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ABSTRACT OF THE DISCLOSURE

A system is disclosed for concentrating a large num-
ber of telephone lines at a remote switching unit and
extending connections from the lines over a smaller num-
ber of trunks on a shared basis to a central o ice. These
connections are established through crossbar switches,
controlled by both electronic and electromechanical con-
trol circuitry and coordinated by signals from a signaling
facility interconnecting the remote unit with the central
ofiice. The facility includes circuits for sending and receiv-
ing pulses and maintaining a synchronous relationship be-
tween sending and receiving units.

N L TR —

This invention relates to telephone line concentrator
systems and more particularly to synchronizing circunits
for controlling such signaling systems. Telephone line
concentrator signaling systems may be categorized in
two general groups. The first would include so-called
asynchronous signaling systems in which information
transmitted from the remote unit to the central office
and vice versa is not predicated on any synchronous
operation between the two distant units. The other group
includes synchronous signaling arrangements in which a
signaling device at the control unit is required to maintain
a synchronous relationship with the signaling device
at the remote unit.

An 1llustration of the former type of operation may'

be seen in Patent 3,022,382 of J. C. Ewin of February
20, 1962. Therein, information transmitted from the
remote unit to the central office and vice versa need not
include timing or other signals which dictate the begin-
ning and end of blocks of signal intelligence.

The latter type of signaling arrangement is characterized
by that shown in Patent 3,033,937 of W. C. Jones of
May 8, 1962, In the Jones disclosure, local counting ar-
rangements which operate in synchronism with a central
office counter are utilized to provide timing information
at the remote unit. o

One of the difficulties which resides in the use of
synchronous signaling systems and, in part, negates the
many advantages residing therein is the literal necessjty
for maintaining synchronism between the two distant units.
In short, a synchronous signaling system is capable of
delivering a considerable quantity of information with
only a minimum of signal traffic provided that the timing
means at the remote unit is adapted to accurately estab-
lish the individual bits or words comprising the intelli-
gence information. |

For example, if the control unit is delivering binary
information using two distinct frequencies, transmission of
the 0 frequency may be utilized to transmit three suc-
cessive 0’s if the same frequency is permitted to persist
for three bit intervals, Similarly, transmission of the 1
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frequency is sufficient if permitted to persist for four bit
intervals to transmit four successive 1’ Obviously, how-
ever, 1t is vital to recognize the accurate persistence or
bit duration of the particular frequency in order that the
appropriate number of 1 and 0 bits may be recorded.

Certain prior arrangements undertook to jinsure the
accuracy of the local counting or timing unit by “slaving”
the local counter to the distant counter and atso by trans-
mitting framing or resynchronizing bits at frequent in-
tervals to insure continued synchronization between the
oscillator at the central office and the oscillator at the
remote unit.

Unfortunately, the disadvantage inherent in this type
of resynchronization resides in the necessity for trans-
mitting a considerable volume of data which is unrelated
to required intelligence information, (i.e., relating to tele-
phone connections and the like) but instead is relegated
exclusively to the function of restoring synchronism be-
tween the distant units. Since telephone concentrator
operation is predicted on the desirability of minimizing
the number of channels between a group of remote sub-
stations and the central office, the necessity for providing
channel capacity for the synchronizing information is, at
least in part, self-defeative.

It is therefore an object of this invention to provide for
the synchronization of a local unit with the incoming
signal received from a distant unit while permitting the
clock mechanisms at both units to remain completely
free-running.

Still another object of this invention is to provide for
the synchronization of two distant signaling units by
controlling frequency dividers responsive to the operation
of clock mechanisms or oscillators at those units.

These and other objects and features of the invention
may be realized in a specific illustrative embodiment in
which a synchronizing circuit for use between two dis-
tant signaling elements of a telephone line concentrator
does not attempt to effect a continuous synchronization
of the clock mechanisms at both units but instead is
effective to periodically synchronize a pair of frequency
dividers respectively responsive to the clock mechanisms
In the distant units. In essence, the operation relates to
the transmission of synchronizing signals at the initiation
of each message and at space-to-mark transitions. On
receipt of a synchronizing signal at the beginning of a
message, the frequency divider at the receiving unit and
the oscillator at the receiving unit are qulescent. An ac-
curate timing element at the receiving unit which is frig-
gered in response to the reception of the synchronizing
signal is effective to measure a predetermined time and to
set the local frequency divider or counter to a count
which should have been achieved during the measured
time interval if the local oscillator or clock mechanism
had been actively advancing the frequency divider.

Since the distant oscillator had been operating and
controlling the distant counter during the same time in-
terval, the two counters are now at the same count
(neglecting transmission time delays) and the local os-
cillator at the receiving unit is now triggered to advance
the frequency divider at the recelving unit. Under these
conditions the two counters are maintained in synchronism
although it is apparent that the oscillators which drive the
counters are operating wholly independently. An advan-
tage to be derived from this type of operation resides
in the relative frequencies of the oscillator and the count-
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er. which may, for example, be in the ratio of sixteen fimes
lower in the counter. Under these considerations the os-
cillator at the remote unit may be permitted to drift a
considerable number of cycles from the oscillator at the
receiving unit without effecting a loss of synchronism

between the two counters.

A feature of this invention includes facilities for syn- -
chronizing the signaling circuits in a concentrator system -
while permitting the clock mechanisms at both units to re- .

main free-running.

A feature of this invention includes arrangements for
resynchronizing the counter at the distant unit with re-
spect to the counter at the transmitting unit on each space-

to-mark transition of the signaling frequencies.

Stifl another feature of this invention includes arrange- 1
ments for providing a binary counter at the transmitting
unit and receiving unit which divides the frequency of
the respective oscillators connected thereto in order that

the oscillators may drift apart in frequency without effect-
ing a loss of synchronism between the two counters.
Still another feature of this invention includes an -ac-

curate timing arrangement responsive to preliminary -

pulses transmitted from the distant unit for metering a

predetermined time interval indicative of the count in the

counter at the transmitting unit.

Another feature of this invention includes facilities in

2 receiving unit responsive to a timer thereat for advanc-
ing the counter at the receiving nnit to a count corre-

sponding to that in the counter at the transmitting unit.

Another feature of this invention includes facilities
responsive to the operation of a timing arrangement at the
remote unit for initiating the operation of an oscillator
at the remote unit which in turn drives a binary counter

thereat in synchronism with the counter at the transmit-:

ting unit.

Still another feature of this invention includes shift
register means for storage of a preliminary pulse or syn-
chronizing signal prior to the transmission of control sig-
nals represented by mark and space frequencies indica-

tive of a particular line or trunk.
Another feature of this invention includes facilities at
a receiving unit responsive to the reception of the syn-

chronizing or preliminary pulse for actuating the timing .

interval of the timer thereat.

A further feature of this invention includes facilities -

for governing the operation of an accurate timing circuit

in a receiving unit to meter the length of a received pulse

for discrimination between legitimate signals and tran-
sients or “hits.”

These. and other objects and features of the invention
may be more readily apprehended from an examination

of the following specification, appended claims and. at-

tached drawing in which:

FIGS. 1A-1D include a specific illustrative embodi-

ment of the invention in outline form;
FIGS. 2—-16 show the details of a remote unit 0 shown
in outline form in FIGS. 1A and 1B;

FIGS. 2-3 show the crossbar switches of th:e‘ magnetic
latching type for the remote unit;

FIG. 4 .includes the relay circuliry résponsive to the.

shift register circuitry of FIGS. 5 and 10;

FIG. 5 shows a portion of the shift register circuitry
utilized in storing information re_:c_;eived. from and trans-

mitted to a central office;

FIG. 6 includes the cascaded binary cells utilized in

{iming control operations;

FIG. 7 includes the select magnet circuitry for the
crossbar switches of FIGS. 2 and 3;

FIG. 8 shows the hold magnet circuits for the crossbar
switches of FIGS. 2 and 3;

FIG. 9 includes call preference and trunk preference

and control relays;

FIG. 10 shows additional shift register circuitry which

operates in conjunction with that of FI1G. 5;
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FIG. 11 includes timing flip-flop elements utilized in
the control operations of the concentrator; |

FIG. 12 shows checking circuitry for use in conjunc-
tion with the line and trunk identification relays;

FIG. 13 includes identification equipment for deter-
mining the tens and units designations of a service Te-
questing line;

FIG. 14 shows additional timing, -checking and release
circuitry utilized in the control functions of the concen-
frator;

FIG. 15 includes the receiving and transmitting equip-
ment for use in conjunction with comparable equipment
at the control units for transmitting and recelving con-
trol information;

FIG. 16 includes the binary counter circuiiry respon-:
sive to the local oscillator for timing the concentratlor €on-
trol operations;

FIGS. 17-41 include the detailed circuitry: of the con-
trol unit shown in outline form in FIGS. 1C and 1D;

FIGS. 17 and 18 show the crossbar switch circuitry
for control unit G;

FIG. 19 includes the hold magnet operating and con-
trol circuitry for the crossbar switches of FIGS. 17 and
18;

FIG. 20 discloses the transmitting and receiving equip-
ment of the control unit for use in conjunction with the
comparable equipment of FIG. 15;

FIG. 21 includes the binary counting circuitry respon- -
sive to the oscillator at the control unit for determining -
the timing of concentrator control functions;

FIG. 22 includes circuitry effective in response to busy
conditions on lines and trunks;

FIG. 23 includes the select magnet operating and con-
trol circuitry for the crossbar switches of FIGS. 17 and
18;

FIG. 24 includes checking circuitry for the shift reg-
ister and select magnets of FIG. 235

FIG. 25 includes relay circuitry for preventing double
seizure on a terminating call and also preference control:
circuitry; -

FIG. 26 shows a portion of the shift register circuitry
utilized in storing information received from and trans-
mitted to.the remote unit;

FIG. 27 includes additional timing circuitry for gov- .

5. erning the control functions of the concentrator;

FIG. 28 includes call preferance control circuitry for-
remote unit 0 in detail and for remote unit 1 in outline
form;

- FIG. 29 inchudes the details of the trunk selection cir-:

cuitry for both remote units;

FIG. 30 includes the contacts of relays responsive to .
the binary cells of the shift register;

FIG. 31 includes additional shift register circuitry used
in conjunction with that of FIG. 26;

FIG. 32 includes a binary counter for use in governing -
the timing of control functions in the control unit of the
line concentrator; .

FIG. 33 shows the relays used in registering the identi-
fication of a line being serviced;.

FIG. 34 includes the relay circuitry for determining.
trunk preference for utilization in conjunction with the
selection circuitry of FIG. 29;

FIG. 35 shows additional relay contact circuitry respon-
sive to the shift register;

FIGS. 36 and 37 include additional relay circuitry for -
exercising control functions in the line concentrator;

FIG. 38 includes the check circuitry for the line identi-
fication;

FIG. 39 includes relay circuitry for use in releasing the

'FIG. 40 includes trunk verification and checking cir-
cuitry; |

" FIG. 41 includes auxiliary 1nput relay circuitry;

FIG. 41A shows relative d:sposition of FIGS. 2-41;
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FIGS. 42-44 disclose the detailed circuitry of the Or-
Not gates;

FIG. 45 shows the details of the binary counter cir-
cuit;

FIG. 46 is a detailed rendition of the circuitry of the
flip-flop package:

FIG. 47 shows the details of the monopulser described
1in FIGS, 2-41 in outline form:

F1G. 48 shows the details of the multivibrator circuit;

FI1G. 49 shows the details of the monocpulser for use
in the shift register shown in outline form in FIGS. 3,
10, 26 and 31:

FIGS. 42A-49A show the symbolic representation of
the circuitry set forth in FIGS. 42-49, respectively:

FiGS. 50A and 50B show the symbolic representation
of the circuitry set forth in FIG. 50 and located, respec-
tively, at the remote unit and control unit:

FIG. 50 shows the details of the discriminator circuit
shown in outline form in FIGS. 15 and 20;

FIG. 51 shows the details of the guard interval timer
I5GIT and 20GIT/1;

F1G., 52 shows the details of the signal present detector
shown in outline form in FIGS. 15 and 20;

F1G. 53 shows the details of the modulator circuit 15M
and 20M9/1; |

FIG. 54 shows the details of the power amplifier 15PA
and 20PA;

FiG. 55 shows the details of the send filter utilized
In conjunction with the modulators at both the remote
units and the control units:

FIG. 56 shows the details of the limiters 151 and

201L.0/1; '
FIG. 57 shows the components of the receive filier

15FR and 20FR§/1; and ‘
FIGS. 51A-57A show the symbolic representation of

the circuitry set forth in FIGS. 51-57, respectively.
57, respectively.

