establishment
and disestablishment of a connection through the field
unit.

The GO through G3 relays 2706 through 27092 are
counterparts of the GO through G3 relays 1205 through
1208 and serve to define the subgroup in which the line
‘to be connected resides during the establishment of a
connection.

LK0 through LK4 relays 2801 through 2805 are
counterparts of the LK 0 through 1L.K4 relays 1101 through
1105 and are operated during the establishment of a con-
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nection in accordance with the first available link. The

~contacts of the LK@ through 1.LK4 relays 2801 through
2805 in combination with the contacts of the G0 through
(33 relays 2706 through 2709 serve to operate the desired

hold magnet in the establishment of a connection through

the concentrator.

The LSA through LSD relays 3065 through 3008 are
similar to the LSA through LSD relays 1605 through
1668 and when operated in accordance with the setting
of the Counter 2501 serve to operate the desired steering
select magnet and horizontal select magnet at the field
unit.

The ID1 through IDS8 identification relays 3161 through
3108 are counterparts of the ID1 through ID8 identifica-
tion relays 1401 through 1408 and operate during bot
the establishment and disestablishment of a call. Simi-
larly numbered relays in both the central office unit and
ficld unit operate to define the trunk to be connected
or disconnected.

The C1 and C2 relays 2419 and 2413 are released dur-
ing scanning and operate during both the establishment
and disestablishment of a connection through the field
unit ppon the operation of a plausible number of the
ID1 through IDS8 identification relays 3101 through
3108.

The CK relay 2005 is employed to check that the
appropriate trunk has been connected or disconnected at
the field unit and serves to generate an operation com-
plete signal which is transmitted to the central office unit.

While lines are being scanned, the auxiliary relay 2409
‘s de-energized and the first control pair comprising con-
ductors 414 and 415 is connected through break contacts
2401 and 2404 to conductors 2405 and 2406 which
terminate on the coil 2100, |
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The circuitry in FIG. 21 is: (1) selectively responsive
to the two polarities of pulses transmitted over the first
control cable pair comprising conductors 2405 and 2496;
(2) responsive to signals transmitted over the simplex of
the first control pair; and (3) provides means for trans-

-mitting a service request from the field unit to the central

office unit via the simplex circuit of the first control pair.

In FIG. 21, the PDA and PDB {ransistors 2131 and
2132 are employed to detect the two polarities of scanning
pulses which are transmitted from the central office to the
field unit., In the absence of pulses from the central
office unit, the two transistors 2131 and 2132 are both
in the On state. Transistor 2131 is held in its On state
by forward-biasing the emitter-to-base junction over a
path that includes positive battery, the emitter-to-base
junction of transistor 2131, and resistor 213¢ returned to
ground. Similarly, transistor 2132 is held in its On
state by a signal path which includes positive battery, the
emitter-to-base junction of transistor 2132, and resistor .
2129 returned to ground. When the A pulse detection
transistor 2131 is in its On state, the PA transistor 2137
is held in its Off state. Similarly, when the B pulse de-
tection transistor 2132 is in its On state, the PB tran-
sistor 2138 is held in its Off state,

The PA and PB tramsistors 2137 and 2138, in com-
bination with the M transistor 2141, form mutually ex-
clusive monostable circuits. That is, at certain times
in the cycle of system operation, the PA transistor 2137
and the M ftransistor 2141, in combination, comprise a
monostable circuit while at other times in the operating
cycle the PB transistor 2138, in combination with the
M transistor 2141, similarly form a monostable circuit.
As long as the PA and PB transistors 2137 and 2138 are
in the Off state, the M transistor 2141 will be fully con-
ducting. The M ftransistor is held in the On state by
forward-biasing the base-to-emitter junction of the tran-
sistor 2141 over a path which includes the negative source
of potentral 2157, resistors 2158, and 2145, diode 2142,
and the base-to-emitter junction of transistor 2141 re-
turned to ground. When the PA transistor is turned on,
a positive pulse is transmitted through the diode 2140
and capacitor 2160 to back-bias the diode 2142. When
the diode 2142 is back-biased, the M transistor 2141 is
turned off and the voltage at the collector thereof becomes
more negative and approaches the value of the potential
source 2162. In that pulses transmitted from the central
office to the remote unit may be mutilated in transmis-
sion and therefore may be of irregular shape and dura-
tion when they arrive at the field unit, the timing of
the monostable circuit which comprises the PA transistor
2_137 and the M ftransistor 2141 during the scanning of
lines in the A group or the M transistor 2141 and the
PB transistor 2138 during the scanning of lines in the
B group must be independent of the wave shape of the
@n:coming pulses from the central office and therefore
mndependent of the operation of the PDA and PDB tran-
sistors 2131 and 2132. Isolation of the above-mentioned
mutually exclusive monostable circuits from the opera-
tion of the pulse detection amplifiers 2131 and 2132 is
accomplished by making the timing of these circuits de-
pendent upon the time required for recovery of the capaci-
tor 2160. When the M transistor 2141 is turned off,
_ﬂ%e collector thereof no longer draws current through the
diodes 2169 and 2173 and resistors 2170 and 2171i.
Under this condition, the current will flow through resistor
2171 and diode 2172 to hold the PA transistor 2137 in its
On state. When the pulse through the diode 2139 or di-
ode 2140, which occurred when the PA or PB transistor
was turned on, has terminated, the capacitor 2166 will
tend to charge to the potential level of the source 2157.
‘The capacitor 2160 will charge over a path which inchides
resistor 2158, resistor 2145, and resistor 2159 to ground
potential. 'When the capacitor 2160 has again reached its
negative charge, the M transistor 2141 will be turned on
due to the forward biasing of the base-to-emitter junction
thereof through diode 2142. The capacitor 2160 re-
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quires approximately 1,000 microseconds to charge
throueh the above enumerated path and thereby approxi-
mately 1,000 microseconds pass before the M transistor
is again turned on. The M transistor will again draw
current through diodes 2169 and 2173 and resistors 2170
and 2171 and the voltage at the collector thereof will be-
come less negative. This generates a positive pulse on
the conductor 2180 which advances the Counter 2541 by
one count. When the M transistor 2141 turns on and cur-
rent to the collector thereof is drawn through the above-
enumerated path, current will no longer flow through
the diode 2172 to sustain the PA transistor 2137 in its
On state; therefore, it restores to its Off state.

The R transistor 2147 and the attendant circuitry pro-
vides a means for detecting the absence of scanning
pulses from the central .office. As previously noted, the
two ends of the line concentrator system are synchronized
after each complete group of lines has been scanned and
after each service request is served. Synchromization
occurs when the central office halts the transmission of
scanning pulses to the field unit for a period of five
milliseconds. Whenever the PA or PB ftransistor Is
turned on, a pulse is transmitted through the A diode
2151 or the B diode 2152 to discharge the capacitor
2154. The R transistor 2147 is held in its Off state by
back-biasing the base-to-emitter junction thereof over a
path which includes the positive voltage source 2163,
resistor 2150, the base-to-emitter junction of transistor
2147, and positive potential source 2166. In the absence
of pulses through diodes 2151 and 2152, the capacitor
2154 will charge and the point at which diodes 2151 and
2152 and capacitor 2154 join will become substantially
more negative than the base of transistor 2147. The
diode 2148 is a reverse threshold diode which conducts
when the reverse voltage thereacross exceeds approxi-
mately 6 volts. When diode 2148 is conducting, the
base-to-emitter junction of transistor 2147 will become
forward-biased and the R transistor will become fully
conducting. Under these conditions, a positive pulse will
be applied to conductor 2161 and thereby to the reset
terminals of all stages of the Binary Counter 2501.

In summary, the PDA and PDB transistors 2131 and
2132 respond to pulses of opposite polarity which are
transmitted from the central office unit to the field unit
over the first control pair, conductors 2405 and 2406,
and in response thereto, trigger the monostable circuit
comprising the PA transistor 2137 and the M transistor
2141 or the monostable circuift comprising the PB tran-
sistor 2138 and the M transistor 2141. The M transistor
is normally in its On state and a negative pulse appears at
the collector thereof whenever the PA or PB transistor
is turned on.

The negative potential at the collector of the M tran-
sistor indirectly permits the PA or PB transistors 2137
or 2138 to stay on independent of the state of the PDA or
PDB transistors, respectively. When the M transistor
again turns on, a positive pulse is developed on con-
ductor 2180 and this pulse is employed to advance the
count of the Binary Counter 2501.

The R Transistor 2147 is normally in its Off state
as long as either the PA or PB transistor becomes active
within prescribed limits of time, approximately once
every two milliseconds. If the time between pulses ex-
ceeds this period, the R transistor 2147 will be turned
on and a reset pulse transmitted to all stages of the
Binary Counter 2501.

The Binary Counter 2501 is advanced in synchronism
with the Rinary Counter 302. Trunks are scanned for
release only at the central office unit; therefore, a line
scanner only is provided in the field unit. The Translator
2503 is a 2 bit binary to l-out-of-4 translator which, in
accordance with the states of the second and third stages
of the Binary Counter 2501, determines the subgroup of
lines being scanned and the Translator 2504 is a 3 bit
binary to 1-out-of-8 translator, which, in accordance with
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state of the scanned line.
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the states of stages 3 through 5 of the Bmary Counter
2501 determines the line switch horizontal in which the

scanned line appears.
“The Line Scanner 25902 is similar to the Line Scanner

310. The A0 through A3 and B¢ through B3 conductors
from the all-links-busy chain of FIG. 28 are inhibiting
leads which inhibit scanning whenever a link is not avail-
-able to serve the scanned line.

The output conductors
of Scanner 2502 define the group and subgroup and steer-

ing level in which the scanned line appears and the output
conductors of Translator 2504 determine the horizontal
leve] associated with the scanned line.

The output con-
ductors of the Scanner 2502 and of the Translator 2504

are applied to the field unit line scanning circuits of FIG.

22 to define the line being scanned.
The line scanning circuits of FI(G. 22 resemble the

central office unit line scanning circuits of FIG. 13; how-

ever, in that trunks are not scanned at the field wunit,
certain simplifications are effected. In FIG. 22, the line

scanning circuit for the SO subscriber 2123 is shown in
There is also shown i portion of the line switch
2204 and a portion of the Trunk Switch 2203. Specifi-

cally, there is shown that portion of the line switch 2204

which relates to the SO subscriber’s line 2223 and a link
connecting the line switch 2284 to the trunk switch 2293.
The scanning circuit for the SO subscriber’s line 2223

comprises the common point 2250, capacitor 2246, diode

2242, the voltage divider comprising resistors 2239
through 2141 and the connected voltage sources, capaci-
tor 2236, and the diode 2227. Common point 2231 at
the junction of diode 2227 and capacitor 2236 comprises

a common point at which all lines appearing in the third

horizontal of the field unit line switch are multiplied for
purposes of scanning.

The signals cn the A8Y through A13 conductors from
the Line Scanner 2582 are either halted or passed through
the diodes such as 2242 in accordance with the supervisory
If the subscriber’s station is in
the off-hook state and the line is not connected through
the line switch mand the trunk switch to the central office,
the pulse will be passed through the diode such as 2242;
however, if the subscriber station is in the on-kook state,
whether or not it is connected through the line switch
2204 and the trunk switch 2203, the pulse on the AGO
conductor will be inhibited from passing through the dicde
such as 2242. 1If the H2 conductor is energized when a
pulse passes through capacitor 2236 to the common point
2251, the diode such as 2227 will be forward-biased and
a positive pulse will be passed to the scanner output con-
ductor 2146.