The above-referred-to circuitry is jointly described in
the present specification and in application Serial No.
344,980, filed on even date herewith of Rettig-Riedel-
Stagg-Trumbull and also application Serial No. 344,863,
filed cn even date herewith of A. R. Trumbull.

In describing the invention, the subject matter has be_f-:n
given a general ireatment followed by a detailed descrip-
tion in accordance with the following index:

INDEX

1. General Description _
1.1 General description of major components
1.2 Synchronization _
2. (feneral Descrintion of Operation
2.1 Service request call
2.2 Terminating eall
2.5 Disconnect call
2.4 NService denial call
Detailed Description of Major Components
0.1 Iine and trunk switching
3.11 Remote unit
3.12 Control unit
Siznaling
3.21 Send ecircuit, modulator
send cirenit, filter and power amplifier
3.23 Receive circuit, filter and limiter
3.24 Receive circuit, discriminator (FIG. 50)
3.25 Signal present detector
3.26 Guard interval timer
2.9 Synchronization
5.51 Shift pulse
3.32 “Write” pulse
3.33 Call progress pulse
5.4 Trunk selection N
3.41 Trunk preference and selection on normal dis-
connect call .
5.42 Trunk preference and selection on special Dis-
connect call
2.5 Line identification
3.6 Call preference
3.7 Illectronic logic circuitry
3.71 Basic Or-Not gate
3.72 Tlip-flop
5.73 Shift register
3,74 Monopulser
3.75 Oscillator
3.76 Binary cell .
4. Detailed Description of Service Request Call
4.1 Line relay and lockout delay operation
4.2 Transfer of information to shift register
4.3 Transmission of line identification to office
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Reception of line identification at o ice control unit
Registration of “Barly” dial tone start
Select and hold magnet operation
-7 Transmission of trunk information to remote unit
Trunk number storage in shift register at remote unit
.9 Trunk number translation and match check at remote
unit
.10 Release of trunk register at remote unit
D4f311 Release of electromechanical circuit at control unit
eta
0

4.4
4.5
4.6
7
.8

4
4
4
4

iled Description of Terminating Call
1 Start signal to remote unit
0.2 Transmission of information
3.3 Select magnet operation and
at control unit
5.4 Trunk check on terminating call
6. Disconnect Call -
6.1 Start of diseconnect eall
6.2 Trunk preference on a normal disconnect call
6.2 Trunk preference on a special disconnect eall
6.4 Line identification on 2 special disconnect eall
6.5 Trunk check at controel unit
Service Denial Call
lelease Service Denial Call
Timing Operations and Checking Cireuits
9.1 Recycle timing
Timing for release of relay s9RL1
Timing for release of relay 39RI1.2
Over-all timer
Hold magnet fajlure relays
I'runk check failure relay
Hold magnet timing
8 Trunk overflow circuit
10. Preference Control
10.1 Terminating preference
10.2 Line lockout preference
10.3 Trunk group busy

1.—~GENERAL DESCRIPTION

Referring now to FIGS. 1A through 1D which show
the concentrator in outline form, it is seen that the
single control unit at the office serves two remote units
8 and 1, the former being shown in outline form and
the latter generally.

o

stored in shift register
hold magnet operation

© o

DL WLWOD
0N SOt Lo by

1.1 General description of major components

A number of subscribers which may Hlustratively total
a5 many as seventy-eight at each remote unit are coupled
to line circuits 1¢ in the office. The lines are further
extended to crossbar switch network 11 by means of
which they are coupled to a relatively smaller number
of trunks 12. The trunks in turn extend to a similar
crossbar switch 150 at the central office ccutrol unit.
At that location the lines are reexpanded through the
switch to a number of line circuits I51 in the office
equal in number to the remote substation lines.

The electromechanical portion of the remote unit 0
is shown in FIG. 1A and includes control facilities 15
tor selecting the particular hold magnet (unique to a
line) and select magnet facilities 16 (unique to a trunk)
o extend connections therebetween. In addition, a signal
Input circuit 17 and sienal output circuit 18 act as
buffers between the electronic circuitry of FIG. 1B and
the electronic circuitry of FIG. 1A. A line lockout cir-
cuit 19 includes facilities responsive to the energization
of a relay in line circuit 10 to identify the relay and
deliver the information to the line register 100.

The trunk register and preselection circuit 101 is
adapted to receive information from the control unit
indicative of a preselected trunk and the disconnect
control circuit 102 is effective when directed by the con-
trol unit to disconnect a particular line from a trunk
which is preselected for the next service reguest or
terminating call.

Substantially all operations in the electromechanical
circuitry are checked in checking circuit 103. A timing
circuit 104 is effective when the performance time of
a particular function exceeds sz predetermined time in-
terval to effect a release of the equipment and to re-
cycle or reinstitute the same function through sequence
control circuit 105.

A signal control circuit 106 at the remote unit is
effective to energize the electronic circuitry in prepara-
tion for signal transmission or reception. Release con-
trol circuit 167 is operative to supervise the release
of all of the contro} circuitry in the electromechanical
cquipment and ultimately the only devices remaining
operated in the electromechanical portion are the hold
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magnets which are magnetically latching and, therefore,
supply as explained

do not require a continuous power
herein.

A data unit 108 adapted to initiate and receive data

-

messages
107. Thus, an

transmission path - through the concentrator. ‘in the
manner explained herein.

All of the signal transmission to and from

of ingress and egress Ior information to the electronic

circuitry is the -shift register 109 which is adapted to
deliver information

equipment as well as receive information in parallel {rom

the electronic equipment through the buffer stores 17 .

and 18. Moreover, the shift register 1s arranged to de-
liver information serially to the sender circuit 110 and
to receive information in serial form from the receiver
circuit 111. The over-ail sequence of operation of the
electronic circuitry is reposed in control circuit 112. The
basic program of operation of the shift register in re-
ceiving and  transmitting information 18
the clock generator 113 and the. number of program
repetitions is measured by counter 114.

The basic elements

cutput of shift register
mark or space signals on a frequency shift basis through
flter- 116 and power amplifier 117 over control .con-

ductors 118 to a corresponding receiver for remote unit

0 .at the control unit.

Transmission from the second unit to the remote unit.
0 takes place over control conductors 119, transformer 3;
120 and filter 121 where the signal is delivered to a .
signal present detector 122. The latter meters the time

during which a signal
the transmission is a valid signal and that it exceeds a
predetermined length and Is not a “hit” or transient,
spurious . signal. If
cuit 112 as well as the clock generator 113 are activated
and specific signals are delivered from filter 121 through
limiter 122 to the discriminator 123 which identifies
the signals as mark or space and delivers corresponding
binary indicia to the shift register 109 which at this

time is advanced under control of the clock generator

113.
The equipment in the control unit includes (FIG. 1C)
a hold magnet control and select magnet control 124

and 125 which perform functions analogous to con-.
trols 15 and 16 -of the remote unit. The line lockout.
circnit 126 acts in response to sleeve relays in the line
circuit 153 in a manner analogous to the response of
tine lockout circuit 19 to the line relays of hine circuit
16. The information translated in line lockout circuit

126 is delivered to register and check circuit 127. The

timing circuit 128, release control circuit 129 and signal
control circuit 130 perform functions similar to their
counterparts at the remote unit. The preference control -

circuit 133 is effective to determine the trunk which 1s _60' |

preselected for the next service request or terminating
call. The trunk thus selected is stored

the number of trunks which are in the busy condition.
The electronic logic circuitry of FIG. 1D is similar
to the equipment in the remote unit with the exception
that separate sender and receivers are utilized for re-
mote unit 0 and remote unit 1 although the shift register

136 - and the related control equipment 1s common to

both remote units,

1.2 Synchronizafion

'« used in conjunction with each -substation
off-hook condition at the substation will
snitiate a combined data transmission path and speech

the control-
unit is effected by high speed electronic circuitry shown
‘v outline form for remote unit § in FIG. 1B. The point

in parallel to the electromechanical "y;

controlled by

of the sender circuit. include 2
modulator 115 responsive to binary conditions at the -
10% to deliver corresponding

pulse -is applied to verify. that -

the signal is valid the  control cir-.

in the preselected .
trunk register 134. The trunk busy control 135 ascertains
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An essential aspect of the transmitting and receiving -

facilities which are shown in further detail in FIGS. 2-41

5

5 timer (not shown but

&
include equipment for synchronizing counter 114 of the
remote unit 0 with the counter 138 of the control circuit
in the central office.

Essentially, this operation 1s predicated on the interac-
tion of equipment: in- the control circuit 112, the clock
cenerator 113 and the counter 114. As shown in further
detail in FIG. 16, the clock generator. includes a multi-
vibrator 16K and a number of gating circuits 16PGLG
through 16PG3G, inclusive. These in turn control the step-
ping of shift register 169 and the storage therein and read-
ing out of information. Counter 114 is directly responsive.
to the operation of the multivibrator 113 and the control
gates to count the number of gate sequences to the shift
register. In effect, the binary counter also acts as a fre-
quency divider in converiing the 3200 pulses per second
multivibrator cutput to 200 pulses per second.’

At all times the multivibrator included within the: clock
generator 113 of the remote unit of FIG. 1B and the cor- -
responding multivibrator included within the clock gener-
ator 137 of FIG. 1D are permitted to operate independ-
ently and no effort is made to key one from the other
or to “slave” one. to the other. |

Instead, the counter 114 and the counter 138 are inter-
mittently set at the same count by use of the guard interval
see timer 15GIT of the remote
unit -or the corresponding timer 20GIT- of the control
unit) depending on the direction in which information 1s
being transmitted. Thus, on a service request or originating
call wherein information respecting line identity is trans-
mitted from the remote unit to the control unit via the shift
register 109 and the sender: circuit 110, the information is :
preceded by a start signal. During the start signal, the clock
penerator 113 is active and the corresponding counter 114
continues to count the pulses distributed by the clock gen-
erator. However, the clock generator 137 of the remote
unit is not vet active at this time and the counter 138
thereat continues to register a count of: 0. An accurate
timing circuit (not shown, see timer 20GIT-) which 1s.
triggered by the start pulse measures a predetermined
interval of time, illustratively 4.06 milliseconds. If the start
signal persists for that length of time, the guard interval |
timer interprets the signal as genuine (rather than a “hit”
or other transient disturbance) and energizes the control |
circuit 139 to set the counter 138 at the count (illustra-

tively, thirteen) which would have been -achieved if the
clock generator 137 had been active from the time of the

initial reception of the start pulse. Since the clock gener-
ator 113 of the remote unit has indeed been active during
this period, the counter 114 at the remote unit also reg-
isters a count of 13. Consequently, both counters are in
synchronism (except for transmission delay) and the clock
generators 113 and 137, which are now both active, con-
tinue to step the respective counters 114 and 138 in syn-
chronism.

A similar synchronism operation is reeffected each time
the intelligence information (subsequent to the start Sig-
nal) undergoes a space-to-mark frequency transition.

2 —GENERAL DESCRIPTION OF OPERATION
2.1 Service request call
It will be assumed for purposes of illustration that a

subscriber at substation 107 is initiating a service request
call. When substation 107 -goes off hook, a line relay (not

" shown-——but shown in detail in FIG. 2) unique to the call-

ing subscriber’s line in line circuit 10 is operated. The line
lockout circuit 19 is energized to operate a particular tens
relay and units relay identifying the calling line. There-
after the information is transferred to the line register -
circuit 100 and checked in the checking circuit 103.
Under the control of circuit 106 the information stored
in the line register is delivered through buifter circuitry 18
to the shift register 109. The signal control circuit 106 -
delivers a start signal to the electronic control circuit 112
which initates the operation of the clock generator 113 to
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activate the shift register 169 and the counter 114 for the
purpose of delivering the line identification to the control
unit,

The information from the shift register 109 is delivered
through modulator 115 which converts the binary condi-
tions in the shift register to corresponding mark and space
signals and thereafter through filter 116 and power stage
117 over control conductors 118 to the recerver circuit for
remote unit 0 at the central office.