While scanning is in progress, the AF1 transistor 21035
is in its On state and the AF transistor 21804 is in its
Off state. A positive scan pulse on conductor 2146 1s
effective to turn off the AF1 transistor 2105 and thereby
turn on the AF transistor 2104. When the AF transistor
is turned on, the voitage at the collector thereof becomes
nrore positive and a positive pulse is transmitted to the
simplex of the first control pair via conductor 2103. A
positive pulse transmitted via the simplex from the field
unit to the central office unit indicates a request for serv-
ice from the field unit.

Earlier in this discussion it was noted that a positive
freeze pulse is transmitted to the field unit whenever a
request to terminate a call to one of the subscribers served
by the line concentrating system occurs. In the field unit,
the pc:sﬂwe freeze pulse from the central office unit is
treated in the same manner that a field unit service request
is treated. The freeze signal from the central office unit
is received 'over the simplex circuit of the first control pair
and appears as a positive signal on conductor 2163. This
31gnal is coupled to the base of the AF1 transistor 2103
and is effective to turn off the AF1 transistor and thereby
turn on the AF1 transistor 2104. Energization of the
AF transistor 2104 serves to hold the M transistor 2141

1m its Off state, to holld the appropriate PA or PB transistor
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2138 or 2137, respectively, in the On state and thereby
hold the R transistor 2147 in the Off state.

'The field unit operates under the philosophy that all
actions within the field unit should be primarily under
the command of the central office unit. For example,

upon the occurrence of a request for service by one of
the subscribers served by the concentrating system, the

field unit will take steps to temporarily halt the scanning
of lines therein; however, the field unit, in the absence
of additional orders from the central office unit, will with-
draw control and will again become subserwent to fur-
ther orders from the central office. Under this philoso-

phy, it 1s impossible for the field unit to disable itself

for prolonged periods of time. In keeping with this
puilosophy, the circuitry comprising the AF1 transistor
2105 and the AF transistor 2104 is arranged to restore
within a period of 150 to 175 milliseconds. Once the AF1
transistor has returned to the On state and the AF tran-
sistor is returned to its Off state, the field unit is again
prepared to accept scanning pulses or other orders from
the ceniral office. In the normal course of events, once
a service request has been transmitted from a field unit
to the central office unit, the central oifice unit will trans-
mit additional control signals to freeze the operation at the
field unit until the required action has been completed.

FIGS. 32 and 33 are time diagrams of events which
occur at the central office unit and at the field unit n
the event of an originating request for service from one

of the subscribers served by the concentrator system. In

FIG. 32, at time T,, the Interval Timer 363 reaches the
end of its timing cycle and the Astable Circuit 301 changes
from the “1” to the “0” state. A “P” pulse appears at
the “O” output terminal of the Astable Circuit 3¢1 each
time the Astable Circuit changes from a “1” to a “0”
state. As seen in line 4 of FIG. 32, a counter advance
pulse is generated when the Astable Circuit 361 changes
from its “0” to its “1” state. There is thercfore a 1500
microsecond period between the initiation of the “P” pulse

and the imitiation of the counter advance pulse. A request

for service, either at the central office unit or at the field
unit, must be detected within this 1500 microsecond period
of time. In the 1500 microsecond period of time, the
“P*” pulse must be propagated from the central office unit
to the field unit; the field unit must respond thereto and
effect scanning of the appropriate line; and a service re-
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quest signal originating in the field unit must be returned to

the central office unit. It should be noted at this time that

requests for service originating in the field unit are trans-

mitted to the central office unit via the simplex circuit

of the first control cable pair comprising conductors 414

and 415. The velocity of propagation of a pulse along
a simplex path is greater than the velocity of propagation
along a full metallic fpaih Use of the simplex in return-
ing the requests for service, therefore, advantageously per-
mits either greater distance between the central office unit
and the field unit, or, alternatively, a higher rate of scan-
ning of subscribers’ lines and frunks.

In the example of FIG. 32, the A group of lines is
being scanned and the AND gate 419 is periodically
enabled under the influence of “P” pulses. In FIG, 32
at line 8 there are shown the pulses which appear on the
first control cable pair. Further, in FYG. 32 at line 9
there is shown a service request pulse as it arrives at the
central office unit from the field unit.

In FIG. 33, there are shown a series of A pulses as
they occur at the coil Zi80¢. In line 2 of FIG. 33, the
response of the A pulse detection transistor 2131 is noted.
Here it is seen that the PDA transistor 2131 turns from
the On state to the Off state in response to each A pulse.
In line 3 of FIG. 33 it is seen that the B pulse detection
transistor 2132 stays (n 1ts On state during the receipt
of the A pulses. At times when B pulses are being re-
ceived, the PDA transistor 2131 will stay in its On state
and the PDB transistor 2132 will follow the incoming

B pulses. Each time the PDA transistor 2131 transiers
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from its On to its Off state, the first monostable circuit
comprising the PA transistor 2137 and the M transistor
2341 will be keyed. That is, under the influence of out-
put pulses which occur at the collector of the PDA {ran-
sistor 2131, the PA transistor 2137 will be turned on

and the M transistor 2141 will be turned off. The mono-
stable circuit comprising the PA transistor 2137 and the

M transistor 2141 has a basic period of 13060 microsec-
onds. That is, the PA transistor 2137 stays on for 1060
microseconds and then remains off until the next incom-
ing pulse is applied thereto. The PB transistor 2138
stays in its Off state during the receipt of A pulses. In
line 7 of FIG. 33, it is seen that the R transistor 2147
was 1n its On state prior to receipt of the first A pulse
and immediately after the PA transistor 2137 turns to the
Cn state, the R transistor is de-energized.

The PA conductor 2167 is connected to the collector
of the PA transistor 2137 and positive pulses appear
therecon each time the PA transistor goes from its Off state
to its On state. In FIGS. 32 and 33, the three P and PA
pulses shown are associated with the scanning of lines
S8, S1 and S2. This sequence of scanning can be under-
stood by reference to FIG. 17. Those lines appearing
on the third horizontal of the line switch are scanned in
order; therefore, the lines are scanned as follows: lines
SO through S7 and then the lines in the following hori-
zontals are scanned.

By way of example in FIG. 32, it is assumed that line
S2 is found in the off-hook state and is not connected
through the field unit line and trunk switches to the cen-
tral office. Shortly after the PA pulse 1s generated, an
S pulse will occur at the field unit on conductor 2146
indicating a request for originating service. The AFI1
transistor 2105, in response thereto, is turned off and the
AT transistor 21¢4 is turned on. As previously noted,
the AF1 transistor, because of the circuit constants and
potentials associated therewith, is turned off for a period
of 150 to 175 milliseconds to give the central office unit
sufficient time to assume control of the field unit. Fur-
ther, the energization of the AF transistor generates a
service request signal to the central office as shown in
line 13 of FIG. 33. |

In FIG. 32, all actions are shown with respect to time
To, and in FIG. 33, all actions are shown with respect
to time T, plus the time of propagation from the central
office unit to the field unit. That is, due to the delays
incurred in transmitting a signal from the central office
unit to the field unit, all actions within the field unit fol-
low the actions in the central office unit by a fixed period
of time. A service request from the field unit in travel-
ing from the field unit to the central office unit experi-
ences a similar delay; however, in that the service request
is transmitted via the simplex circuit rather than the
metallic pair the return delay is shorter than the delay
from the central office unit to the field unit.

The relationship of the scanning pulse for line S2 and
the service request pulse in response to that scanning
pulse is shown in lines 8 and 9 of FIG. 32. The service
request must be received in the central office unit prior
to the fime the counter is incremented. As seen by
examination of lines 4 and 8 of FIG. 32, the counter is
mcremented 1500 microseconds after the scanning pulse
is transmitted to the field unit. Accordingly, the service
request must be returned within this 1500 microsecond
period. That is, the total of the time of propagation
from the central office to the field unit over the metallic
pair, the time of response of the various elements in the
field and the time of propagation on the simplex circuit
from the field unit to the central office unit must not ex-
ceed 1500 microseconds.

Terminating Service Request

As previously descrubed, a terminating service request,
that is, a request to terminate a call to a line served by
the line concentrator system, is detected by means of the
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Line Scanner .111 of FIG 1. Theﬂ detaﬂs -of . the L1ne

rthrough 109 are shown in FIGS 3, 4 and 13 The pr1n-
ciples. involved in prowdung the . necessary conneetlons
upon. the: occurrence, of .a terminating. service .request can
best be illustrated by way..of an, examPle ‘wherein -one. of .
the telephone central office line  circuits-, such «as.. 140

through 143 :is enabled. ;
For example assume,. that a subscriber, whose. .station .,

circuitry is not, shown, served. by.the- telephone central

101 to the SO subscriber. 217, -

5

L)

10
office .101has placed.a call through ;the. telephone. office .
In response .to :such a call,:.

the telephone, line circuit 14¢ is energized.and, the line .,

scanning .circuit. 106..0of FIG. :1 is set..to .a state,which .
indicates that service is being requested and.a connection. .

.15;1

through the line and trunk switches.of .the line,concen-.,
trator central office. unit, has. not. been, completed.. . As |

previously explaln,ed systematic -scanning . of, subsembers

lines .proceeds. at the: central office unit until. such. time . .

as a request, for service,. either. terminating, originating, .

20,

or release .is indicated... When the telephone. office .sub-...
scriber’s line circuit 140 1s enabled in response .to a tet-, .

minating request .for, service, .ground. potential, will be
placed. on the sleeve. conductor, 1301-of . FIG. -13: -

to the time that the. Htelephone__.,eet_ttral office.. subserlb.erf-st 3

. Prior....

line circuit, 140 is energized, a potential of approximately.:..
—50:volts appears on the: sleeve conductor 1301:0f FIG. !

135 -

tive scanning pulses from common point 1324-t0 common. .

This negative potential .is sufficient to:. back-bias.. .
diode -1341-and thereby inhibit the: transmission.of posis.:

30

point 1345. - When a request. for. terminating . service ' is ...
indicated each time . the A0¢-conductor 314 is: enabled H
under the control. of the: Llne Scanner 310,:2a pos:ltlve ‘il
pulse will - be transmatted from common, po;tnt 1324 ;

1345. . Eight, line circuits, in this . example 'the line. cir=.. .

outts Sl} S8, SIG S24; S32,

540, 848 and. 556 are. con-=...

neeted to common pomt 1324 Common point 1324 there-. .

fore will be enabled etght tunes in; eaeh scannlng oycle

That IS

[ J- ' r

‘40.

only dunng the tune that SO subserlber s, llne 217 18 belng
scanned Wﬂl ‘both, the 'AQ0. conductor 314 and the H2;:

conduotor 1363 be slmultaneously energized. ;

2223 in FIG. 22, is belng scanned. all stages. of the Binary...
Counter 302, .will be in the “0” state and, the . AB flip-flop. .

601 wﬂl be in the A state.

With all stages of the Binary ..

Counter 302.in- the “07-. state, the: followmg condlmons y

obtam

(1) The ALO output eonduetor of Translator.306;will -
be, enabled;

(2) The TGO output. eonduetor of Translator 307 :Wlll
be. enabled

(3) The GO .output conductor of Translator, 308 will be: .
enabled and.

(4) The H2 output conductor of the Translator 309 will. -
be. enabled

Under these conditions, upon the oecur:enee of a P

pulse on eonduotor 315, the AGO eonductor 314 of rthe )

Line Scanner 310 wﬂl be enabled and 1f as 1nd1oated
in ﬂ‘lIS example there ex1sts a termlnatung request tfor
service to the. SO subsertber 2223 the posmve pulse on

20

i)

55_

the. A00 eonductor 314 wﬂl be transmltted through ea—- 65

IIIIII

------

aetlon ﬂtp ﬁop 404 W111 be set to its . “1" state It should
be .noted that a positive. pulse is reqtured to set, the ﬂ:tp-

ﬂop 404, therefore, the diode 403 Wlll be back-blased at, .
this ttme Setting. of the SA ﬂ1p—flop 404 ~as, desgrlbed

IIIIIII

4?.-

70.

-

through. oapaoltor 1333-and diode 1344 to.common point. 897,

When the SO subscriber’s line 217;- which is Jabeled. 45

Q ,

18 ;

through both. the central. office. unit and. the_ field - unit -

between jﬁhe central office ltne cn'eutt 140 and the. S(} sub-— ..
scriber’s station 2223.. . |

The -effect of settlng of the.SA flip-flop. 404 can best .
be understood by the following statements of results; .

(1) Upon -enablement. of the. “1” output conductor
431, OR. gate 409 .will be. enabled and the Astable Cir-
eu1t 301 will be held in 1ts “0” or reset state. ’

(2): Upon enablement of the “1” output eonductor of -
the: fhp-ﬂop 404, OR gate 424 will be enabled and the
release aehon ﬂ1p-—ﬂop 405 -will be held in its reset or “0”..
stafe. .

(3). When the SA flip-flop 404 .is set to its “1” state, .
a positive freeze pulse will be. transnutted through. diode-, -
402, - capacitor. 406, .and the. simplex of the first eontrol__-
pair. to the: field unit. Aottons within the.field unit will
be:described later.

(4) . When _the: SA flip-flop 404 is in its “17- state,
the. 0. output conductor 428 will be de-energtzed and the
inhibiting . potential thereon will -be removed from the
bases of the A and B transistors 801 and 802. Since the__ |
AB flip-flop 601.is in .its A state, the A conductor 610 is
energized. at. this. time and.the A {ransistor 801 will be-,,_,
come. active. . The B transistor 802 will remain passwe )
The . above. actions. temporarily- halt the scanning of -
subscribers’ lines at both.the central ”l_ee._unu,t_and the.
field unit and scanning of the trunks _at the. central office |
unit.. Steps.iust next be taken to.establish the appro-
priate connections. through both the central office line

_and._trunk switches and. through.the field unit line and. ;:_

trunk : switches. . The establishment = of connections
through the. central office line and trunk switches will first
be. described .and later the connections through the field.
unit. line. and trunk switches will be described. :
In:the .central office unit, -a connection, must ;be_u estab- ..
lished through the line . switch 118 between. the. central ;
office. line . circuit 140.of the.called subscriber . and the .
first idle link. serving: the subgroup in which.the called. :
subscriber’s .equipment. resides. . In- the present example,
the. called. subscriber SO is in. the: GO subgroup of sub-
scribers’ lines .and.is served by links 1G@ through. 5G@...

A connection between: the SO subscriber’s line .and the. .
first idle trunk in group A. is prepared by energizing. .
line .switch select magnets in accordance. with the. setting

of the zero, third, fourth, and fifth stages.of the Binary

Counter 302.: The. line. switch hold. magnet which .is -
operated to. complete the paths. prepared by operation
of the above-noted select magnets is determined by means |
of the setting of the second and third stages of the Binary

‘Counter 302 which define the subscriber’s line-subgroup .

in: which- the called line resides and by the. approprtate. |
chain to hold. magnet contacts shown in FIG. 11.. In .
the present- example, the S@ subscriber’s line . is. bemg
called and all stages of the Binary Counter 302.are in
their “0” state.  Under these conditions, none of the LSA. -
through LSD transistors 1601. ﬂhrough 1604.are activated °
when the BX. conductor 504.is energized and the. asso-
ciated LSA through LSD relays 1605 through 1608 are
théreby not energized.  The LSA through LSD- relays
1605 through 1608.prepare operatmg paths for the line”
switch select magnets shown in FIG. 15.” In connecting
a line to a link tl'n'ough a central office line swueh it is "
necessary to energize both a steenng level select magnet .
and a subscriber’s level select magnet. For example; to

-eonneet the SO subscrlber s line to an available link, both

the SO or. first ‘steering level seleet magnet 1502 and the
S2 first subscriber’s level select magnet” 1504 are ‘enter-
gized.  As’ will be explatned later, the LSG" eonduotor |
1609 ‘will' be connected to ground 'potential and this

s ground signal is transnlr.ttted through the LSD.relay break

contact 1610 to thé winding of the SO select magnet 1502
to the negattve potenttal source 1501.- It should be noted"'i

that the S0 select magnet 1506-in the B subsenber S hne;__r,:
sw:ttoh is also operated at this time; however as Wlll be
‘:seen later, only a hold magnet in the A smtch thl be ener-.
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gized to effect a connection through the switch. " The
operating path for the S2 select magnet 1504 is from the

1.SG conductor 1699 through break contacts 1611, 1612,

and 1613 and the select magnet winding 1504 to the nega-
tive potential source 1501.

"The GO through G3 transistors 1201 through 1204
are under joint control of the HG conductor 1614, the

BX conductor 504, and the GO0 through G3 conductors

from the Translator 368. The BX conductor 504, which,

as previously described, is an enabling lead to the LSA
through LSD transistors, is similarly an enabling lead
for the GO through G3 transistors 1261 through 1204.

10

The GO through G3 transistors 1201 through 1204, how-

ever, are held in their passive state by a signal on the HG

conductor 1614 until such time as the appropriate ones

of the LSA through LSD relays 1665 through 1668 have

operated to remove the inhibiting potential from the HG
conductor 1614 over paths which include the LSA

through LSD relay break contacts 1616 through 1619,
Whon a counter stage such as the first stage is in its “1”

state, a significant potential will exist on the “01” con-.

ductor 1615 and this potential is connected to the HG
conductor 1614 until such time as the LSA relay 1608
has operated. A similar situation obtains with respect to
the “1” conductors of the fourth, fifth, and sixth stages
as these are connected through break contacts 1616
through 1618, respectively.

After the necessary LSA through LSD relays have op-
erated, the inhibiting potential is removed from the HG |

conductor 1614 and the appropriate one of the GO
through G3 transistors 12061 through 1204 becomes ac-
tive. In the present example, the called subscriber’s line
S0 resides in the G¢ subgroup of the A group of lines and
the GO output conductor of the Translator 308 remains
energized when the scanning of lines is halted. Activa-
tion of the GO fransistor 1201 effects operation of the
GO rolay 1205. The operating paths for the hold mag-
nets in the first or GO subgroup of subscribers’ lines in
both the A and B groups include make contacts of the
GO relay 1205. Sumlarly, operating paths for the hold
magnets of the links serving the G1 subgroup of lines
for both the ‘A and B groups include make contacts of
the G1 relay 1208.
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The particular hold magnet within a subgroup which

is to be operated is determined from the hold magnet
No attempt is made

contact chains shown in FIG. 11.
to allot traffic between the various links within a sub-
group but rather the lowest numbered idle link is always
employed. FEach of the hold magnets has an auxiliary
contact ‘which is closed when the link is in use. The
auxiliary contacts of hold magnets within a subscriber
subgroup are connected in series as shown in FIG. 11.
‘The operating path for the line switch select magnets
is from- ground through one of the make contacts 1209
through 1212 of the G relays 1205 through 1268; through
the SM conductor 512, the make contact 507 of the A
relay, in the case of a line in the A group or the make

4b

b0

gil7

contact 518, in the case of a line in the B group, the nor-
mally mado contact 701 of the CK1 relay 7062, resistor

703; LSG conductor 1609, the appropriate contacts of

60

the LSA through LSD relays 1605 through 1608, and -

the appropriate select magnet windings to the negative
potential source 1501. It is seen, therefore, that the op-
eration of the line switch select magnets is under control
of the subgroup relays 1205 through 1268, the A or B
group relays 502 and 503, and the LSA through LSD
relays 1605 through 1608.

65

As previously noted, the first avallablo transmission _'
trunk from the central ofﬁco to the remote concentrator

is always employed. The first available trunk is deter-

mined by means of the trunk relay contact chains shown
in FIG. 9. There are as many trunk relays such as 901

70

through 910 as there are transmission trunks connecting .

the central office to the remote concentrator. Whenever
a trunk is busy, the associated trunk relay, such as 901
through 910, is operated.

15

20

In FIG. 13, there are shown the details of a connection
between the contral office line circuit for subscriber S0
and the third A group trunk to the remote concentrator. -
The sleeve conductor 1370 is connected through break

“contact 927 to the coil of the relay 903. When the trunk

A3 is seized, the sleeve conductor will be energized and -
the associated trunk relay 903 will be operated and it
will lock operated through its make contact 928. The
third A trunk was chosen in the example as it is assumed
that the first and -second A trunks were busy and the
associated trunk relays 901 and 902 were operated. Un-
der these conditions, the make contacts 911 and 923
of the TKA1 relay 981 and the make contacts 912 and
924 of the TKA2 relay 902 were closed and the break
contacts 915, 916, 919, and 920 were opened. At.the
time the trunk to be omplojrod is determined; the C re-
lay 432 is normal and a path is complete from negative
battery through the break contact 433 of the C relay 432,
conductor 434, the make contact 509 of the A relay 502,
conductor 520, and the operated contacts 911, 612, 923,
and 924 to the appropriate 1dont1ﬁcat1or1 relay windings
in FIG. 14.

In the case of the example, negative battery is ex-
tended through make contacts 911 and 912 and break con-
tact 917 to the winding of the ID1 relay 1401 and
through make contacts 923 and 924 and break contact
921 to the winding of the ID5 relay 1405. In that the
trunk relay 903 for trunk A3 will be operated as soon as
the connection is established through the line and trunk
switches, a holding path must be provided for the ID1
through ID8 identification relays 1401 through 1468.
The hold path includes the negative potential source 521,
make contact 506 on the A relay 502, the HID conduc-
tor 522, and the make contacts of the operated ID1

through ID8 relays, which, in this example, are the ID1

relay 1401 and the IDS5 relay 1405. The contacts of
the ID1 through TID8 relays 1401 through 1408 serve to
determine the trunk switch select magnets which are to be
operated to effect a connection between the called line
and the first idle trunk to the remote concentrator. The
operating path for the trunk switch select magnets is in
part in common with the line switch select magnet operat-
ing path. Common to the two select magnet operating
paths are the make contacts 1209 through 1212, the SM

conductor 512, the make contacts 507 of A rolay 502 or

make contacts 518 of B relay 503, and the break contact
701 of CK1 relay 702. At this point, the line switch
select magnet path goes through resistor 703 and the
trunk switch select magnet path goes through resistor 704.
The remainder of the trunk switch select magnet operat-
ing path is conductor 705 and the operated contacts of
the ID1 through ID8 relays 1401 through 1408 through
the chosen trunk switch select magnets to the negative
potential source 1510. In the example in which trunk
A3 is to be employed, the ID1 relay 1401 and the IDS5
relay 1405 are operated. Under these conditions, the
TSG conductor 522 is connected through make contact
1001 of the ID1 relay 1401 and make contact 1002 of
the IDS relay 1405 over the TSM3 lead to the S3 selected
magnet. ‘which is not shown in FIG. 15 to the negative
potential source 1510. There is also another trunk
switch select magnet operating path extending from
conductor 522 through make contact 1004 and make
contact 1003 near the TSM0 lead to the winding of the S0
steering level select magnet 1511 to the negative poten-
tial source 1510. Operation of the first steering select
magnet 1511 and the third horizontal select magnet,
which is not shown, defines the selection of trunk A3.
The connection of the trunks through the trunk switch
can be seen in FIG. 18.