When the signal present detector 144 recognizes a
legitimate signal (as distinguished from a “hit” or transi-
ent), it enables the control circuit 132 which in turn ener-
gizes clock circuit 137 to gcovern the storage of the line
identity in the shift register 136. In the interim, the control
signal pair 149 extending to the remote unit 1 is disabled
to prevent the transmission of a service request by that
unit, and in consequence, the remote unijt 1 disables the
signal pair to the control unit.

When it is determined that the complete line identity
has been received in shift register 136, the line information
thus stored is transfered on a parallel basis through signal
input buffer circuitry 131 to the line register and check
circuit 127. When the line information is registered and
check in the circuitry of FIG. 1C, the hold magnet control
circuit 124 is energized to operate the hold magnet unique
to the line requesting service, the select magnet having
been previously operated. At the remote unit, in the
interim, the select magnet corresponding to the preselected
trunk was operated followed by the operation of the hold
magnet unique to the service requesting line.

The trunk identity of the trunk at the control unit uti-
lized on the call is delivered to signal output circuit 132
and subsequently transferred to the shift register 136 in
parallel. The information thus transferred represents the
identity of the actual trunk utilized in completing the call.

At this time, a procedure is initiated for transmitting to
the remote unit the identity of the trunk stored in the
shift register. It should be noted that the remote unit is
already aware of the identity of the preselected trunk and,
in fact, has presumably connected the service requesting
line to the preselected trunk by the operation of the select
and hold magnets as described above. However, to verify
that the trunk actually utilized in completing the connec-
tion at the remote unit is the same as the trunk actually
utilized in completing the connection at the control unit,
the shift register 136 is activated under control of clock
circuit 137 to transmit the actual trunk identity to the
remote unit through modulator 148, filter 147, amplifier
‘148 and conductors 119 to the receiver circuit at the re-
mote unit. This information is stored in the shift register
109 in the manner described above and when the trans-
mission of trunk information is completed, the electronic
logic circuitry including control circuit 112 deljvers a read-
out signal to signal control circuit 186 which in turn ef-
fects the storage of the trunk information in signal input
buffer circuit 17 in parallel. The trunk number is there-
after delivered to the trunk register circuit 101 where it
is compared with the trunk number actually used in com-
pleting the connection at the remote unit.

Subsequent to the transmission of trunk information
by the control unit, the signal pair to the remote unit 0
i1s disabled (opened). In response thereto, remote unit @
releases trunk register 161 and in turn causes the signal
pair 118 to the control unit to be opened to prepare the
control unit for release. |

The control unit thereafter enables or closes the signal
pair 119 to the remote unit effecting the release of the
solid state logic circuitry and the control relays at the
remote unit. When the release is checked by release cir-
cuit 197, the signal pair 118 to the control unijt is again
closed causing the release of the equipment in the control
circuit as governed by release control 129.

At this time all of the electronic logic circuitry is
cent except for the continuous
signal by the sender circuits.

quies-
transmaission of the spacing
Since the hold magnets of
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the crossbar switches 11 and 150 are magnetically latched,
a path may be traced from substation 107 and data unit
108 through line circuit 10 (from which all bridging im-
pedances have been removed), crossbar switch 11, pre-
selected trunk 12, crossbar switch 150 to the unique ter-
mination in the central office line circuits 151 to which
substation 107 and data unit 108 would have been con-
nected if directly connected to the office. Since the central
office is unaware that the central office line circuit unique
to the concentrator line is, in fact, not directly terminated
at the central office, it proceeds to service the call in a
conventional manner by the return of dial tone, etc.

When the digits of the called substation have been dialed
and the central office extends the connection, conversation
and/or data transmission takes place in the conventional
manner. However, when the conversation or data trans-
mission is completed and the substation 107 1S returned
to the on-hook condition, the train through the central
office is released but the vertical magnets in the crossbar
switches 11 and 150 unique to the calling subscriber’s line
remain held operated or magnetically latched. Thus, al-
though the subscriber at substation 107 has returned to
the on-hook condition, a direct connection extends through
the concentrator switching network to the central office
line termination unique to the substation line. Moreover,
all but one of the illustrative sixteen trunks are maintained
in this “cut-through” condition and, in consequence, 15
of the approximately 80 substations are always directly
connected to the office. The advantages of such an ar-
rangement include the possibility of continuing service to
those substations despite a complete failure in operation
of the concentrator and, moreover, the “recall” time, i.e.,
the time required to make a second call after the substa-
tion returns to the on-hook condition, is correspondingly
diminished since the operating time of the concentrator is
no longer effective.

2.2 Terminating call

A terminating call is initiated in the central office line
circuits 151 when the office grounds the line sleeve lead
(not shown but see FIGS. 17 and 22) in the conventional
manner. The line is identified in consequence of the opera-
tion of a relay in the line circuit 133 and corresponding
identifying relays in the line lockout circuit 126. The in-
formation representing the line identification of the called
line is stored in register 127 and the select magnets as-
sociated with the preselected trunk are operated by select
magnet control 125. During the registration of the line
identification, the signal pair 149 to remote unit 1 is dis-
abled (assuming the called line is in remote unit ¢). In
consequence, the remote unit 1 disables the signal pair
to the control unit. The receiving circuit in the control unijt

detects that the signal pair from the remote unit has been

disabled.

After registration is completed and checked, the line
identification is transferred to the shift register 136 through
signal output circuit 132. At this time the electronic logic
circuitry energizes the shift register 136 to transmit the
line identification to the remote unit in @ manner analo-
gous to that described above for fransmission of line in-
formation during a service request call. -

At this time the hold magnet control circuit 124 op-
erates and checks the hold magnet in the crossbar switch
150 unique to the line being called.

At the remote unit the information transmaitted is stored
in the shift register 109. The select magnets associated
with the preselected trunk are operated by select magnet
control 16. Upon completion of transmission, the line in-
formation is delivered in parallel from the shift register
through the signal input circuit 17 to the line register cir-
cuit 100. Upon registration of the line information, the

hold magnet control 15 energizes the appropriate hold
magnet,

When the hold magnet is operated, the number of the

75 trunk used on the call is delivered through the signal out-
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put circuit 18 to the shiit register 109 and is thereupon
transmitted to the control circuit. The signaling circuitry
. the control until receives the information and there-
upon opens

remote unit opens the signal pair to the control umit.

Again, the control unit detects the opening of the signal -

pair from the remote unit and delivers the trunk ideatity

to register 127 where it i stored. The trunk number thus

received is compared with the trunk number used for the
actual connection at the control unit and if these num-
bers agree, the electromechanical equipment in the con-
trol unit is partially released and the signal pair to the
remote unit is again closed. The closure
of the equipment thereat. When appropriate release: 1Is
varified, the signal pair 118 to the control
in turn causing the release of the equipment at the control
circuit.
2.3 Disconnect call

A disconnect call is initiated following each service

request or terminating call. The trunk selected for dis-
connection is ascertained in a manner explained herein-

after in detail and the line coupled to the selected trunk.
:s identified. The sequence of operations for a disconnect

call is similar to that described above for a terminating

call except that no select magnet will be operated and
instead the hold magnets will be released. Moreover, the

number of the trunk to be disconnected is sent to the re-
mote unit instead of the line number.

2 4 Service denial call

A service denial call is utilized, in part, {or preventing

trouble conditions on @  substation line from holding =
irunk out of service. In effect, the. service - denial call
prevents. crigination OT termination of calls to.the serv-
jce denied line. |

The sequence of: operations for a
is similar to that described above for a terminating

service denial call
call

but the select magnets are not operated. Thus, when the.
hold magnets are operated alone, no crosspoint. contacts.

off. The denial condition

are closed and the line is cut

remains in effect until a release service denial call 1s

made which too is similar in operation to a terminating
call with the exception that the select magneis are -not
operated and the hold magnets are released.

3 _DETAILED DESCRIPTION OF MAJOR
COMPONENTS

3.1 Line and trunk  switching
3.11 REMOTE UNIT

Referring to FIGS. 2 and 3 at the remote unit and cor-
responding FIGS. 17 and 13 at the control unit, cross-
point networks of the magnetic latching type described

:n an. article entitled “Magoetic. Latching Crossbar

Switches” in the Bell System Technical Journal, Septem-

ber 1960, at page 1351, are utilized. The magnetic latch-
ing facilities include hold magnets  (vertical magnets)

which remain operated until deliberately released. No
additional power drain ensues ONCe the vertical magnets

the signal pair 118 to the remote circuit.
Upon completion of transmission of the trunk identity, the -

of the signal pair
119 is detected in the remote unit and results in the release

circuit is ciosed,

1

19
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40

50
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have been operated. Since -the delayed disconnect. ar- .
rangement described cenerally above, wherein 15 of the

16 trunks normally will be connected to lines at all times,

will be utilized, the power savings are apparent.
As shown in FIG. 2, the lines to be concentrated are

coupled to the verticals of the crossbar switch whereas

the trunks are connected to the switch horizontals. Thus, .
20 lines, 0—-19, are coupled to the
T and

for switch A of FiG. 2,
verticals and 16 trunks including conductors
RO0 through T15 and RIS are coupled to the horizontals.
Switch levels L8 and LY
two trunks coupled to each horizontal level L8-L7 (of
which only L0 and L7 are shown). In this manner, sub-
station 0 may be connected to either trunk T00 and RO

are used for selecting one of the -

5 unit. As indicated above

~a power amplifier

- nor

delivered to transistor

12
or T01i and R61 depending on which steering level switch,
.8 or L9, is closed.

3.12 CONTROL UNIT

A substantially similar analysis may be made with re-
spect to the switches shown in FIGS. 17 and 18. Here
again, 20 lines are ‘coupled to the verticals of four
switches, A-D (of which only A and D are shown in
detail). Two lines are reserved for testing purposes and.
are not- associated with subscribers. ‘A trunk incoming
to switch A of group $ may be connected to the appro- .
priate line by closing the crosspoint contacts on onc
switching level, L.O-L7, and one steering level, L8 or LY.
The switches at the conirol unit depart from those at the

remote unit in that a £ull complement must be provided
for the lines of remote umt 1 as well as

remote unit 0. -
Thus, the switches for remote unit ¢ are shown in detail
on FIG. 17 and 18 and the switches for remote unit 1.
indicated in the drawing as group 1 are shown in outline
form in FIG. 24 and are duplicates of the switches shown
in FIGS. 17 and 18. The vertical magnets of the crossbar
switches in the control unit are also magnetically latching.
and may be of the type disclosed in the above-referred-to
publication. .
| 3.2 Signaling

The signaling circuits at the remote and control units
are equipped to complement each other and since the
sending and receiving circuits for both units are similar,:
only one need be described. The sending and receiving
circuits for the remote unit and control unit are shown
in outline form in FIGWY. 15 and 20 and in further detail
in FIGS. 50-58. The sending circuit includes a modulator
shown in FIG. 53, a send filter shown in FIG. 55, and
shown in FIG. 54.

The receiving circuit includes a 1imiter shown in FIG.
56, a receiver filter of FIG. 57, a signal present detector
of FIG. 52, and a guard interval timer of FIG. 51.

3 21 SEND CIRCUIT, MODULATOR

Referring first to the send circuit, the frequency of the
modulator of FIG. 53 18 controlled by a transistor switch
Q1 which has a potential approaching. oround applied to
the base thereof or an off-normal potential of approxi-
mately 6 volts. The tank circuit including inductors: T1

and T2 and capacitor C1 is arranged in order that the

“application of a ground potential to the base of the switch

will . produce an oscillation frequency of substantially
2025 c.p.s. representing the spacing frequency at the con-
trol unit (F25).

When ‘the input to the base conductor A is changed
to --6 volts, the frequency of oscillation is ‘modified
to 2225 c.p.s. representing the mark frequency at the con-
trol unit (FZM).