For example, the A3 trunk can be extended through
one of the make contacts 1801 through 1804, associated

.with the 83 select magnet 18¢5 and one of the make

contacts 1806 through 1809, associated with the SO steer-
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ing magnet 1818 to the appropriate one of the links ex-
tending the transmission path from the line switch to the
trunk switch.

For example, the called line S§ lies in subgroup &;
therefore, one of the links 1G0 through 5G® will be em-
ployed The appropriate link within a subgroup fo be
used is determined from the hold magnet contact chains
shown in FIG. 11. When a link is busy, its associated
hold magnet will be operated. - The hold magnets auxi-
liary contacts, such, as 1150 through 1154, are con-
nected in a chain which serves to operate one of the LK@
through LK4 link relays 1101 through 110S5. For ex-
ample, if the first link of the GO subgroup of the A
group is busy, the contact 1156 will be closed and the
contact 1160 will be open. Similarly, if the second link
of the same group is busy, contact 1181 will be closed
and contact 1161 will be open. The operating potential
for the LKO through LK4 link relays 11¢1 through 1103
is derived from the source 1512 in FIG. 15. The operat-
ing path for the link relays includes make contacts of
both the trunk switch and line switch select magnets,
conductor 1513, one of the make contacts 1213 through
1215 of the subgroup relays 1205 through 1208, and spe-
cifically in this instance, make contact 1213 of the G re-
lay 1265, one of the GO through G3 conduetors 1217
through 1228, one of the A relay make contacts 513
through 516, and the appropriate one of the conductors
A@ through A3. In the example, the G0 conductor 1217
is extended through make contact 516, the A0 conduc-
tor 523, to the mndmg of the link relay associated with
the ﬁrst idle link in subgroup GO. Assuming that the
first link 1G9 is idle, the negative potential on conductor
523 will be connected throunh the break contact 1169 to
the winding of the LK@ relay 1101 and thence to ground.
Operation of the LK@ relay 1101 opens contact 11&36,
thereby removing ground potential from the windings of
link relays 1102 through 1105, thereby preventing
inadvertent operation of additional link relays. 'The
make contacts of the operated one of the LK® through
1L K4 relays and the make contacts of the operated one
of the GO through G3 relays 1205 through 1208 define
the line switch and trunk switch hold magnets associated
with the first idle link in the subgroup in which the called
line resides. In our example, the LK® relay 1181 iS Op-
erated and the G0 relay 1205 is operated. The hold mag-
net operating path includes the negative potential source
435, the make contact 436 of the TR1 relay 437 which
operated in response fo a service request as Jater de-
scribed, the make contact 508 of the A relay 3502, the
HA conductor 524, the make contact 1187 of the LK
relay 1181, the make contact 1221 of the GO relay 1285,
and the hold magnets 1323 of the trunk switch and 1312
of the line switch. In FIG. 13, only the hold magnets
associated with the first link of subgroup GO are shown.
It must be remembered that there are twenty line switch
hold magnets such as 1712 through 1715 shown in FIG.
17 and twenty trunk switch hold magnets such as 1812
through 1815 shown in FIG. 18. That is, there is one
line switch hold magnet and one trunk smteh hold mag-
net for each link between the line and trunk switches.

After the hold magnets have been operated, the con-
nections shown in FIG. 13 are completed. That is, the
tip and ring conductors 1303 and 1302 from the cen-
tral office line circuit are connected through the horizon-

tal contacts 1319 and 1308, and through the steering

contacts 1311 and 1309 of the line switch’ 13904, and
through the steering contacts 1328 and 1318 and ‘the hori-
zontal contacts 1321 and 1319 of the trunk switch 1322.

The tip and ring conductors 1303 and 1362 from the
central office line circuit are thereby connected to the tip
and ring, respectively, of trunk A3. "The sleeve or
supervisory lead 1301 for the subscriber’s line S@ i1s con-
nected through line switch contacts 1366 and 1307 and
through trunk switch contacts 1316 and 1317 to the con-
ductor 11370. The potential at scan point 1369 deter-
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mines the state of the trunk.  That is, durlng ‘the "time
the central office line circuit is in the busy COIldlthIl the S

conduetor 1301 will be at approxrmately ground poten—-
tial.  When the'line circuit-at the central office is idle,
the potent1a1 at the S-conductor 1301 will be approx1~
mately negative 50 volts. - Accordingly, by connecting
the S conductor 1301 throu gh the line and trunk swifches
to the scan point 1369, it is poSsrble to detect when ‘the
central office line equipment is released and thereby an

 indication is obtained that the trunk may ‘be - released.

The aetlon of the central ofﬁce Ime equlpment 1s the
That is, during the time a termmatmg or orrgmatmg' 'c':'all
exists, the sleeve eonduetor 1301 will be at ground Po-
tential and - after either type-of call has been comipleted,
the sleeve conductor will revert to apprommately nega-
tive 50 volts.

The hold magnets such as Y312 and 1323 Tock up over:
the path which includes resistor 11313 and make con-

tact 1305 of hold magnet 1312  to' the negative poten-
tial source.

- 'When' the erosspomts elose, a 51gtal -of approxrmate-
ly —25 volts is extended ‘over the trunk sleeve conductor
1370 to operate the trunk relay 903. Operation of relay
903 opens its operatmg path via break contact 927 and
closes a hold path over make contact 928 to the negatrve
potential source 931. Aeeordmgly, after thls eonneetron
has been established and scanmng of lines agam proceeds
the next request for service will ‘be served by a trunk
elrcmt other than trunk" A3

In addition to providing an" -operating souree for the
relay 903, the negative 25-volt potent1a1 serves to back
bias diode 1341 and thereby inhibit the- generatron of a
request for service signal during the time a connection is

established through the network.
Operation of the trunk’relay 903 exténds a negative

potential over the TSA3 lead 929 to a chain of contacts of
the operated ones of the 1dent1ﬁeatlon relays 1401 through
1408.  As previously noted, in this example in which
trunk A3 is employed, the ID1 relay 1401 and the IDS5
relay ‘1405 are operated 'As seen 'in FIG. 10, the TSA3
conductor 929 is extended through the make eontaet 1085
of the ID5 relay 1405 and the fake contact 1006 of the
ID1 relay 1401 to the check lead 1409. By this process,
the equipment verifies that the trunk relay associated with
the chosen trunk is in fact the one operated. Energiza-
tion of the check lead 1409 serves to operate the check
relay 706 over a path which includes the break contact
806 of the RL relay 804, the secondary winding of the

. check relay 706, resistor 707, diode 708, conductor 709,

make contact 438 of the TR1 relay 437 to ground poten-
tial. Closure of the make contact 7190 of the CK relay
706 closes the -operating path for the winding of the
CK1 relay 702. As previously explained, the Operating
paths for both the line switch-select magnets and the
trunk switch select magnets inclide the break contact
701 of the CK1 relay'7062. Accordingly, oncé the control
circuit has verified' that the “appropriate trunk relay’ has
been operated, the select magnets of both the liné and
trunk switch are reledsed. -
During the time the central -office- whit is establishing
the appropriate ‘connections: through' the line and trunk
smtches the ﬁeld unit is srmllarly proceeding to c¢onnect
the subscriber’s | ‘station to the’ trunk Wthh has been
ehosen by the central lof*ﬁee umt As was prevrously

aaaaa

its *“1” state a freeze pulse was sent via the SIIIIPIBX. of the
first control pair comprising conductors 414 and- 415 to
the field unit. This sigral over the - sunplex served - to
temporarllyH halt scanning action “in - the remote field
unit.. Before the field unit can establish the required con-
neetlons through its line and trunk switches. it must ob-
tain- the identity of the trunk which is"to be employed

. from the central office unit.
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Communication, for purposes of control, between the
central office unit and the remote concentrator unit is ac-

complished over the first and second control pairs compris- -

ing conductors 414, 415, 440, and 441. During the scan-
ning cycle, the line terminals 416 and 417 of the coil 401
are connected via the make contacts 410 and 411 of the TR
relay 418, first control pair conductors 414 and 415, break
contacts 2401 and 2404 of the auxiliary relay 240%, and
conductors 2405 and 2406 to the line terminals of the
coil 2101. Tt is by way of this path that freeze signals,
upon detection of a request for service in the central
office, are transmitted to the remote unit and, similarly,
requests for service from the field unit are transmitted to
the central office unit.  In both directions of transmission,
the simplex of the pair is employed. The above-men-
tioned simplex path includes make contacts of the TR
relay 418. The TR relay 418, during scanning, is held
operated over parallel paths which include the T2 and R2
conductors 440 and 441 of the second control pair, the
negative potential source 442, and the windings of the A
and B relays 1901 and 1992 in the field units. Resistor
443, which is common to the two parallel paths, is ad-
justed so that the total current is sufficient to operate the
TR relay 418 but insufficient to operate the A and B relays
1901 and 1902. The negative potential source 442, ad-
justable resistor 443, the winding of the TR relay 418,
and resistor 444 join the two parallel paths at the junction
of diodes 445 and 446. The path which includes the T2
conductor comprises diode 445, break contact 865 of the
RL relay 804, break contact 439 of the TR1 relay 437,
the T2 conductor 440, the break contact 241¢ of the Ci
relay 2419, diode 2411, conductor 2412, and the winding
of the A relay 1901 to ground potential. The path which
includes the R2 conductor 441 comprises diode 446,
break contact 447 of the TR1 relay 437, the R2 conductor
441, the break contfact 2001 of the C1 relay 2419, diode
2002, the break contact 2003 of the relay 24892, and the
winding of the B relay 1902 to ground potential.

During the scanning cycle, the control relays are in
the following states:

[

Central office unit

Field unit

TR relay 418 operated.
TR1 relay 437 not operated.
C relay 432 not operated.

R L1 relay 501 not operated.
A relay 502 not operated.

B relay 503 not operated.
RL relay 804 not operated.
C X relay 706 not operated.
C K1 relay 702 not operated.

A relay 1901 not operated.

B relay 1902 not operated.

RL relay 1903 not operated.
Auxiliary relay 2409 not operated.

C1 relay 2419 not operated.
(2 relay 2413 not operated.
RL1 relay 2004 not operated,
CK relay 2005 not operated.

When the A relay 502 is the central office unit operated
in response to the change in state of the SA flip-flop 404
a connection was established from the negative potential
source 525 through make contact 510 of the ‘A relay 502,
the break contact 805 of the RL relay 804, the break
contact 439 of the TR1 relay 437 to the T2 conductor
440 of the second control pair to the remote field unit.
This direct negative potential (as opposed to a negative
potential connected through resistors 443 and 444 and
the winding of the TR relay 418) provides sufficient cur-
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rent over the T2 conductor to effect operation of the -

A relay 1901. It should be noted at this time that when
a request for service relating to a line in the B group of
lines appears at the central office, the direct negative
potential is transmitted from the central office unit to
the field unit over the R2 conductor 441, and under these
conditions the B relay 1902 operates. Operation of either
the A relay 1901 or the B relay 1902 provides an operat-
ing path for the auxiliary relay 2469 from the negative
potential source 2301 through the make contact 2302 or
the make contact 2383, diode 2414, and the winding of the
auxiliary relay 2409 to the positive potential source 2415.
Operation of the auxiliary relay 2409 transfers the T1 and
R1 conductors 414 and 415 of the first control pair from

the line terminals 2405 and 2406 of the coil 21900 to the

70
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windings of particular ones of the identification relays
shown in FIG. 31. The T1’ conductor 2426 is connected
through the diodes 318% and 3110 to the windings of the
ID1 and IDZ relays 3161 and 31§2, respectively. The
R1’ conductor 2427 is connected through diodes 3111 and
3112 to the windings of the ID3 and ID4 relays 3183 and
3184, respectively. After one of the ID1 through ID4
Identification relays 3101 through 3184 has operated as
later described, an operating path for the C1 relay 2419
will be provided.