The output of the ‘modulator is delivered through a
rmal contact of relay 380L0 in the case of the send
circuit 0, in parallel with a combination of make contacts
of relays 41SR0, 28TERS and 41ATCO1 to the send filter

of FIG. 55. .

3 92 SEND CIRCUIT, FILLER AND POWER AMPLIFIER

The latter filter is a bandpass filter substantially in the
range of 2025 c.p.s.—225 C.p-S. and prevents undesired
signals from reaching the power amplifier stage. As seen.
in FIGS. 54 and 55, the output. of the send filter is
Q3 of the power amplifier over
canacitor C5. The output of the power amplifier is deliv-
ered over transformer T3 1o the control pair extending
to the appropriate remote: unif.

The purpose of providing the contacts of relays 380L0,
41ATCO1, 28TERY and 41SRO intermediate the modul-
iator and the send filter 1s to control the path at the out-
put of the modulator. By interrupting this path all signal
frequencies emanating from the sender may be inter-
rupted, thereby opening the control pair to the remote
and also ‘herein in -detail, this.
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condition represents a signal to the distant unit to initiate
appropriate circuit operations.

3.23 RECEIVE CIRCUIT, FILTER AND LIMITER

The receive circuit shown in FIG. 20 is adapted to
receive signals from the control pair which are delivered
through the input transformer to the recejve filter of
FIG. 57. The latter delivers the signals to the limiter
of FIG. 56. The input to the limiter circuit is at terminal
A of FIG. 56. The output from the limiter is derived at
terminals D, E, and F. There are five transistor amplifier
stages and two limiter stages. |

Transistor Q1 and its associated biasing resistors RS,
R7, R8 and R comprise the first stage of amplification
along with potentiometer R1@ and capacitor C3. Capaci-
tor C3 18 an alternating-current bypass path and is used
with potentiometer R10 to control the gain of transistor
Qi. Transistor Q2 with biasing resistors R11, R12, R13
and R14 comprise the second stage of amplification.
Capacitor C6é and varistor RV1 are the first stage of limit-
ing. The third stage of amplification consists of biasing
resistors R15, R16, R17 and Ri8 with transistor Q3.
Capacitor C7 and varistor RV2 provide the second and
final stage of limiting.

Transistor Q4, biasing resistors R19, R20 and R23 and
the alternating-current bypass network C® and R21 make
up the fourth stage of amplification. The collector load
of transistor Q4 is a tuned circuit combination provided
in the discriminator circuits of FIG. 50. The fifth tran-
sistor stage (Q5) with biasing resistors R4 and R24 and
potentiometer R2 is an emitter follower stage which feeds
the signal present detector of FIG. 52.

Capacitors C1, C4, C5, C8, C10 and C1il are used to
couple the outputs and inputs of the amplifier stages.
Resistor R6 and capacitor C2 provide an alternating-cur-
rent bypass path for the positive power supply; and re-
sistor R22 and capacitor C12 provide an alternating-cur-
rent bypass path for the negative power supply.

3.24 RECEIVE CIRCUIT, DISCRIMINATOR (FIG. 50)

The discriminator of FIG. 50 includes two tuned tank
circuits comprising capacitor C1 and transformer T1 for
the 1020 c.p.s. frequency, and capacitor C2 and trans-
former T2 for the 1270 c.p.s. frequency. The two tank
circuifs in series represent the load for transistor Q4 of
the limiter described in Section 3.23. |

A diode bridge is across the output side of each trans-
former. Diodes CR1, CR2, CR3 and CR4 form a nega-
tively polarized bridge for the tuned circuit T1 and C1,
This tuned circuit recognizes the 1070 c.p.s. frequency
and when it is present develops a negative potential across
the load resistor R1.

Diodes CRS5, CR§, CR7 and CRS8 form a positively
polarized bridge for the tuned circnit T2 and C2. This
tuned circuit recognizes the 1270 c.p.s. Irequency and
develops a positive potential across the load resistor R2
when it is present. In each case the discriminating net-
work is tuned such that the frequencies are sufficiently
far apart to produce resonance for only one tuned circuit
per fréquency. | . |

Capacitors C3 and C4 are smoothing capacitors to filter
out the alternating-current ripple after detection. The
signals obtained at terminal 1 of inductor L1 are fed
through the low pass filter consisting of inductor L1 and
capacitor C5 to the base of transistor Q1. Provision is
made to center the position of the discriminator S-shaped
curve by means of potentiometer R3.

Normally, with 1070 c.p.s. (space frequency) present,
the base of transistor Q1 is negative thus holding it in the
nonconducting or “off” state. This puts + 12 volts through
resistors R6 and R7 to the base of transistor Q2 to hold
1t in the conducting or “on” state. With transistor Q2
“on,” the output is “near-ground” potential at the collec-
tor of tramsistor Q2. The input terminal to the base of
transistor Q2 and resistor R11 are used to make tran-
sistor Q2 an “Or-Not-gate.” This lead is under control
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of the signal present detector (Section 3.25 infra) and
will have a “near-ground” potential present when the
signal present detector is activated.

When the mark frequency is detected by the discrimi-
nator, a positive potential on the base of transistor Q1
turns it “on.” Ground through transistor Q1, with “near-
input provides an “off-ground” potential output at ter-
minal 1, will now turn transistor Q2 “off.” This places
12 volts at the collector of transistor Q2. Thus, a mark
input provides an “of-ground” potential output at ter-
minal 1, while a space input provides a “near-ground”
potential output,

The purpose of resistor R16 and capaciior C6 is to
provide positive feedback to transistor Q1 to give sharp
transitions at the collector of transistor Q2 as transistor
Q2 switches on and off.

3.25 SIGNAL PRESENT DETECTOR

The signal present detector is responsive to the space
frequency to present a “zero™ condition to gate 20STYG
and inverter 286STAO0Y. The latter operates relay 20ITA¢
as an indication that the presence of a signal was detected.
~ The input to the signal present detector comes from the
fifth stage of the limiter (FIG. 56). The potentiometer
associated with this fifth stage on the limiter controls the
input level. This input is coupled through transformer
T1 and rectified by the diode bridge of CR1, CR2, CR3
and CR4. Resistor R23 provides the load for the bridge
and capacitor C4 provides a smoothing effect. The recti-
fied signal is fed through resistor R24 to the base of tran-
sistor Q7.
~ With no input signal, transistor Q7 is in the “off” state.
This presents L 12 volts through resistors R25 and R26
to the base of transistor Q8. This “off-ground” potential
will turn transistor Q8 “on.” The collector load of tran-
sistor Q8 normally consists of a reed relay (e.g., relay
20ITAD) to 4-12 volts connected at the collector terminal.
If the rectified signal at the base of fransistor Q7 is suffi-
ciently positive, transistor Q7 will turn “on.” This presents
“near-ground” potential to the base of transistor Q8 to
turn 1t “off.” This will remove the “near-ground” poten-
tial from the collector to release the relay, Thus, when a
valid signal is present, relay 20ITAQ is released, whereas
relay 20ITA9 operates when the input to the detector is
removed. Resistor R27 provides positive feedback to tran-

sistor Q7 to give sharp transitions at the collectors of tran-
sistors Q7 and Q8.

3.26 GUARD INTERVAL TIMER

The guard interval timer 20GITQ is triggered by the
change from a “zero” condition to a “one” condition, as
shown in FIG. 51, and the output thereof changes from
a “"zero” condition to a “one” condition.

Transistors Q1 and Q2 comprise a monopulser type
circuit with a timing interval of 4.054 milliseconds. There
1 no positive feedback from transistor Q2 to transistor
Q1 thus requiring that the input pulse at the base termi-
nal of transistor Q1 be equal to or greater than the tim-
ing interval of the monopulser. In this manner, the mono-
pulser guards against a false trigger. Thus, a legitimate
signal must be present to activate the output of the guard
interval timer.

In the normal condition “near-ground” potential is
present at a terminal A holding transistors Q1 and Q3 in
the “off” state. With transistor Q1 “off,” 412 wvolts
through resistors R4 and R5 to the base of transistor Q2,
hold transistor Q2 in the conducting or ON condition.
This presents “near-ground” potential through resistors
R7 and R10 to the base of transistor Q4. However, with
transistor Q3 in the “off” state, 12 volts through re-
sistors R12, R13 and R16 is also presented at the base of
transistor Q4. Transistor Q4 is an Or-Not gate and will
be turned “on” if presented with an “off-ground” poten-
tial from either transistor Q2 or transistor Q3. Therefore,
in the normal state, transistor Q4 is “on” and supplies
“near-ground” potential to the base of transistor QS to
hold transistor Q5 in the “off” state.

oy
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Transistors Q5 and Q§ comprise a monopuiser type.
With

circuit with a timing interval of 20 microseconds.
transistor Q3 turned “off,” 12 volts through resistor R20
holds transistor Q% in the “on” state. This presents “near-
eround” potential at the output terminal.

In the normal state, capacitor C1 holds a charge with
+12 volts on one side and approximately 0.8 volt on -
the other side at the base of transistor Q2. 1f a legitimate
signal of “off-ground” potential 1s now applied at terminal

10

A, transistors QI and Q3 both change to the “on’ state.
When transistor Q1 starts conducting, the voltage on each
side of capacitor C1 suddenly drops by approximately 12
volts.. Thus, diode CRS is back biased and removes the
base current to transistor Q2 to turn transistor Q2 “oil.”
When transistor Q2 is turned “off,” 12 volts  through
resistors R6 and Ri§ is present at the base of transistor

Q4, and with transistor Q3 now in the “on” state, “near-

eround” potential through resistors R13 and R16 is also

presented to the base of transistor Q4. At this pomnt, to.
transistor Q4 should not.
change its state. This requires that the “off-ground™ po-
tential from transistor Q2 turning “off” must be present .

prevent false circuit operation,

before the “off-ground” potential from transistor Q3 turn-
ing “on” is removed. 10 insure that this requirement 1S
met, the delay network of capacitor C2 and

the base of transistor Q4 until the “off-ground™ potential
from transistor Q2 is present. In this manner, transistor
Q4 remains in the “on” state.

The potential on diode CRS rises - as capacitor C1
charges from +12 volts through resistors K4, RS, and

transistor Q1 to ground. After a time interval of 4.06

milliseconds, the potential at diode: CR5 is sufficiently

positive to forward bias the diode and to turn transistor
Q2 back to the “on” state. This replaces the “off-ground”

potential provided to the base of transistor Q4 with a
“near-ground” potential. The Or-Not
sistor Q4 is now
supplied from both transistors Q2

Q4 now turns “off.” This presents a high potential to the

hase of transistor Q35 to turn transistor Q35 “on.” In the

normal state, capacitor C6 was charged from approXi-
mately 0.8 volt at the base of transistor Q9 to 6.4
volts at the collector of transistor QS. The 6.4 volts 1S

determined by the voltage divider resistors R19% and R21.

When transistor QS turns “on,” its collector drops to a
“near-ground” potential. Capaciter C6 couples this drop
in voltage to the base of transistor Q6 to turn transistor
Q6 “off.” Capacitor C6 now charges from 12 volts

through resistor R20, capacitor C6 and transistor Q3 to

oround causing the base voltage of transistor Q6 to rise
until it is sufficiently positive to turn transistor Q6 back

“on.” The time interval to return transistor Q6 to the
«on” state is nominally 20 microseconds. Thus, a legiti-
mate input signal at terminal A results in.a 20 microsec-

ond positive output pulse which 18 delayed by 4.06 milli-
seconds.,
To prevent the possibility of

a false: “off-ground”™ potential is removed from terminal

A, the delay network of capacitor C3, resistors R8 and
As the false “off-ground” potential 1s re-.
placed by “near-ground” potential at terminal A, tran-
. When transistor Q1 turns

R9 is provided.

sistors ‘Q1 and. Q3 turn “o
“off,” transistor Q2 will turn “on” (since 4.06 milliseconds
have not yet elapsed and transistor Q2 was “off*). To pre-

vent transistor Q4 from turning “off,” the “off-ground”

potential supplied from  transistor stage Q3 must be ap-
plied to the base of transistor Q4 before the
potential from transistor stage Q3 is removed.