The T2 and R2 conductors 440 and 441 are similarly
employed to transmit trunk identification information
from the central office unit to the field unit. The T2 con-
ductor 440 1s connected through make contact 2416 of
the C1 relay 2419 and the break contact 2417 of the C2
relay 2413 to the T2’ conductor which is connected to
the oppositely poled diodes 3113 and 3114. The R2 con-
ductor 441 is connected through make contact 2418 of
the C1 relay 2419 and break contact 2425 of the C2 relay
2413 to the R2’ conductor which is connected to the op-
positely poled diodes 3115 and 3116. As will be seen
later with respect to the arrangements at the central
office unit, the identity of the trunk chosen at the central
office unit will be transmitted from the central office to
the remote concentrator over the first and second con-
trol pairs in a modified two-out-of-eight code. The eight
possible codes comprise plus or negative potentials applied
to each of the four conductors T%, R1, T2, and R2. In
the coding scheme employed, one of the first control pair
conductors, that is, T1 or R1, is always used, and the most,
one of the second control pair conductors T2 or R2 is
used. Accordingly, in all instances, one of the second
control pair conductors is idle and is available for an-
other purpose. A spare one of the two conductors of the
second control pair is employed to transmit an indication
from the field unit to the central office unit that it has
completed its set-up cycle or, in the case of a release, its
release cycle.

Before proceeding to a detailed discussion of the ar-
rangements whereby a check signal is transmitted to the
central office, it will now be shown how the coding of
the control conductors, in accordance with the designa-
tion of the chosen trunk, is accomplished at the central
office.

When the A relay 502 or the B relay 503 operates in
response to a service request, the negative potential source
525 i1s connected through the make contact 518 or the
make contact 526, respectively, to back bias the diode
445 or the diode 446. Although one of the parallel paths
which provides the operate current for the TR relay 418
1s thus disabled there is still sufficient current through the
remaining parallel path to sustain operation of the TR
relay. When the A relay 502 is operated the diode 445
is back biased and the TR relay 418 is held operated
through diode 446, the R2 conductor 441, the break con-
tact 2001 of the C1 relay 2419, diode 2002, the break
contact 2003, and the winding of the B relay 1962 to
ground potential. In this instance the TR relay 418 does
not release until the auxiliary relay 2409 operates in the
field and thereby opens contact 2603.

When the B relay 503 is operated the diode 446 is
back biased and in this instance the TR relay 418 is held
operated over a path which includes diodes 445, the T2
conductor 4490, the break contact 241¢ of the CI relay
24193, diode 2411, the break contact 2438 of the auxiliary
relay 2409, and the winding of the A relay 1941 to ground
potential. The TR relay 418, therefore, does not release
in this instance until after the auxiliary relay 2409 oper-
ates and thereby opens contact 2439.

Release -of the TR relay 418 is intentionally delayed
until atfer the auxiliary relay 2409 has operated in the
field, This insures that the coil 2109 has been removed
from the first contirol pair and that it is safe for the
central office unit to send the appropriate potentials to the
field unit to operate the desired ones of the ID1 through
the ID8 identification relays 3101 through 3108. Release
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of the TR relay closes an operating path for the TRI1

relay which includes ground potential, the break contact
457 of the TR relay 418, the TR1 relay 437, the HID
conductor 522, and the make contact 506 in the case of

operation of the A relay 502 or the make contact 527

in the case of operation of the B relay 503. - Release of

the TR relay connects the T1 and R1 conductors 414 and
415 through the break contacts 412 and 413 to chains.

of contacts of the ID1 through 1D4 relays 1401 through .
1404, Similarly, operation of the TR1 relay connects the:
T2 and R2 conductors 440 and 441 through the make

10

contacts 448 and 449 to chains of contacts of .the ID3 -

through ID8 relays 14845 through 1408.

In the example in which the ID1 and IDS5 relays 1401..

and 1405 are operated, megative potential will be con-
nected through the make contact 14¢1 to the T1 con-

15

ductor, and negative potential will be connected through .

the make contact 1411 to the T2 conductor. The T1’

conductor 2426 at the remote unit corresponds to the T1 -

conductor at the central office unit and the T2’ conductor
2428 corresponds to the T2 conductor. Negative poten-
tial on the T1 " conductor is ¢
relay 3101 which corresponds to the ID1 relay 1401 at
the central office unit and negative potential on the T2’
conductor is effective to operate the IDS relay 3165 which

20

Tective to operate the ID1 .

29

is the counterpart of the IDS5 relay 1465 at the central

office unit. The coding signals on the first and second

control pairs are therefore effective to operate, at the -

remote unit identification relays having similar numbers .

ice unit.

to those operated in the central o

It is assumed that the central office unit and the remote

unit are operating without fault and that the Binary

30 .

Counter 2501 has accurately responded to the control

pulses from the central office unit.
ditions the Binary Counter 25¢1 will freeze In the same
state that the Binary Counter 3§2 was in at the time the
request for service was indicated. In the example, a
terminating request for service to the SO subscriber was
indicated. Accordingly, all stages of the Binary Counter
2501 will be in the “0” state and the G{@ conductor of the

Translator 2563 and the H2 output conductor of the

Translator 2584 will both be enabled.
The A relay 1981 which, as previously described, oper-

- Under these con-.

40 .M

ated in response to a negative potential signal from the |

central office on the T2 conductor 449 is temporarily held

operated by the circuit which includes the capacitor 2629,

the resistor 2030, and the potentials connected thereto.

That is, the capacitor 2029 acquires a negative charge

which serves to hold the A or B relays 1941 or 102 oper-
ated until such time as one of the first four identifica-
tion relays 3161 through 3104 operates.

45

When one of -
the first four identification relays 31¢1 thrcugh 3104 .

operates. potential source 3117 is connected to the C1 .

conductor 3119. The negative peotential on conductor
3119 serves to operate the C1 relay 2419 and over a path

including diode 2031 serves to sustain the operation of |

the previously operated A or B relays 1901 or 1982. The

charge on capacitor 2829 serves to hold the A or B relay

operated between the time the TRI relay 437 operates

but before one of the first four i1dentification relays 3161

60 .

through 3104 has operated. The identity of the line to
which the connection is to be-established is determined -

from the information. available in the remote unit and

once the identity of the trunk which is to provide the trans-
mission facilitates between the central office unit and

the field unit has been determined, the appropriate con-

nections may be established through the line and .trunk
switches 2204 and 2203, respectively.
LSD transistors 3801 through 3084 operate in accord-

ance with the setting of the 0, 3, 4, and 5 stages of the
Binary Counter 2581. The LSA through LSD relays 30605 -
through 3008 operate in response to enablement of their

associated transistors. The contact chains which include
the contacts of the LSA through L.SD relays 3885 through
3068 determine the line switch select magnets which are

The 1LSA through .
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to-be operated. In the case of a call to the SO subscriber,
the 1.SA throuch LSD relays 3095 through 3608 will all
be unoperated-and a path will be completed from the LSB
conductor 29261 through the break contact 3009 of the

LSD .relay 3088 to operate the S@ select magnet 2018,

and a second path will be completed from the LSB con-
ductor- 2901 through the break contacts 3610, 3011, and
3012 to-operate the S2 select magnet 2611.

Similarly numbered select magnets in the -A and . B
line switches. 2601: and 2602 will operate under the in-
fluence of the above control paths which include the con-
tacts of the LSA through 1.SD relays 3605 through 3068.
However, as in the case of the central office unit, it will:

‘be seen later that-a hold magnet in the A switch will

operate in the case of a connection to one of the A group
of lines and a hold magnet in the B switch will operate in
the case of a connection to one of the B group of lines.
In the example in which a call is placed to the SO sub-
scriber’s line, the SO steering level select magnet 2610 -
and .the S2: horizontal select magnet 2611 operate in

parallel over the prevmusly enumerated paths through the
contacts of the LSA through LSD relays. These parallel
paths join conductor 2801 and the operating path for the
select magnets is completed over a path which includes

the'make contact 2962 of the ID1 relay 3161, the SB con-
ductor 2903, the make contact 2006, and the break con-

tact 2007 of the RL1 relay 2084 to the positive potential
source 2008.

The a.pproprlate trunk switch select magnets will oper-
ate in; accordance with the settings of the ID1 through
1D8 identification relays 3161 through 3188. In the ex-
ample, the A3 transmission trunk is to be employed; there-
fore, the S@.select magnet 2612 and the S3 select magnet
not shown in FIG. 26 must be operated The operating .

path -for the SO select magnet is from the negative
potential - source 2614 through the S@ magnet 2612,

the  TSM-0 conductor 2615, the make contact 2904 -
of the ID1 -relay 3101, the make contact 2965 of -
the ID5 relay 3105,  the SB - conductor 2903, the
ake. contact 2006. of the C2 relay 2413, the break
contact 2687 of the RL1 relay 2084 to the positive po-
tential source 2008. . The operating path for the S3 select
magnet, which is not shown in FIG. 26, includes the path
from the positive potential source 2808 and the SB con--

ductor- 2963, and- at this point the operating path from -

the S3 select magnet deviates from the operating path for .
the SQ select magnet. The remainder of the path for -
the S3 magnet is the make contact 2906 of the 1D1 relay
3101, the make . contact 2908 of the. ID5 relay 3105, the

_TSM—: conductor 2997 the “Wmdmcr of the S3 select-

magnet to the negative potential source- 2615. Again,
stmilarly numbered. select magnets in both the A and B -
trunk . switches operate in. response to the above numer-
ated paths. . However, as -in- all. other instances, the de-

‘sired - connection is effected by operating a hold magnet

on .a mutually exclusive basis in one or the other of the
two. trunk. switches. After the line- and trunk switch .
select magnets have been operated, it is then possible to
operate. the required line and trunk switch hold-magnet.
As in the central office unit, there are twenty hold mag-

nets associated with each of the A and B line switches.
The hold magnets for only one link are shown in the
drawing of the remote unit. These hold magnets 2212
and 2213 are shown in FIG. 22 of the drawing. As In

the case of the central office unit, the lowest numbered
idle link is always employed.

The link to be employed is determined from the hold
magnet contact chain shown in FIG. 28 which is similar
to the hold magnet contact chain previously described and
shown in FIG. 11. .

After the full complement of select magnets in the line -
switch and trunk switch have.operated, one of the four
subgroup #ransistors 27061 through 2704 will be. ener-
pized.. That.is, after a steering select magnet and a hori- .
zontal select magnet have been operated in both the line
switch and the trunk switch, a path will be completed
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from the negative potential source 2616 through the select
magnet contacts to the conductor 2618. A negative
potential on conductor 2618, in cooperation with sig-
nificant potentials on the G§ through G3 conductors, will

enable one of the four transistors 2701 throngh 2744
- and attendant thereto one of the G@ through G3 relays
2706 through 2709 will operate. In the example, the
- SO subscriber’s line lies in subscribers’ subgroup G& of
the A group of lines. Accordingly, the G§{ cutput con-
‘ductor of the Translator 2593 wiil bear a potential which,
in-cooperation with the negative potential on conductor
2618, will energize transistors 2761 and thereby operate
relay 27¢6. The potentials on the G1 through G3 out-

put conductors of the Translator 25803 will be such that

the transistors 2782 through 2704 will not be energized.
Operation of the G® relay 2706 prepares an operating
path for the hold magnets 2212 and 2213.  As in the case

10

of the example at the central office unit, only the hold |

magnets for the first link of the G@ subgroup are shown.

Closure of the make contact 2710 prepares the operating
path for the hold magnets 2212 and 2213.

20

The complete operating path for the hold magnets 2212

and 2213 is from the negative potential source, the wind-
ing of the hold magnet 2213, the winding of the hold
‘magnet 2212, the HMA9 conductor 2711, make contact
2710 of the GO relay 2706, the make contact 28086 of the
LXK® relay 2801, the HA conductor 2807, the make con-
tact 1994 of the A relay 1961, the break contact 2487
of the RL1 relay 2884 to the positive potential source
2008. The LK@ relay 2801 operated after the GO relay
2766 operated and its operation completed the above
enumerated path for the hold magnets 2212 and 2213.
The operating path for the LK®& relay 2801 is from the

20

30

positive potential source 2888, the winding of the LK{

relay 2801, the break contact 2889 of the hold magnet
off-normal contacts, the A0 conductor 2818, the make
contact 1905 of the A relay 1901, the G0 conductor 1906,

the make contacts 2711 and 2712 of the GO relay 2706 to

the negative potential source 2705.

The operating path for the LK® relay 28061 is broken
when the hold magnet off-normal contact 2809 is opened.
The LKO relay 280X, however, is held operated over a
path which includes conductor 2812 and the make con-
tact 2712 of the GO relay 2706. Operation of the LX9
- relay 2881 opens the break contact 2815 and thereby pre-

40
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vents operation of another one of the LK1 through LK4

relays 2802 through 28¢5.

Operation of the hold magnets 2212 and 2213 comi-
pletes the transmission path from the S0 subscriber 2223
to the tip and ring of the third transmission trunk in the
A group of trunks. Once the transmission path is es-
tablished, steps may be taken to release the select mag-
nets and to place the control circuitry in a condition to
search for further requests for service. Before an opera-
tion complete signal 1s transmitted from the remote unit
to the centiral office, checks are made to assure that the
proper hold magnets have operated and that the proper
transmission trunk has been employved. At this point in

time, the control relays in the field unit are in the follow-
ing states:

A relay 1981 operated

B relay 1902 not operated
RL relay 1903 not operated
Auxiliary relay 24909 operated
C1i relay 2419 operated
C2relay 2413 operated
RL1 relay 2004 not operated
CK relay 28035 not operated -

The C1 and C2 relays operated when the proper com-
plement of identification relays 3181 through 3108 was

o0

60

65

70

operated. That is, when the ID1 relay 3101 operated, a

path was closed from the negative potential source 3117
through the make contact 3118 of the ID1 relay 31061 to

the C1 conductor 3119, diode 2002, and the winding of

75

‘aid each other.
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the C1 relay 2419 to the positive potential source 2420.
The C2 relay operated over a path from the negative po-
tential source 2421, resistor 2422, the winding of the C2
relay, the make contact 2423 of the C1 relay 2419, the
C2 conductor 2424, the make contact 3128 of the 1ID5
relay 3195, the make contact 3118 of the ID1 relay 3101,
and the negative potential source 3117. The block con-
ductor 3121 is energized in the event of certain types of
trouble in the field unit and energization thereof serves
to inhibit operation of the C2 relay 2413. For example, if
both the A and B relays 1961 and 1902 become inad-
vertently operated, a path is provided from the negative
potential source 2301 through the make contact 2304,
the make contact 23905, conductor 2386, to the junction of

resistor 2422, and the winding of the C2 relay 2413. A -

negative potential from source 2301 applied to this point -
inhibits operation of the C2 relay as the source 2301
and the source 2421, from which operating potential for -
the C2 relay normally originates, are at the same voltage
level, Similarly, if certain improper sets of identifica-
tion relays 3101 through 3108 become operated, opera-
tion of the C2 relay 2413 will be inhibited. For example,
if the ID5S and either the ID7 or IDS8 relays become
simultaneously energized, the block conductor 3121 will
be connected to the negative potential source 3122. Also,
if the ID6 relay and either the ID7 or ID8 relays be-
come simultaneously energized, a path will also be pro-
vided from the negative potential source 3122 to the -
block conductor 3121. Similarly, if one of the first two
identification relays and one of the second two identifica-
tion relays become simultaneously operated, along with
the operation of any one of the last four identification
relays, a path will be provided from the negative po-
tential source 3117 to the block conductor 3121. As-
suming that a proper combination of ideutification relays
is operated, both the C1 and C2 relays will be operated
at the time the hold magnets 2212 and 2213 are energized.

In the process of establishing the identity of the trans-
mission trunk to be employed, a signal was transmitted
to the field over the tip conductor 449 of the second con-
trol pair. An operation complete signal is transmitted
from the field unit to the central office unit over the re-
maining conductor of the second control pair, in this in-
stance over the ring conducior 441. The R2Z conductor
441 is energized over the following path; the make con-
tact 2418 of the C1 relay 2419, the make contact 2010,
the R’2 conductor 2011, the make contact 3123 of the
ID5 relay 3105, the SK conductor 3124, the make con-
tact 2012 of the CK relay 2005, resistor 2813, and the
negative potential source 2014. The CK or check relay
2005 has primary and secondary windings which tend to
Energization of either the primary or
secondary winding alone is insufficient to operate the CK
relay 2005. The secondary winding of the CK relay is
operated over a path from the negative potential source
2301, to the positive potential source 215, and includes
the make contact 2392 of the A relay 1901, the secondary
winding of the CK relay 2005, diode 2818, resistor 2017,
and the make contact 2016 of the C2 relay 2413. The
primary winding of the CK relay is energized over a path
from the negative potential source 2019 to the operating
potential for the hold magnet 2222 and includes resistor
2820, break contact 2021 of the R1L1 relay 2004, conductor
2622, make contact 2023, the CK conductor 2026, the
make contact 3125 of the ID1 relay 3101, the make con-
tact 3126 of the ID5 relay 3105, the TSA3 conductor
3127, make contacts 2206 and 2287 of the trunk switch
2203. As previously described, the hold magnet 2212
was energized from the positive potential source 2008.
The positive potential source 2088 is applied to the hold
magnet 2212 only through relay contacts and not through
any resistive elements. The positive potential applied to
the TSA3Z conductor 3127 is therefore greater than the
potential from the potential source 2258 applied through

resistor 2251, Accordingly, unless the crosspoints 2206
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and 2287 are closed, the potential applied through resistor
2251 is insufficient to permit operation of the CK relay
2005. From the above, it is seen that the primary wind-
ing of the CK relay 2005 is employed to assure that the
desired connections have been established through the

network as evidenced by operation of appropriate ones
of the identification relays ID1 through ID8 and the ap-

o |

propriate hold magnet.. Operation of the CK relay. 2003 -

completes the previously enumerated path which pro-
vides the operation complete signal over the ring con-
ductor 441 of the second control pair.

10

The operation complete signal on conductor 441 passes

through the make contact 449 of the TR1 relay 437,
the make contact 1412 of the ID5 relay 1405, the SK
conductor 1413, the make contact 711 of the CK1 relay
702, conductor 426 to the 20 millisecond delay circuit

15

422. TEnablement of the 20 millisecond delay circuit 422 .
serves to reset-the SA flip-flop 464 to its “0” state and

thereby initiates steps to return the control circuit at both
the field and the central office unit to the scanning opera-
tion.

20
Fowever, before the 20 millisecond delay circuit
422 can be enabled, a check is made in the central office.

which is similar to the .check conducted at the remote .

unit.. This check process employs the CK relay 706,
which, like its counterpart in the field, has a primary and
secondary winding. These windings are connected to op-

25

pose each other. The secondary winding of the CK relay

706 is energized over a path-from the TSA3 conductor
929 through the make contact 10805 of the IDS relay
1405, .the. make contact.- 1006 of the ID1 relay 1401, the

CK conductor 1469, the break contact 8066 of the RL

30

relay 804, conductor 807, the secondary winding of the

check relay 7¢6, resistor 707, diode 768, conductor 709,
and the make.contact 438 of the TR1 relay 437 to ground
potential. Accordingly, operation of the -appropriate

3D

trunk relay shown in FIG. 9 will provide an operating -

signal for the secondary winding of the CK relay 706.
The C relay 432 1s employed to assure that a proper com-
bination of identification relays is operated at the central

office unit and contacts of the C relay are employed to

complete an enabling path for the primary winding of the
CK relay 706. The C relay 432 operates from ground

40

potential via the C conductor 450, the make contact 1414

of the IDS5 relay 1405, the make contact 14135 of the 1ID1
relay-1401; and the negative potential source 1416. The

operating path for the primary winding of the CK relay

706 -is from ground potential through the make contact

45

438 of the TR1 relay 437, conductor 769, diode 712, the

break contact 808 of the RL relay 804, the primary wind-

ing of the CK relay 706, conductor 869, resistor 810,
break contact 811 of the RL relay 884, conductor 812,

make contact 451 of the C relay 432, and the negative
potential source 458.

The operation of the CK relay 706 in turn operates
the CK1 relay 702 through the closure of contact 718.
The operation of the CK1 relay 702 effects release of
the operated select magnets by the: opening of contact
701. The CK1 relay locks through a holding path in-
cluding its own contact 718 and contact 460 of the TR
relay 418. The release of the select magnets releases the

operated one of the ILKO through ILK4 relays 1101

through 1105 which was held operated over a path which
includes conductor 1513 and the operated off-normal
contacts of the select magnets to the potential source 1512.

Accordingly, a verification in the field that the desired
trunk has been connected and a verification in the field
and central = of
trunk has been employed is sufiicient to provide a path
for enabling the 20 millisecond delay circuit 422 with a

signal from the field which indicates that the setup pro--

cedure-has been completed.
Enablement of the 20 millisecond. delay circuit resets
the SA flip-fiop 404 to its “0” state and thereby . initiates

a sequence to restore both: the .cenfral office unit and. the-

ice unit to. assure that the appropriate-

50
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field unit to the scanning sequence.. Enablement of the
20 millisecond delay circuit 422 also serves-to-hold the
release action flip-flop 405 in its “0” state.

When the SA flip-flop is reset, its “0” output conductor .

428 is energized and this is effective to turn off the op-

erated one of the A or B transistors 801 and 802 In-
the subject example, the A transistor §01 will go passive
and .attendant thereto the A relay. 502 will release. The .
A relay in releasing (1) removes the enabling potential -
from the LSA through LSD transistors 1601 through 1604
which then become passive and thereby release their as-
sociated. relays 1695 through.1608; (2) removes the en-
abling potential from the 60 through 63 capacitors 1201 .
through 1204 which become passive and effect release
of the operated relay after group 1205 through 1208; (3) |
releases. the TR1 relay 437 to.prepare the operating path
for the TR relay 418; (4) opens. the holding path of the .
identification relays 1401 through 1408 which release and -
in turn release the C relay 432 and the CK relay 706. .
‘The CK1 relay 702 remains operated under control of .
the TR relay 418 until the field unit is ready to- receive -
scanning pulses from the central office.. The release of.the
trunk -identity relays. 1401 through..1408. removes the
operating potentials for the trunk. identity relays 3101..
through 3198 in the field unit.- Release. of the field iden-.
tification relays effects release of the previously operated .
A or B relays 1901 or 1902.and the auxiliary relay 2409. -
Release of .the identification - relays also effects release
of the select magnets .in the field . unit and this. in. turn

opens the enabling path for the GO transistor 2701 and

attendant thereto. the hold path of the GO relay. 2705. -
Release of the GO relay 2706 opens contact 2712 and -
thereby opens the operating path for the LKO relay 2801.
Release.of the LXO relay 2801 opens -contact 2816 thereof
and thereby breaks the path between the potential source -
2817 and the €1 relay 2419.  The (C1 relay-1s thereby -
released and in turn the holding.path for the C2 relay -
2413 is broken. When the the C1 relay releases, the first
control pair-is reconnected to the coil 2108 and the paral-.