A delay circuit in the guard interval timer including
capacitor C3 and resistors R8 and R9 insures that the
oate 20GITOI presents a

20MTOG prior to the time that the ouard interval timer

resistors R14
and R15 is used to maintain an “off-eround” potential at

condition of tran-
satisfied with “near-ground” potential.
and Q3, and transistor

ivine an indication when
o

“off-ground”

“zero” condition fo gaie
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delivers a “one” condition to the same gate. At the con-

clusion of the predetermined interval (4.06 milliseconds),
the guard interval timer converts back to a “zero” condi-

16

tion since transistor Q2 is again energized over resistors
R4 and RS5. At this time, gate 20MTCG has a “zero” con-.
dition applied to both input leads and therefore delivers
a “one” condition to monopulser 20MTO0. The latter in
turn is arranged to provide a 20 microsecond pulse over
conductor 20MTeC to the electronic logic circuitry. As
explained above in ceneral terms and hereinafter in- de-
tail, this pulse enables the remote unit to be synchronized
with the control unit.

3.3 Synchronization

In order to synchronize the remote unit and control
unit, a multivibrator is provided at each of the units and
'« shown in outline form for the control unit at FIG. 21

~ as oscillator 21K and for the remote unit as oscillator
'16K. The multivibrator is shown in detail at FIG. 48.

Referring to the operation of the equipment at:the con-
trol unit, the oscillator 21K delivers pulses at a 3200 p.p.s.
rate to the binary cells 21P1BC, 21P2BC, 21P4BC and
21P8BC. The latter divides the 3200 p.p.s. rate by 16 to
give the desired 200 p.p.s. rate with a pulse period of 5
milliseconds. The binary cells permit the selection of up
to 16 pulses during each pulse. period. In the present.
arrangement of the 16 pulse positions available, only three .
are utilized.

3.31 SHIFT PULSE

When the oscillator 21K is energized to deliver its:
3200 p.p.s. cutput to the binary counter cells, the four-
stage counter acts as a frequency. divider to provide a 200
p.p.s. output. In consequence, €Very 5 milliseconds a
pulse sequence is produced irom oates 21PGI1G, 21PGZG
and 21PG3G. A shift pulse is provided whenever gate
31PG1G is energized. As seen from FiG. 21, this con~
dition obtains: when binary cell 21P1BC 1s in the “one” -
condition, binary cell 21P2BC is in the “zero” condition,
binary cell 21P4BC is in the “gne’” condition and binary
cell 21P8BC is in the “zero” condition. At this time, gate
21PG1G will be energized and deliver a pulse over con-
ductor 21SPC, monopulser 27TSMP, gate 27RSG@G, in-
verter 27INV51, and conductor 27RC to the reset inpufs
of the shift register to advance the: information stored 1n
the register.

3.32 “WRITE” PULSE

Gate 21PG2G may similarly be shown to be energized

when the binary cells 21PiBC-21P8BC are respectively

‘n the condition 0110. When gate 21PG2G is- enabled, a
pulse is delivered over inverter 21INVS81,: conductor
21KC, gate 2TWGG, monopulser 27T3MFE, conductor -
27T3C to the input of the first shift: ‘register stage

31SATFF to write a “one” in the first shift register stage.

3 33 CALIL PROGRESS PULSE

Similarly, whenever oate 21PG3G 1s enabled by virtue
of the binary number 1110 in the cells 21P1BC-21P8BC,
respectively, a pulse Is delivered over conductor 21CAC.
This signal extends to ‘monopulser 27T4MP and in turn
to the input to the call progress counter 32CTR1BC-
32CTR16BC of FIG. 32.

Thus, every 5 milliseconds a pulse sequence 18 Pro-
duced from the gates 21PG1G-21PG3G as long as oscil-
Jator 21K is operated.

The operation of the corresponding gates 16PG1G-
16PG3G in resporse to the remote unit oscillator 16K 1s:
similar to that described above for the control unit. In

" order to synchronize the distant units with each other,

the guard interval timer 20GIT0 (see Section 3.26 supra)
is arranged to establish a predetermined state in the binary -
cells equivalent to the stai€ which -would have been

‘achieved after 4.06 milliseconds. Thus, if the remote unit -

initiates transmission to the control unit, the guard inter-
val timer at the control unit will respond to the start pulce
and generate a 4.06 millisecond interval. During this 1n-
terval, oscillator 21K 1s not yet energized but oscillator

75 16K is already- operating - and = triggering the gates
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16PGI1G-16PG3G in the appropriate sequence. After the
predetermined interval of 4.06 milliseconds, the guard
interval timer 286GITO delivers an output through mono-
pulser 20MTOMP and conductor 20MTC to set cells
21P1BC-21P8BC in accordance with the digits 1011,
respectively. During this interval, the corresponding
binary counter 16P1BC-16P8BC has been sct to the same
condition by its local oscillator 16K. At this time, oscil-
lator 21K is energized, as explained herein, and begins
to cycle the counter at the prescribed rate. Since the
binary cells 16P1BC-16PSBC at the remote unit and
21P1BC-21P8BC at the control unit are in the same con-
ditton when oscillator 21X is first energized, synchronism
Is established between the remote unit and the control
unift.
3.4 Trunk selection

As explained above in general outline, 15 trunks re-
main connected through to the office when the concen-
trator control equipment is idle. As a result, after each
service request call or terminating call, all (16) trunks
will be connected through and it is essential to discon-
nect one of the trunks in order to process the next call.

The logic circuitry has been arranged to store the
identification of a trunk which is disconnected on a dis-
connect call for use as the preselected trunk on the next
service request or terminating call, thereby enabling the
appropriate hold magnets to be operated when the line
iformation is provided.

There are two types of trunk selection tunctions. The
first applies to a situation in which 15 trunks are con-
nected to the office and a service request call or termi-
nating call has been made, thereby necessitating a dis-
connect call since all of the trunks are now connected
through. This is referred to herein as a “normal discon-
nect” call.

Special provisions have been made to cover the situ-
ation where, for some reason, less than 15 trunks are
connected to the office. Under these conditions, preference
will be accorded to those trunks which are not connected
through to the office and the procedure is termed a “spe-
cial disconnect” call.

3.41 TRUNX PREFERENCE AND SELECTION ON NORMAL
DISCONNECT CALL

The trunk preferred for disconnection is determined
by a combination of reiays 34TPROI-34TPRSS and reiays
3479 and 34W09. After a trunk has been selected, one or
more of these relays is actuated to change the preference
of the trunk selected for the next call. In this manner a
particular trunk is
sive calls.

The trunk preference circuit is arranged to operate re-
lay 34TPRG1 when battery is supplied to the circuit.

Thus, a path may be traced from negative battery, re-
sistance 341, winding of relay 34W90, contacts of relay
34W80, contacts of relays 34TPROS and 34TPROL to
ground. Relay 3478 does not operate at this fime in View
of the ground condition at both sides of the relay winding.

preferred once during sixteen succes- .,
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Operation of relay 34W¢9 closes an operating path for
relay 34TPRS1 over the normally closed contacts of relay
34Z9. This path may be traced from negative battery, con-
tacts of relay 34TPROS, winding of relay 34TPRO1, con-
tacts of relays 34TPR@1, 34TPREOS5, 3470, 34W0,
34TPRES and 34TPRE1 to ground.

Operation of relay 34TPRO1 completes a locking path
for that relay over its own contacts and removes the
shunt path from the winding of relay 34Z0. The latter re-
lay now operates over g path from negative battery, re-
sistance 340, winding of relay 34720, contacts of relay
34WE to ground.

Operation of relay 28DIS02, as described hereinafter
in consequence of a disconnect call, will cause the pre-
ferred trunk relay 29TK- to operate provided that the
associated trunk busy relay 18TB- is normal and, more-
over, that the trunk busy jack is normal. If either is oper-
ated, relay 29TX- representing the first idle trunk will be
operated. Thus, assuming that relay 29TK15 is the pre-
selected trunk, a path may be traced for the operation of
that relay from negative battery, resistance 250, winding
of relay 25TK15, contacts of relay 29TK15, contacts of
relays I8TBI1S, jack TB15-1, contacts of relays 40CT15,
40CTHMO, 28D1892, 290T0, 29ETO and 29TRK to ground.

The operation of relay 28TK15 will complete a path to
the shift register which may be traced in FIG. 35 from
ground, contacts of relays 36TIS, 28DIS62, Z9TK1S,
¢1G3, 38TISR, conductor C17 to the corresponding shift
register stage 31SC7FF. A similar path may be traced
over the contacts of relay 29TK15 and conductor CI6.
In addition, a circuit is completed for the operation of
relay 298T8 over an obvious path.

The operation of relay 29TK15 interrupts the operating
path for that relay and provides a holding path over
transfer contacts of relay 29TK15 and the contacts of
all lower numbered relays, contacts of relays 41SR 8,
23TER® to ground.

Cperation of relay 290T¢ completes a path extending
to the shift register over conductors BI0 and BI1 and
removes ground from the operating path of relay 29TK 1S,
Relay Z9TRK operates at this time over a path including
ground, contacts of relays 25616, 28DIS2, 29TKOS,
“STKOI-29TK14, 29TK15, winding of relay 29TRK to
negative battery. | |

Operation of the latter relay completes a path to the
solid state logic circuitry to initiate ransmission of the
trunk information as explained herein in detail. In addi-
tion, a ground cendition is applied to relay 34TPREGS over
a path from ground, contacts of relays 39RL1, 29TRK,
38TUK, 28DIS92, 34TPR04, 34TPRO5, ( assuming relay
S4TPR B4 i operated), winding of relay 34TPRGS, con-
tacts of relay 34TPRO4, resistance 346 to negative battery.
Relay 18TBA15 is operated at this time over a path from
negative battery, winding of relay 18TBA1S, resistance
1815, diode 18TB15D, contacts of relay 29TK15, con-
ductor 18TKIC, contacts of relays 28DIS01, 4iTCA1L,
Z3TRK, 38TUK to ground.

The foilowing chart shows sixteen successive calls:

A

After Trunk
34TPR- Relays Selection the Condition
Call Operated From Preferred Following Relays— of 34Z.0/1
Previous Call Trunk Relay
Operate Release
GRPO/1
N BT 00 02/12 . . Released
D 0111, 02/12. T 02 03/13 | - Do.
E, S 01/11, 02/12, 03/13 . .__________ 04 04/14 ¢+ _____ . Do.
- S 01/11, 02/12, 08/13, 04/14 ______ 06 | 05/15 01/11 Do.
B __ 02/12, 03/13, 04/14 05/15_ _____ 08 |cce o __ 02/12 Do.
6 e 03/18, 04/14, 05/165_ . __________ | 10 | 03/13 | Do.
[ 04/14, 05/16. . __ . __ 12 | . 04/14 Do.
8 e 05/15 e i4 01/55 05/15 Do,
9 01y _ 01 0212 |ce e . Operated
10_ . ___._ 01/11, 02/12_ ____._ 03 03/18 {__________. Do.
11 o 01/11, 02/12, 03/13.__.________ 05 04/14 |_________.___ Do.
12 . 01/11, 02/12, 03/13, 04/14______ 07 05/15 01/11 1o.
18 .. 02/12, 03/13, 04/14, 05/15______ 00 | - 02/12 Do.
14___.___ 03/13, 04/14, 05/15 . ___________ | 5 03/13 Do.
15 04/14, 05/15_ __ ____.______ 13 o - 04/14 Do.
16. .. ___ 05/15 15 01/11 05/15 Do,
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3.42 TRUNK PREFERENCE AND SELECTION ON
SPECIAL DISCONNECT CALL

A special disconnect call is. initiated when it is found

that more than one trunk in a group has a released relay
40CT- associated therewith which has resulted .in the
operation of relay 406CHMO. As

over its lower winding and the contacts of relay 257.00.
Assuming that one relay 40CT- is released, the current 1n

the upper winding and lower winding is approximately

is in the released condition. When two
released (indicating: the dis-

equal and the relay
or more relays 40CT- are

connection of the corresponding trunks) the current in-

the upper winding of the relay predominates and causes
operation of relay 46CHMO. The latter relay will remain

operated until all but one of the relays 40C’I- are oper-

ated. -

1t will be noted that when the current is equal.in both

windings, relay 40CHMO remains in the existing condi-

tion. Therefore, when ome trunk is released, relay
40CHMO remains released. Once operated however, relay
40CHM®O remains operated until all trunks: are released.

and the current in the lower winding predominates.