1el operating paths for the TR relay 418 to the windings

of the A and B relays - 1901-and 1902 are re-established. -
Release of the iCl relay 2412 in the field unit signals
completion of the required actions in the field unit and -
the operation of the TR relay 418 - in the central office -
unit opens a holding path for the CK1 relay 702 which :
now releases,

When the CK1 relay releases, the break contact 713::
closes and thereby raises the potential on conductor 714 -
away from the level of the potential source 715. . This .
change in signal applied through capacitor 716 serves
to enable the Pulse Stretcher 305 and attendant therefo
the Interval Timer 330. . The Interval Timer 330, in co-
operation with the Pulse. Stretcher 305, will serve -to.-hold.
the Astable Circuit 301 in its set state and to hold: the .
stages of the:  Counter 302 in -their reset. state for -ap--
proximately 100 milliseconds. . If should be noted that
the output signal on the “1” conductor 312 of the Astable -
Circuit 301 is ineffective to advance the Counter 302 as -
all stages are. being held in their reset state... This 100 -
millisecond timing interval provides sufficient time for the -
central office and field unit relays .and transient voltages-
within the system to restore to the state: necessary for -
scanning of lines,

Release Request

As previously described, the scanning of trunks to de-
tect a request for release of the trunk proceeds. in an -
ordered fashion at the cenfral office unit concurrently
with the scanning of lines to detect requests .for service.
As previously -indicated, the line which is scanned is.
determined by the states of the six stages of the Binary .
Counter 302 and of the AB flip-flop 6¢1. The identity
of the trunk- which is to-be scanned at any given instant
is determined by the setting of the first five stages of: the .
Binary Counter 302.- In that only twenty trunks are
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employed, only twenty of the possible thirty-two states
of the first five stages of Counter 302 are employed.
Further, since the first five stages of the Counter 362
pass through their complete natural cycle four times dur-
ing the period that the 128 lines in the A and B group
are scanned, each trunk is therefore scanned four times
during the peried in which each line is scanned once.
A request for release is indicated when the calling party
hangs up in both an originating and terminating cail. In
either event, the line equipment in the central office such

10

as 140 through 143 will be released and a significant

negative potential will appear on the sleeve conductor
such as 1301, With a significant negative potential on
the sleeve conductor 1301 and a path completed through
the line and trunk switch crosspoints 13€6, 1307, 1316,
and 1317, the direct current potential on the A3 con-
ductor during scanning will be such that a pulse will ap-
pear on the release request conductor 313.

‘The Trunk Scanner 311 accepts the steady state input

signals on the TGO through TG4 conductors, the GO
through G4 conductors, and the Al through A4, Bl
through B4, and AB1 through AB12 conductors. In
addition, the P pulse occurs on the input conductor 315.
One conductor from each of the groups TG through TG4
and GO through G4 is simultancously energized to define
one of the twenty trunks. If a trunk is requesting release,
a D.-C. potential will exist on the appropriate one of
the conductors Al through A4, B1 through B4, or AB1
through AB12.
last enumerated conductors at the time the trunk asso-
ciated therewith is scanned, a pulse will appear on the
RT conductor 313 coincident in time with the P pulse
on conductor 31S.

‘The signal on conductor 313 sets the release action
flip-flop 405 to its “1” state and thereby initiates actions
within both the central office unit and the remote concen-
frator unit to release the transmission path between the
concentrator subscriber and his associated central office
line equipment. When the release action flip-flop 405
is set to its “1” state, a signal is transmitted through OR
gate 425 to hold the service action flip-flop 4@4 in its
reset state and over conductor 43¢ through OR gate 409
to hold the Astable Circuit 301 in its reset state. Further,
when the release action flip-flop 485 is set to its “1”
state, the signal on conductor 430 serves to energize the
RL relay 864. In response thereto, make contact 813
closes a path from ground potential to operate the RL1
relay 501. The RL1 relay 501 is auxiliary to the RL relay
804 and merely serves to provide an appropriate number
of contacts for the release action. By the above steps,
the Astable Circuit 361 is held in its “0” state; therefore,
the incrementing of the Counter 302 is halted. Similar-
ly, the incrementing of the Field Unit Counter 2501 is
halted. In the process of releasing the desired transmis-
sion trunk, signals must be transmitted from the central
office to the remote unit to identify the trunk in question.
Accordingly, the same ones of the identification relays
1401 through 1468 that were operated during the setup
of the transmission connection must now be operated to
effect release. As previously noted with respect to the
establishment of a connection through the switching net-
work, the TR relay 418 is held operated during scanning
over a pair of paths, one of which includes the diode 445
and the break contact 8§05 of the RL relay 804. When
the RL relay 804 operates, contact 805 opens and thereby
opens one of the parailel holding paths for the TR relay
418. The TR relay 418, however, remains operated
over a path which includes the diode 446 and the wind-
ing of the B relay 1902. The TR relay will not release
until the auxiliary relay 2409 is operated.

Closure of the make contact 528 of the RL1 relay 561
places the negative potential 517 on the BX conductor
S504. This serves to energize the LSA through LSD tran-
sistors 1601 through 1604 in accordance with the setting

of the 0, 3, 4, and 5 stages of the counter 302. Attend-

ant thereto, the associated ones of the LSA through LSD

If a request signal exists on one of the
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relays 1605 through 1608 operate. Selective operation
of the LSA. through LSD relays provides a path between
the R$ through R3 conductors and the windings of the
ID1 through ID8 relays 1481 through 1463, In the ex-

‘ample in which subscriber’s line S¢ is connected to the

third transmission trunk of the A group, the IDI and
1D5 identification relays 1401 and 1485 must operate on
release of the trunk as they were operated during the
establishment of the connection. Operation of the ID1
and ID5 relays 1481 and 1405 requires that the paths
be established from the R8 conductor 529 through diode
1628 to the YD1 conductor 1621 and through diode 1626,
the break contact 1622 of the LSA relay 1605, the break
contact 1623 of the LSB relay 1606, and the make con-
tact 1624 of the 1.SD relay 1688, to the IDS conductor
1625. Operating potential for the identification relays
1401 and 1405 is derived over the path which includes
the make contact 530 of the RL1 relay 501, the G con-
ductor 1217, the make contact 1213 of the ¥ relay 1265,
the GB conductor 1222, the make contact 519 of the RL
relay 5801, and the break contact 455 of the C relay 432
to the negative potential source 458. The above enumer-
ated path through the contacts of the G0 relay was com-
pleted after the appropriate ones of the LSA through LSD
relays 1685 through 1698 were operated to remove the
inhibiting potential from the conductor 1614. Affer the
inhibiting potential is removed from conductor 1614, the
transistors G6@ through G3 are enabled in accordance with
the setting of the second and third stages of the Binary
Counter 302.

In the example, the GO transistor 1281 becomes active.
Accordingly, two of the eight identification relays 1401
through 1448 are closed in accordance with the setting
of the Binary Counter 3602.

The operation of the identification relays completes a -
path from the negative potential scurce 1416 through the
make contact 1415 of the ID1 relay 1401 and the make
contact 1414 of the IDS relay 1405 to the C conductor
450. A negative potential on conductor 45¢ serves to
operate the C relay 432. The C relay as seen above op-
erates in response to the operation of a plausible num-
ber of identification relays.

Once the appropriate identification relays have been
operated in the central office unit as indicated by opera-
tion of the C relay 432, a signal is transmitted from
the central office unit to the field unit over the tip con-
ductor 44¢ of the second control pair. The tip conductor
is energized over a path from a positive potential source
454, make contact 456 of the C relay 432, make contact

- 814 of the RL relay 804, the break contact 439 of the

TR relay 437, to the tip conductor 440. A positive
potential on the conductor 440 indicates to the field unit
that a release action is required. The trunk relay in the
ceniral office and the hold magnets associated therewith
are released by means of a shunting action. Before
proceeding to describe the path employed in the release
of the trunk relay and the hold magnets, it should be
noted that when the TR relay 418 released, the TR1
relay operated over a path which included ground, the
break contact 457 of the TR relay 418, the winding of
the TR1 relay 437, conductor 522, the make contact 531
gfz 1tha RLT relay 801, to the negative potential source

The shunting path for releasing the hold magnets com-
prises a source of ground potential, make contact 438
of the TR1 relay 437, diode 712, the make contact 815
of the RL relay 804, the primary winding of the CK
relay 7@6, the make contact 816 of the RL relay 804,
the CK conductor 1499, the make contact 1006 of the
1D1 relay 1481, the make contact 1005 of the ID5 relay
1405, and the TSA3 conductor 929. Ground potential
on the TSA3 conductor 929 shunts down the holding cur-
rent for the TKA3 relay 963 effecting its release and
thereby closes the above enumerated path from ground
through the break contact 927 to conductor 1376. Prior
to. release of the trunk, the conductor 1370 is connected
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through the trunk switch crosspoints 1316 and 1317 and
the diode 1314 to the winding of the line switch hold
magnet 1312. With ground potential on both sides of
the line switch hold magnet 1312, the hold magnet re-
leases, opening its auxiliary contact 1383 and thereby
breaks the holding path for the trunk switch hold mag-
net 1323. The desired release action at the central office
unit is now complete; however, before scanning for
further release requests and requests for service can be
resumed, the release action must be completed in the
field unit and a signal signifying completion must
be transmitted from the field unit to the central of-
fice unit. The action in the central office and field
units is checked by means in the CK relay 706, and when
the RL relay 884 is operated, currents through the primary
and secondary windings of the CK relay 7¢6 provide op-
posing magnetic fields and the CK relay does not operate.
The secondary winding of the CK relay is energized over
a path from ground potential, the make contact 438 of
the TR1 relay 437, the diode 788, resistor 707, the sec-
ondary winding of the CK relay 766, conductor 807,
make contact 803, of the RL relay 884, the make con-
‘tact 451 of the C relay 432, and the negative potential
source 458. The primary winding is energized over a
path from ground potential, the make contact 438, con-
ductor 769, diode 712, make contact 815 of the RL relay
804, conductor 889, the primary winding of the CK relay
706, make contact 816 of the RL relay 884, the check
conductor 1409, the make contacts 1006 and 18¢5 of the
ID1 and ID3 identification relays, respectively, the TSA3
conductor 928, the held contact 928 of the TKASJ relay
943, resistor 939, and negative potential source 931.
After the winding of the TKA3 relay has been shunted
down and the contact 928 has released and subsequent
thereto the trunk switch crosspoints 1316 and 1317 have
released, the flow of current through the primary winding
of the CK relay 706 will be halted. Accordingly, the
CK relay, under the influence of the field provided by the
secondary winding, will operate. As explained with re-
spect to the establishment of a connection, operation of
the CK relay operates the CK1 auxiliary relay. The ac-
tion in central office unit is halted at this time awaiting
a response from the field unit indicating that the field
unit has completed its operation. This response is brought
back to the central office unit over the remaining one
of the two conductors of the second control pair as was
the case in the establishment of a connection. When the
signal is received from the field unit, the central office:
unit will proceed in the same manner as is described with
respect to the establishment of a connection; that is, the
remainder of the central office equipment is released and
a recycling is effected to prepare for further scanning of
lines and trunks. During the recycling period in the
central office, pulses will not be transmitted to the con-
ductors of the first cable pair and it is this absence of
pulses which is employed in the field unit to efiect re-
cycling of the Counter 2501.