Operation of relay 40CHMO extends a path (in FIG.
29) from ground, contacts of relays Z9TRK, 23ETO,
290T90, 28DIS02, 40CHMO and over the contacts of re-
lays 40CT- having corresponding frunks in the disconnect

condition.
Thus, a path is completed for the operation of the

lowest numbered relay 29TK- having a relay 40CT- in

the released condition. Assuming that relay 29TKO0 is
available, a path may be traced from negative battery, re-
sistance 290, winding of relay 29TK08, contacts of relays

18TB00, (jack TB00-J), contacts of relays: 40CTG0,
40CHMO, 28DIS02, 290T0, 29ET0, 29TRK to ground.

As in the case of the normal disconnect call adverted to
in. Section 3.41 supra, a path will be extended over se-

lected leads to the shift register. Moreover, the operation
of relay 29ET0 will close an operating path for the trunk
check relay 29TRK. Also, as indicated above, the latter

relay will complete a path to initiate the transmission of
trunk .information and operate relay 18TBAOG..

3.5 Line identification

The line identification at the remote unit is determined

seen in FIG. 40, the
latter relay is operated when the contacts of more- than
one relay 40CT- are opened. Relay 40CHMY is biased
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by the line relay individual to the line at the remote unit,

relay 2L- in the case of the remote unit 0, whereas the .
identification at the control unit is determined by the

00

sleeve relay thereat, ie., relay 175L- individual to the
line.
In consequence, on a call originating at the remote unit

(a service request call) a line identification is obtained in
response to the operation of the line relay unigue to the

55
FIG. 13 indicate the operation of a specific tens relay

line. For example, for relay 2L.00 the lockout chains in

131 T9 and a specific units relay 13LUO.

Thus a path may be traced for the operation of relay
13L.TO from ground, contacts of relays 14TM4, 9TKS9,

60

140L, 13L.W, 13LT90, 2100, additional contacts of relay
21.00, winding of relay 13LTO, contacts of relays 41C,

12502, resistance 133 to negative battery. Moreover, a-
path may be traced for the operation of relay 13LU® from
ground, contacts of relays 14TM4, 9TKO, 140L, 13LW,
13070, 2106, diode 13L00D, winding of relay 13LUQ,

contacts of relays 13LUQ, 13L.U9, 13LZ, 13LUS-131.UG,
additional contacts of relay I31L.Z, contacts of relays

13L.T0, 4IC, 12SQ2, resistance 133 10 negative battery..
The first group of relays including relays 13LT- identifies
one of eight groups of ten lines and the second group of
relays designated 13LU- indicates one of ten groups of

eight lines. As will be explained herein, the preference of

the lockout circuits for line identification is reversed after

each service request call to prevent a faulted line from
denying service to the remaining lines,

70
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A similar analysis may be made with respect to relays
251 T- and 25L.U- at the control unit.

The line identification in each instance is transferred
to the shift register. over the conductors AIQ-AI7 and

'BI¢-BI17 of FIGS. 30 and 35 for the control unit identi-

fication equipment and over similarly designated con-
ductors in FIGS. 4, 5 and 10 for the identification equip-
ment at the remote unit.

3.6 Call preference

When a call is initiated, the call preference circuit
shown in FIG. 28 prevents other types of calis or a call
in the other group from starting. Here again, two lockout
chains are provided which reverse preference between

the groups after cach call.

As will be seen herein, the call preference circuit also
prevents a terminating call or a disconnect call from be-
ing initiated if all the trunks are busy. Moreover, a fermi-
nating call cannot start if a trunk has not been preselected.

Assuming that remote unit 0 has initiated a call, relay
41SRO will be operated in the manner described herein.
The contacts of relay 41SRC1 are connected in the call
preference circuit of FIG. 28. As shown therein, the ter-
minating preference relay 28TERO and disconnect pref-

5 erence relay 28DIS8 are arranged in order to prevent the

initiation of other types of ¢alls during the processing of
a partciular call. Thus, the operation of relay 28TERO
interrupts the battery supply to the service denial: relays
28SDP9 and 28SDP1 as well as the release service denial
relays 28RDP® and. 28RDPL.:In addition, the contacts
of relay 28TERY prevent the operation of relay 28DIS60
by opening the battery supply.

Correspondingly, the initial operation of relay 28DIS00
interrupts the operating path for relay 28TERO0 at the.

= contacts of relay 28DISC4.

3.7 Electronic logic circuitry

The electronic circuitry utilized in our concentrator 1§
adapted to provide temporary storage of line and trunk
:nformaticn for transmission between the signaling cir-
cuit, as describad herein, and the electromechanical equip- -
ment. In addition, it controls the flow of information be- -
tween the remote unit and the control unit and determines |
when all of the information has been transmitted. "The -
individual circuits will now be considered in detail.

3.71 BASIC OR-NOT GATE

Referring to FIG. 42, an Or-Not gate is shown. As seen
in FIG. 42, a positive “off-ground” input to the base elec-
trode of the transistor will cause collector current to flow
and will change the potential at the output conductor con-
nected to the collector electrode from a potential ap-
proaching the positive battery connected to the collector
electrode to a potential approaching ground.

Conversely, a ground potential applied to the base elec-
trode would cause the transistor to be nonconducting.

Reference to FIGS. 43 and 44 indicates that a positive
potential applied to either of the two inputs of FIG. 43
or the plural inputs of FIG. 44 will cause the respective

transistor to conduct and provide a ground potential at

the collector electrode thereof.

Since these gates are turned on if one or more inputs
are off ground or high, and since the output potentia/
is ‘substantially at ground, the gate circuits perform . a
logical: OR function and, moreover, they also invert. For
this reason they have been denominated Or-Not gates.

3.72 FLIP-FLOP

A typical flip-flop circuit is shown in FIG. 46 and in-
cludes transistors Q1 and Q2 connected in the conven-
tional arrangement with feedback between the collector
and base electrodes of the transistors. Gutputs are ob-
tained at the conductors labeled “1” and “0”. It being
understood that a “one” condition is represented by an
“off-ground™ potential and a “zero” condition. by a
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ground or “near-ground” potential. Application of an “off-
ground” potential to the terminals connected to resistor
R3 or R® applies a positive voltage to the base electrode

of transistor Qi and turns that transistor on. In this con-
dition there is no drive to the base of transistor Q2 and 1t

therefore is in a nonconducting state. The condition in

which transistor Q2 is nonconducting and transistor Q1 1s
conducting, represents the set state of the flip-flop. The
“0” output conductor is “near-ground” and the “1” output
conductor is “off-ground.” Under these conditions the re-
moval of the input pulse will have no effect since the
transistor QX remains conducting over load resistor R4

and coupling resistor R2. o _
If at this time an “off-ground” potential is applied to

resistor R6, R7 or R8, transistor Q2 is driven into con-

duction and the collector potential drops to “near-ercund”
thereby lowering the base potential of transistor Q1 to

“near-ground” and diverting current from the base elec-
trode of transistor Q1. In the interim, additional base drive
current is supplied to the base electrode of transistor Q2
over resistances R1 and R3. This supply will maintain
transistor Q1 in the conducting condition after the input

ulse is removed. In conseguence, transistor Q1 is in ths

nonconducting condition and fransistor Q2 in the conduct--
29

ing condition representing the reset state of the flip-flop
with an “off-ground” potential at the “0” output and sub-
stantially a ground potential at the “1” output.

3.73 SHIFT REGISTER

Fach stage of the shift register includes a flip-flop cir-
cuit and a monopulser which is used to transmit the
information which is stored in a cell to the next succeeding
cell. Information is stored in a shift register stage by pro-
viding a pulse input, for example to resistor R% of FIG.
46, which as disclosed in Section 3.72 above sets the flip-
flop to a “one” condition. As will be seen herein, the inser-
tion of the “one” condition may be in a serial manner from
the preceding stage or by a parallel insertion through a
gate associated with the flip-flop.

To reset a flip-flop in the shift register, an “off-ground”
potential may be applied to resistors R6-R8 as described
above. For shifting information between register stages, a
shift register monopulser in accordance with FIG. 49 is
utilized.

It will be assumed for purposes of illustration that a
“one” condition is to be transferred from a shift register
stage to a succeeding stage. Assuming that the Hip-flop is
already in the set or “one” condition, transistor Q1 will be
1n the ON condition and transistor Q2 of FIG. 46 will be
in the OFF condition. The input to the monopulser of
FIG. 49 which is taken from transistor QI will be “near-
ground.”

When a reset pulse is applied momentarily to resistors
R6-R8, the flip-flop is reset in the manner described
above. The collector potential of transistor Q1 rises to an
“off-ground” potential in FIG. 46 and turns on transistor
Q1 of FIG. 49. This trigeers the monopulser of FIG. 49
which proceeds to generate an ouiput pulse at the collec-
tor electrode of transistor Q2. As capacitor C2 charges,
current is delivered to the base electrade of transistor
Q2 and when sufficient current flows, transistor Q2 turns
ON. Since the output of transistor Q2 is coupled to the in-
put of the following shift register stage, the flip-flop in
the following stage is set, representing a transfer of in-
tormation between the first and second stages of the shift
- register.

3.74 MONOPULSER

A monopulser circuit used in the solid state logic
circuitry is disclosed in detail in FIG. 47. Although mono-
pulsers of different duration are utilized, the over-all
format is the same. When a ground potential or no poten-
tial is applied to all of the Inputs to transistor Q11 of
FIG. 47, that transistor is in the OFF or nonconducting

condition. Transistor Q12 is energized from positive bat-
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tery over resistor R42 and the potential at the output ter-
minal connected to the collector electrode of transistor
Q12 is substantially at ground. The potential across capac-
itcr C6 at this time is substantially the difference in po-
tential between the collector electrode of transistor Qi1
and the base electrode of transistor (Q12. Since transistor
Q11 is in the OFF condition, the collector potentiai there-
of is determined by a voltage divider action of resistors
R24 and R36. B

An “off-ground” or positive pulse input to any of the
resistors R14-R17 causes transistor Q1% to conduct where- -
upon its collector potential drops substantially to ground.
As a result, a negative pulise is applied at the base of tran.
sistor Q12 to drive that transistor to the OFF condition
whereupon the collector potential rises above ground. A
ieedback is provided between the collector electrode of
transistor Q12 and the base electrode of transistor Q11
over resistance R18. As a result, the input pulse may be
removed without affecting the monopulser operation. The
output potential at the collector of transistor Q12 remains
“off-ground” until transistor (212 is again conducting. The
duration of the OFF period is determined by resistance
R42 and capacitor C6. Transistor Q12 is energized when
the voltage across capacitor C§ rises above the potential
of the base elecirode of transistor QIZ. When transistor
Q12 is energized, the potential at the output terminal con-
nected to the coliector electrode thereof goes toward-
ground. Moreover, as the collector electrode moves to-
ward ground, the base current to transistor Q11 through
resistance R18 is reduced and, as a result, transistor Q11
turns off. Thereupon, the collector potential of transistor
Q11 begins to rise. However, the rise is controlled by an
R~C network including resistors R24 and R36 and capac-
itor C&. This time duration constitutes the recycle time
of the monopulser. |

3.75 OSCILLATOR

-The oscillator shown in outline form in FIG. 16 (16K)
and in FIG. 21 (21K) is shown in detail in Fi1G. 48, As
indicated above, the purpose of the oscillator is to gen-
erate a frequency of 3200 p.p.s. which in conjunction with
a four-stage binary counter provides a 200 p.p.s. clock
rate. |

Basically, the circuit includes 2 multivibrator which
uses an amplifier and an inverter in the feedback path.
Transistors Q1 and Q2 are the active elements of the mul-
tivibrator. Transistor Q4 is an output ampiifier and tran-
sistor Q3 is an inverter for completing the feedback path.
The input to this circuit is at resistance R3 and the output
is connected to the collector of transistor Q4. A ground
condition turns the circuit on and an “off-ground” con-
dition turns the circuit off. |

Assuming that, initially, resistance RS has an “off-
ground” potential applied thereto, the following conditions
exist: transistor Q1 is off and transistors Q2-Q4 are on.

When a ground potentiai is applied to the input, tran-
sistor Q4 turns off since both inputs to transistor Q4
are “near-ground.” When transistor Q4 turns off, a posi-
tive pulse at its collector electrode is delivered over resist-
ance R3 to turn on transistor QX. The latter experiences a
negative pulse at the collector electrode which is supplied
over capacitor C1 to turn off transistor Q2. Transistor Q2
remains off until capacitor C1 has discharged sufficiently
to allow the voltage at the base of transistor Q2 to go posi-
tive. The discharge path for capacitor C1 is through tran-
sistor Q1 and resistance R1.

Since transistor Q3 was initially in the ON condition.
transistor Q2 in turning off has no effect on transistor
Q3. However, the wvoltage at collector of transistor
QZ does not rise immediately due to capacitor C2. The
time required for the voltage to rise to the “off” state
value is the recycle time,

When transistor Q2 turns op atter the discharge of

c%ip-a-citor C3, transistor Q3 is turned off and remains
oif throughout the discharge period of capacitor C2. This
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time for discharge is determined by capacitor C2 and re-
sistors R2 and R9. When transistor Q3 turns off, tran-

sistor Q4 is turned on and the output at-the collector
electrode thereof is once more “near-ground” potential.

This potential is transferred over resistance R3 to turn
off transistor Q1. Capacitor C1 is now prepared to time .
again when transistor Q1 is turned on. Transistor Q1 -

turns on when transistor Q3 turns on as controlled by

capacitor C2. Under these condifions, a full cycle is com-
pleted and subsequent operations continue in the same

manner as long as a “near-ground™ condition 1s. applied
to the terminal coupled to resistor RS.

3.76 BINARY CELL
The binary counters of FIGS. 21 and 32 at the control

unit and FIGS. 6 and 16 at the remote unit include as a
basic element a binary cell shown in detail in FIG. 45.
The cell is equipped with an output amplifier (see FIG.
42) which is arranged to prevent undesirable “loading”

of the cell in driving the succeeding stages.

The cell includes transistors Q1 ‘and Q2. Set Inputs
are applied to resistors R13 and R14 and reset inputs to

resistors R15-R17,
Essentially, the cell is a flip-flop circuit with the in-
clusion of a pulse steering network which provides a

memory for steering the negative-going transient of the
input pulse to the base of the “on” transistor of the flip-

fiop.
The steering network includes capacitors C3 and C4

and diodes CR1 and CR2. The input to the steering net-

work is between capacitors C3 and C4.
1t will be assumed that the flip-flop including transis-

tors Q1 and Q2 ‘is in the stable condition with transistor

Q1 conducting and transistor Q2 nonconducting. The ap-
plication of a pulse to conductor 19 of FIG. 45 will re-
sult in a reversal of conduction ‘in both transistors. 1he

positive portion of the input pulse has no effect since
diodes CR1 and CR2 will both oppose positive current

flow to the bases of the respective transistors. During the
negative-going portion of the input pulse (when the mput

level drops), this voltage change is reflected as a drop be-
low ground potential through capacitors 83 and C4. Since
transistor Q2 is not conducting, the negative pulse will

have no effect thereon. However, transistor Q1 in receiv-
ing a negative pulse at the base electrode thereof will
experience a current diversion from the base of transis-
tor Q1 which therefore becomes nonconductive. The col-
lector potential of transistor Q1 rises and current is steered

through resistance R3 to the base of transistor Q2. A
regenerative action occurs which causes transistor QZ
to turn on and transistor Q1 to turn oif thereby accom-
plishing the desired change in state of the flip-flop. Capaci-

tors C3 and C4 are arranged with a sufficiently small ca-
pacitance to insure that the negative potential causing
the state change is applied for a duration limited to that
needed for switching.

In connecting these stages in cascade, the drive to a
succeeding stage is taken directly from a collector of
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one - of the transistors in the fip-flop and not from the

amplifier. This output lead is shown as conductor i1 in

binary cell.

4—DETAILED DESCRIPTION OF SERVICE
REQUEST CALL

4.1 Line relay and lockout relay operation

Tt will be assumed for illustrative purposes that a call
is being initiated by subscriber ¢ of remote unit 0. AS
shown in FIG. 2 when subscriber § removes his receiver

from the switchhook, a circuit is completed from ground,

contacts of hold magnet SHMAGO, tip conductor TOY,
substation @, ring conductor R60, contacts of hold mag-

net 8HMAS9, contacts of relay $DIS), winding of line-

- > 00
FiG. 45 and corresponds to the “one” condition output

of the binary cell. The amplifiers are utilized to supply -
outputs to all other circuits comprising the load on the

70
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relay 21.66- to negative battery. The operation of the line
relay unique to the customer’s line results in the opera-
tion of a particular tens relay I13LT9 and a particuiar-
units relay 13LU@ which collectively uniquely 1dentify

" the calling line. The over-all manner of operation 1s dis-

cussed in Section 3.5 supra..

Thereafter, relay I3LK operates to verify that one,
and only one, tens relay and units relay were operated.
This' path may be traced from ground, contacts of re-
lay 4TA, winding of relay 13LK, normally closed con-
tacts of relays 13LU%-13LU1, contacts of relay 13LUO,
normaliy closed contacts of relays 13LT7-13LT1 (the
latter not shown), contacts of relays 13016, 14501,
125Q2, resistance 133 to negative battery.

The operation of relay 13LK results in the establish-
ment of a locking path for relay 13LT8 which may be
traced over the contacts of relay 13LT9, diode I3LK1D,
contacts of relay 13LK to ground. Moreover, a locking
path may be traced for relay 13LUG over the contacts
of relay 13LU9, diode 13LKiD, diode 131L.KD, contacts
of relay 13LK to ground.

Relay 13LW is operated over a path from negative
battery, resistance 132, winding of relay 13LW, contacts
of relay 13LW, diode 13LKD, contacts or relay 13LK

to ground. Moreover, the operation of relay 13LK applies

a eround signal to gate 11SRG to initiate the operation
of the logic circuitry.

Previously, selected relays 9TK- have been. operated
to designate the preselected trunk.

4.2 Transfer of information to shift register.

The operation of relays 13LT0 and 13LUY, as de-
scribed, apply a ground potential to selected gates to the
shift register, For example, the operation of relay 13LTO

-~ results in the application of a ground potential on con-.

ductors AI4 and AI7 (FIG. 4) coupled to gates SSA4G
and 5SA7G, respectively. This procedure is, in effect, the.
transmission. of information from the electromechanical

circuitry through the interface to the electronic logic cir-

cuitry. The operation of relay 13LK which applied a
eround potential to gate 11SRG results in the energization

of that gate (if flip-flop 11INCFF is in the reset condi-.

tion). The energization of gate 11SRG results in the set-
ting of flip-flop 11SRFF whereupon the “1” output of the
flip-flop changes to a “one” condition as described in Sec-.

tion 3.72 supra. This signal at the “1” output energizes
gate 11SRPI and results 1n the operation of relay 11SRP.

With counter 6CTR-BC in the reset condition, the output

of gate 6CPOG is a “one” condition. This output is in-
verted in gate 62I to a “zero” condition which is applied
over conductor 6CPAC to gate 1111G. The other input to
the eate from the “0” output of flip-flop 11SRFE causes
a “one” condition output from gate 11I11G. Monopulser
11T1 is tricgered and results in the generation of a 200
microsecond “one” condition pulse. This pulse is applied
over conductor 11T1C to the four cells 16P-BC of the
clock pulse generator causing them to be reset. .

The inverted output of monopulser 11T1 is applied over
gate 1151 and conductor 11INC to all of the input gates
to the shift register. Thus, at gates 5SA4G and SSATG, .
an output is produced which sets flip-flops SSA4EF and
5SA7FF respectively. In a similar manner, flip-fiops
10SB4FF and 18SB7FF are set in view of the application
of ground potential from the contacts of relay 13LUO..

Thus, information representing the identification of the -

calling line has been transferred into the shift register
at the remote unit. It will be noted that flip-fiop 1¢BSFF
is also set at this time over conductor 1XINC. The ener-
gization of flip-flop 1OBSFF represents the insertion of
the preliminary or “start” pulse of the shift register which.
precedes the line identification transmission.

When flip-flop 11SRFF was set, a “zero” condition at
the “0” output thereof was transmitted over conductor
11SROC to gate 16CC2G to energize that gate as well as

gates 16CCEG and to energize oscillator 16K. This oscil-
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lator produces 3200 p.p.s. as described in Section 3.75 and
in Section 3.3 supra. Moreover, gate 16CIG is enabled
from the output of gate 16CC1G and the oscillator 16K.
The output of the oscillator is inverted by gate 16CIG
and coupled to the input of binary cell 16P1BC. As in-
dicated in Section 2.76, these cells change state when the
Inputs at terminal I change from a “one” to a “zero” con-
dition. Since the gate 16CIG inverts the output of oscil-
lator 16X, cell 16P1BC changes state when the oscillator
changes from a “zero” condition to 2 “one” condition.
Moreover, when oscillator 16X changes from a “zero” con-
dition to a “one” condition, gates 16PG1G, 16PG2G and
16PG3G are disabled. When the oscillator changes from
a “one” condition to a “zern” condition, the same gates
are enabled permitting the binary cells 16P1BC-16P8RC
to be monitored when they are in a stable condition.

The input to gate 16PG1G is such that couductor
195PC will have a “one” condition thereon when gates
16PIBC and 16P4BC are set and when gates 16P2BC and
16P8BC are reset.

Similarly, gate 16PG2G provides a “1” output to in-
verter 1661 when cells 16P2BC and 16P4BC are set and
cells 16PIBC and 16P8BC are reset.

Moreover, it may be seen that gate 16PG3G provides
a “1” output to conductor 16CAC when cells I6P1BC,
16PZBC and 16P4BC are set and cel] 16P8BC is reset.

It may be shown from the binary conditions assumed
by the cells that these outputs represent respectively the
fifth, sixth and seventh outputs of oscillator 16K. Since,
as indicated above, the oscillator operates at a 3200 p.p.s.
rate and the binary cells provide a frequency division to
200 p.p.s., the period is 5 milliseconds. During each 5 mil-
liseconds, gates 16PGIG-16PG3G provide a pulse se-
quence in that order. The pulses in the sequence are stub-
stantially 156 microseconds and are separated by an inter-
val of equal amount. The output from the gate 16PG1G
Causes a shift register advance, from gate 16PG2G gates
information into the shift register, and from gate 16PG3G
aavances the binary counter 6CTR-BC.

4.3 Transmission of line identification to office

As explained above, the information representing call-
ing line 00 has now been stored in the shift register and
the clock circuit of FIG. 16 is operating. The first output
from gate 16PGIG energizes monopulser 11T5 to pro-
duce a 10 microsecond “cne” condition pulse, This causes
gate 11RSG to produce a “(” output which is inverted
by gate 1141 and supplied over conductor IiRC to the
reset input of all of the shift register stages.

since flin-flops 10SB4FF, 10SB7FF, 55A4FF, SSATFF
and (0BSFF were all shown to have been storing a “one”
condition, they are in consequence of the reset pulse
shifted to the “zero” state while the remaining stages are
unaffected. Each flip-flop which is reset, produces a transi-
tion from a “zero” condition to a “one” condition at the
“0” output terminal. (See Section 3.73 supra.) This causes
the associated monopulsers to produce a “1” output for a
period of 26 microseconds. (See Section 3.74 supra). This
output from the monopulser is applied to the next suc-
ceeding flip-flop set input terminal. The flip-flop is not
set at this time, however, since the input still remains over
conductor 1IRC. However, since the latter is only 10
microseconds in duration and the monopulser output is
26 microseconds, eventually the input to the reset ter-
minal of each flip-flop is removed and the monopulser
oufput causes the appropriate flip-flops to be reset. Thus,
atter the termination of the reset input, flip-flops 5SSA4FF,
SSAZFF, 16SB4FF and 18SB2FF are sef as well as flip-
fdop 160OSFF. The output of flip-flop 100SFF is applied
over conductor 10Q4C to the modulator gate

the modulator 15M results in the transmission of a signal
over contacts 140L and the send filter 15S8E as well as
power amplifier 15PA to the central office representing
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a start signal. For an explanation of the operation of the
sender circuit, reference may be made to Section 3.8 supra.

it will suffice at this time to indicate that the signal is
transmitted over conductors 15TS8C and ISRSLC to the
receiver circuit € for remote unit O at the control unit.