The positive signal on the tip conductor 449 of the
second control pair effects operation of the RL relay
1903 over a path which includes the T2 conductor 449,
the break contact 2418 of the C1 relay 2419, the diode
2024, break contact 2025 of the auxiliary relay 2449,
through the winding of the RL relay 19¢3, to ground
potential. The RL relay 1983 locks through its make
contact 19207 around the break contact 2025 of the
auxiliary relay 2489,
2004 operates in response to closure of the make contact
1998 of the RL relay 1993. Closure of the make contact
2027 of the RL1 relay 2824 completes a path from the
negative potential source 1969 through the make contact

1918 to operate the auxiliary relay 2469. As in the case -

of the establishment of a connection, operation of the
auxiliary relay 2409 transfers the first control pair com-
prising conductors 414 and 415 from the winding of the
line coil 2181 to the windings of the ID1i through IDS

The RL1 auxiliary release relay
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identification relays 3101 through 3108. As was the case
in the establishment of a call, the signals on the first
and second control pairs are such that the appropriate
identification relays operate in the field unit. In the
example, the ID1 and IDS identification relays 3101 and
3165 will operate. When the appropriate identification
relays have operated, the C1 and C2 relays will operate
over paths previously described with respect to the es-
tablishment of a connection. Operation of the C2 relay
provides a path from the negative potential 2019 through
the primary winding of the CK relay 2005, the make con-
tact 2028 of the RL1 relay 2004, conductor 2022, the
make contact 2023 of the C2 relay 2413, the CK con-
ductor 2026, the make contact 3125 of the 1D1 relay
3101, and the make contact 3126 of the 1DS relay 3105,
the TSA3 conductor 3127, resistor 2251, to the positive
potential source 2256. The current through this path is
limited by the resistor 2251, The negative potential
applied through the trunk switch sleeve contacts 2206
and 2267, however, is sufficient to shunt down the current
in the windings of the trunk switch and line switch hold
magnets 2212 and 2213, respectively.

When the shunting potential is applied to the hold
magnets 2212 through 2213 through the above enumerated
path, sufficient current flows to eilect operation of the
CK relay 2005. The operation of the CK relay 20685
signifies that a shunting potential has been applied to the
desired hold magnets. Operation of the CK relay 2005
completes a path from the negative potential source 2814
to the SK conductor 3124 and then through the make con-
tact 3123 of the ID5 identification relay 3105, the R'2
conductor 2811, the make contact 2610 of the C2 relay
2413, the make contact 2418 of the C1 relay 2419, to
the R2 conductor 441. This signal on the R2 conductor
441 signifies to the central office unit that the release
process has been completed in the remote unit and in
response thereto the central office unit now undertakes
the 100 millisecond post operation timing procedure and
releases the control apparatus in preparation for continued
scanning and detection of requests for service and requests
for release. |

Originating Request for Service

As previously explained with respect to the scanning of
lines at the remote unit upon detection of a request for
service, a positive pulse will be transmitted from the
remote unit to the central office unit via the simplex
of the first control pair. The request for service pulse
serves to operate the service action flip-flop 404 in the
central office unit over a path which includes the diode
403. Detection of a request for originating service tem-
porarily freezes the Counter 2501 in the field unit, and
shortly thereafter, the central office unit assumes control
of the remote unit in the same manner described with
respect to the establishment of a connection after a
terminating request for service. After the central office
unit has assumed control of the remote unit, the choice
of a transmission trunk and links proceeds in the manner
previously described and actions at both the central ofiice
unit and the remote unit continue until after the desired
transmission path has been established.

It is to be understood that the above-described arrange-
ments are but illustrative of the principles of the inven-
tion. Numerous other arrangements may be devised by
those skilled in the art without departing from the spirit
and scope of the invention. -

"What is claimed 1s:

1. In a telephone switching system including a central
office having a plurality of subscriber line circuits, the
combination comprising a central office concentrating
unit; a remote concentrating unit; first and second plu-
ralities of subscriber stations served by and connected
to said remote concentrating unit; a source of scanning
pulses in said central office unit; first, second, and third
pluralities of transmission trunks, together fewer in
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number tnan both of said first and second pluralities of
subscriber stations interconnecting said central office unit
and said remote unit; said first plurality of transmission
trunks being connected through said remote unit only
fo said first plurality of subscriber stations, said second
plurality of transmission trunks being connected through
said remote unit only to said second plurality of sub-
scriber stations, said third plurality of transmission trunks
being connected through said remote unit to both of
said first and second plurality of subscriber stations; means

interconnecting said central office unit and certain of said |

subscriber line circuits; scanning means responsive to
said scanning pulses for simultaneously determining the

10

supervisory states of said certain subscriber line circuits

and first, second, and third pluralities of transmission
trunks to said remote unit; and means included in said
scanning means for cyclically scanning said first, second,
and third pluralities of transmission frunks a plurality of
times for each scanning cycle of said certain subscriber
line circuits.

2. The combination of claim 1 further comprising first
and second palrs of control conductors interconnecting
said central office unit and said remote unit, means for
transmitting said scanning pulses to said remote unit over
one of said pairs of control conductors, scanning means
in said remotfe unit responsive to said scanning pulses
for determining the superviscry states of said stations
connected to said remote concenirating unit, and means
responsive to a service request of one of said stations
for temporarily halting further scanning in said remote
unit and for fransmitting a request for service signal
to said central office unit.

3. The combination of claim 2 wherein said request
for servme i1s transmitted from said remote unit to said
central office unit via the simplex path of one of said
control pairs.

4. The combination claimed in claim 1 wherein said
central office unit and said remote unit each further
comprise line and trunk corcssbar switches and intercon-
necting transmission links for selectively and individually
connecting said certain subscriber line circuits and said
transmssion trunks and for connecting said transmission
trunks and said subscriber stations.

5. The combination claimed in claim 2 further com-
pr151ng control means 1n said central office unit respon-
sive to a signal from said scanning means in sald central
office unit indicating a request for service from one of
said certain line circuits to terminate a call to one of said
subscriber stations, said control means including means
for temporarily halting the generation of said scanning
pulses and means for transmitting an indication over one
of said pairs of control conductors from said central office
unit to said remote unit that one of said subscriber sta-
tions is being called, means in said central office unit
for assigning one of said franmission trunks between said
central office unit and said remote unit to said ter-
ninating call to said one of said subscriber stations, means
tor establishing @& connection between said one of said
certain line circuits and said assigned transmission trunk,
means for transmitting indicia representative of the iden-
tity of said assigned trunk from said central office unit
to said remote unit over said pairs of control conductors,
and means in said remote unit responsive to said identifica-

ek

tion indicia for establishing a connection between said

assigned trunk and said called subscriber station.

6. The combination claimed in claim 5 further com-
prising means in said remote unit for checking that said
connection established through said remote unit is in fact
to said assigned trunk, and means in said remote unit for
transmitting an operation complete signal from said re-
mote unit to said central office vnit indicating that the
desired interconnection has been established.

7. The combination of claim 6 further comprising means
in said central office unit for checking toc assure that the
connection established through said central office unit
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1s 1n fact a connection between said one of said certain
Iine circuits and said assigned trunk, and means in said
central office unit responsive to a signal from said check-
ing means in said ceatral office unit and to said operation
complete signal from said remote unit for recycling said
central office unit in preparation for further scanning of
Iines and trunks.

8. A line concentrating system comprising a plurah:.y of
subscriber stations, a field concentrator unit in which
said stations terminate, a central office concentrator unit,
a plurality of transmission trunks fewer in number than
satd plurality of subscriber stations interconnecting said
field unit and said central office unit, a telephone central
orice having a plurality of subscriber line circuits equal
in number to and individually associated with said sub-
scriber stations, transmission and supervisory paths inter-
connecting said central office subscriber line circuits and
said central office concentrator unit, a pulse source located
in said central office unit, scanning means in said central
oifice unit responsive to said puise source for simultane-
ously scanning said line circuits and said {runks to detect
requests for service and requests for disconnect, means
in said central office unit for transmitting pulses from
said source to said field unit, means in said field unit
responsive to pulses from said central office unit for
scaniming said subscriber stations to detect a request for
originating service, means responsive to said last-named
means for temporarily halting the scanning of lines in
sald field unit and for transmitting a request for service
signal from said field unit to said central office unit, and
means including means for transmitting pulses of either
polarity from said central office unit to said field unit for
synchronizing said central office unit scanning means and
said field unit scanning means.

9. A line concentrating system in accordance with
claim 8 further comprising means in said central office
unit responsive to said request for service signal for dis-
abling said pulse source and for transmitting control sig-
nals to said field unit whereby said field unit is placed
under the control of said central office unit for purposes
of establishing a desired connection beiween said sub-
scriber’s station requesting service and a particular one
of said transmission trunks.

10. A line concenirating system in accordance Wlth
claim 9 further comprising means in said central office
unit responsive to a request for service signal from said
central office scanning means or from said field unit scan-
ning means for establishing a transmission path through
said central office unit and said field unit between a sub-
scriber station and its associated subscriber line circuit.

11. A line concentrating system in accordance with
claim 10 further comprising means responsive to a re-
quest for disconnect signal from said scanning means in
sald central office unit for disabling said pulse source,
for seizing conirol of said field unit and for controlling
the release of switching means in said central office unit
and said field unit connected to said trunk from which
sald request for disconnect signal originated.

12. The combination of claim 10 further comprising
counting means wherein an indication is maintained of
the identities of the line and trunk being scanned at any
particular time.

13. A line concentrator system comprising a plurality
of subscribers’ stations arranged in first and second
groups of stations, a field concentrator unit in which
sald stations terminate, a central office concentrating unit,
a plurality of transmission trunks fewer in number than
said plurality of subscriber stations interconnecting said
field unit and said central office unit, a telephone central
office having a plurality of subscriber line circuits equal
1 number to and individually associated with said sub-
scriber stations, means interconnecting said central of-
fice subscriber line circuits and said central office con-
centrating unit, a pulse source located in said central
office unit, a scanning means in said central office unit
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responsive to pulses from said source for scanning said
subscriber line circuits, bistable means in said central
office unit for conditioning said first or second group of
subscriber lines in preparation for scanning thereof,
counting means in said central office unit for defining the
line to be scanned within the conditioned group, means
in said central office unit for transmitting pulses of a
first polarity to said field unit when lines of said first
group are to be scanned and for transmitting pulses of a
second polarity from said central office unit to said field
unit when said lines of said second group are to be
scanned, and means in said field unit responsive fo said

first and second polarities of pulses for selectively scan-

ning said subscriber stations to detect requests for origi-
nating service.

14. The combination defined in claim 13 wherein said
last-named means includes counting means responsive to
said first and second polarities of pulses for defining the
subscriber’s station to be scanned and means for scanning
said stations,

15. The combination defined in claim 14 further com-
prising recycling means in said central office unit con-
trolled by said counting means in said central office unit
for temporarily disabling said pulse source and resetting
said counting means at said office unit to an initial con-
dition.

16. The combination defined in claim 15 further com-
prising recycling means in said remote unit operative in
the absence of said first and second pluralities of pulses

10
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from said office unit for resetting said counting means in
said field unit to an initial condition.

17. In a telephone line concentrating system having a
central office unit and a field unit interconnected by trans-
mission and control paths, the combination comprising a
source of control pulses in said central office unit, means
in said central office unit responsive to pulses from said
source for transmitting pulses of a first and a second
plurality to said field unit alternatively, first and second
pulse detection means in said field unit responsive to
said pulses of said first and second polarity and a pair
of mutually exclusive monostable means responsive 1o
said first and second pulse detection means for generat-
ing control signals for said field unit.

18. The combination of claim 17 wherein said pair
of mutually exclusive monostable means comprise a first
transistor individual to one of said monostable means, a
second iransistor individual to the other of said mono-
stable means, and a third transistor common to said one

og and said other of said monostable means.
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