This 5 millisecond mark frequency start pulse is inter-
preted m the conirol unit after passage through input
transformer 2670, limiter 20L8 and signal present de-
tector ZGSPDO.

4.4 Reception of line identification at office control unit

Since the mark frequency start pulse is a valid signal,
the output of the signal present detector (Section 3.25
supra) does not change. In addition, the discriminator
28D¢ detects the shift from the normal space frequency to
the mark frequency and the cuiput thereof changes from
a “one” condition to a “zero” condition, This causes the
culput of gate 26STEG to change from a “zero” condition
to a “one” condition and the outpui of mverter 26INV3I
to change from a “one” condition to a “zero” condition.
When the “one” condition signal from gate 26ST6G is
applied to guard interval timer 20GITO through gate
ZODMOG, the output changes from a “zero” condition
to a “one” condition. As shown above (Section 3.26),
the timer measures a 4.96 millisecond interval and the
output therecf changes from a “one” condition to a
“zero” condition. Gate 28MTEG is energized and in turn
energizes monopulser 28MTOMP to generate a 4.5
microsecond signal which is delivered over conductor
2GMT8C and conductor ZOMTP to set flip-flop 27PPOFF.
Whien the latter flip-fiop is set, the cuiput of gate 27PPOG
shifts from a “one” condition to a “zero” condition to
operate relay 27IPP and the output of gate 27SRGEG
changes from a “zerp” condition to a “one” condition to
set flip-flop 275ROFE,

It will be noted that the setting of flip-flop 27SROFF
Indicates a service request call in remote unit ¢, Had the
call originated in remote upit 1, flip-flop 27SRIFF would
have been set.

Gate 27SRE1G enables fip-flop 27SROFF which also
etfects the operation of relay Z7ISRG. The latter in turn
causes the operation of relay 4I1SR9 over an obvious path.
Moreover, relay 41SRC1 operates over a path including
ground, contacts of relay 2735R8, diode 215R8C, con-
tacts of relays 37TCF, 56RF, winding of relay 41SRC1 to
negative battery. The setting of flip-flop 27SROFE results
in the disabling of gate Z6DMIG (not shown) over cop-
ductor Z7SR4C thereby denying service to remote unit 3.

The operation of relay 41SR9, as described above, com-
pletes an operating path for relay 38CL1 which may be
traced from ground, contacts of relay 41SRQ, winding of
relay 38CL1 to negative battery. In addition, a locking
path for relay 4iSR6 is completed over the contacts
of relay 3%9RI2 and the normally open contacts of
relay 415RD,

The operation of relay 38011 removes signal tone to
the remote unit not being served.

1he operation of relay 41SRC1, as described. above,
compietes an operating path for relay 36HMF1. This path
may be traced from ground, contacts of relays 41SRCI1,
24ABK, winding of relay 35HMI to negative battery. In
addition, the operation of relay 41SRCI removes battery
from the call preference circuit relays of FIG. 28 at the
contacis of relay 4iSRC1. Relay 41PP is operated over
the contacts of relays 41SRCI and 27IPP. In addition,

relay 36RTR operates if all of the relays 33T- and 331-
are normal.

The operation of relay 415R8, as described above, com-
pletes an operating path for relay 23ESM9 or 230SM &
through relay 28ET9 if the preselected trunk is even-
numbered or relay 290T8 if the trunk is odd-numbered.
Moreover, relay 23E8M9 is operated in response to relay
Z9ET® and relay 230SMO is Operated in response to
relay 290T9.

Assuming for illustrative purposes the trunk 9 is the
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preselected trunk, relay 33ESME will be operated over a

path from negative battery,

In consequence of the operation of relay 23ESMY, an
operating path is closed to
level associated with the preselected relay for
i.e., sclect level §.

It will be noted that battery is connected through a
resistance lamp 231 to each of the select Tevels to prevent
any select level with a false ground from operating. If

trunk 090,

a9 select level fails to operate, the operating path to relay
24SMK will not be closed. As a result, the hold magnets -

of FIG. 24 will be prevented from operating.

When the correct select magnets (which are in the

assumed illustration, 23SMGAS and Z23SMOAS and corre-

sponding magnets in switch B-D) are operated, a path

is completed for the operation of relay 245Mis. There-
after, a path may be traced for the operation of relay

24SMK from negative battery, winding of relay 24SMK,
contacts of relays 24SMK, 28ET9O, 235M-, 23SMOAS to

ground.,

When the guard interval timer 20GITEH operates, as.

described above, to generate a 4.06 microsecond pulse,
the flip-flop 27PPOFF is set and the output from the flip-

flop is delivered to gate Z27TPG to inhibit that gate and
deliver preference to the service request call over any call

originated in the control circuit.

The control circuit obtains preference by changing the
condition to a “zero™

condition thereby changing the output of the gate from a .
“,aro” condition to a “one”. coandition and inhibiting gates.

r k)

input to gate 27TPG from a “one"

20DMEG and 26DM1iG (not shown) over conductor

27TPC. Inhibition of the gates resets the guard inferval
timer 2¢GITS to prevent their subsequent enablement .

thereby inhibiting flip-flop 27PPOFL.
Preference between the two remoie

by flip-flop 27SREFF and. gate 27SRGHG. When the “1”

output of flip-flop 27SREFF changes from a “zero” to a

“one” condition, its application to the reset input of flip-

flop 27SRIFF and to gate 27SRGIG to hold the output
in the “zero” condition. This- arrangement would give
preference to remote
seizure by both remote circuits. The
flop 27SR1FF is connected to gate 20DN¢6 - to disable

the gate when remote unit 1 initiates a call prior to re-:

mote unit .

When flip-flop 27SROFF changed from a “zero” con-
dition to a “one” condition, flip-flop 270TGFF is held in
the reset state.

The sstting of flip-flop 27PPCFY, as described above,
changes the input to monopulser 27T6MP from a “zero”
condition to a “one” condition thereby generating a 10

microsecond pulse which is applied to the input of mono-

pulser 27T4MP. The latfer also generates a 10 micro-
second pulse which is applied to the input to. binary cell
10 microsecond
interval, the output from monopulser T4 shifts ‘to-a

32CTRiBC. At the conclusion of the

“,aro” condition and causes the setting of cell 32CTR1IBC.
The output from flip-flop 27SREFF 1s applied to gate

27SR61G which latter changes from a “one” to a frero”

condition providing an output over conductor 27SROLC to
oate 2LCC2G. The latter enereizes gate 27CC1G and en-
ables oscillator 21k In
abled. The cutput of gate 21ICIGG is delivered to the first
binary cell 2iP1BC. These cells, as. described for the
remote unit, change state when their respective inputs at

terminal I change from a “one” to a “zero” condition (see -

Section 3.76 supra). The gates 2IPGiG, 21PG2ZG and
21PG3G are enabled in 2 manner similar to that described

ahove for the remote unit, and gates 16PG1G-16PG3G.
Here again, the gates are enabled in response to the fifth,

sixth and seventh pulses from oscillator 21K..

When monopulser 26MT@MP produced a 4.5 ‘micre-.

second pulse to set flip-flop 27PP4FF, as described above,

winding of relay 23ESMO, .
contacts of relays 25ETO, 415R®, 36HMF2, conductor
23HMKC, contacts of relays 18HMK, 39R1.2 to ground.

select level 8 as well as the

units is controlled

unit- 0 in the event of simultancous:
“1” output of: flip-

addition, gate ZICIGG is also en-
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response to the reception of a 5 millisecond

28
it also advances the counting circuit of F IG. 21 to a state
corresponding to the elapsed time. measured by guard
interval timer 28GIT§. Since the latter produces an out-
put after 4.06 mitiseconds, the counting circuif is set 10 a

condition corresponding to the thirteenth pulse from- oscil-

Iator 21K. Under these conditions, celis ZIP1BC, 21P4BC
and 21P8RBRC are set and cell 2iP2BC 1s reset. In con-
sequence, -at the time oscillator 21K is energized, the
binary cells are already set to a count of 13.

Since the oscillator 16K at the remote unit is also 1n
ihis condition, control unif counfer 181n synchronism with
the incoming signal and the two distant counters operate -
with a phase displacement determined by the {ransmission

slay of the signals on the sicnaling channel.

7t will be recalled that the control unit was energized 1n
start pulse.
This puise was delivered through the receiver circuit &
and over gate 26DM81G and conductor 28DMOIC to the
input to gate 2TWGG. The latter oate is energized under
control of gate 21PG2G and 1n turn conirols the opera-
tion .of monopulser 27T3MP to deliver information to the
shift register over conductor 27T3C to flip-flop 31SATFF.
In this manner the mark pulse is stored in the shift regis-
ter.

Tt will be recalled that at the remote unit, the shift
register. ‘had stored ‘information in flip-flops 16SB4EF,
10SB7FF, 3SA4FF and SSATEFF.

The shift register at the remote unit 18 advanced under
control of oscillator 16K and the information stored

therein is transmitted to the receiving circuit @ at the re-

mote unit where it is stored in corresponding stages of
the <hift register of the control unit in response 1o the
operation of oseillator 21K In this manner both shift
registers are advanced, the shift register at the remole

5 unit being cleared of the line identification information

and the shift register at the control unit being loaded with
he line identification information, it being understood that
the advance of the shift register at the control unit 15
similar in operation to that explained for the shift regis-
ter at the remote unit. -

In short, the above enumerated nrocedure has resulted
in the transmission of the identification of the calling line
(assumed to be line 86) to the electronic logic circuitry
at the control umnit.

4.5 Registration of “Early” dial tone start

Referring now to the remote unit, it is seen that the
operation. of relay OSEP, in consequence of the setting
of fiip-flop 6P11FF as described above, restilts in the oper-
ation of relay 4EP and relay 9SR. Relay 4EP is operated
over an obvious path and relay 23R operates over the
contacts. of relay 4EP and 4IC. The operation of relay
AEP tesets flip-flop 188SFF over a path including nositive
battery, resistance 183, contacts of relay 4EP and diode
10EP1D. The last flip-flop 1095FF was set since the last
bit of line information in the assumed example was 2
mark..

Operation of relay 9SR results in the operation of relay
13LS over a path including negafive battery, winding of
relay 13LS, contacts of relays SR, 13LK to ground. In
addition, a path is completed to relay 12TRK which
operates only if one of the trunk relays 9TK@-8TK7 and
one of the relays 9TKS8 or 9TK? is operated. Since the
calected trunk is assumed to be trunk @, relay 9TK® is
operated. In consequence, a path may be traced for the -
oneration of relay 12TRK {rom neeative battery, wind-
ing of relay 12TRK, contacts of relay $SR, contacts of -
relays 9TK9, 0TKS, 9TKT7-51K1, TKS, 14RLT, 14RL2

to ground. The previous operation of relays 8$TKG and

OTKS is in accordance with the preselection trunk ¢ as
explained above.

The operation of relay 1ZTRK completes a path through |
the contacts of relays. 2TK# and 9TKS8 to cperate relay
6TSEH associated with the preselected trunk, Thus, reiay .
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YIS58Q is operated over a path from negative battery,
winding of relay $TSE€S, contacts of relays 9TKR, 8TKS,
1ZTRK, 125Q1 to ground. The cperaticn of relay 9TS20
completes a bridge through resistor 21 on the selected
trunk. This path may be traced from conductor T@9 of
FIG. 2, contacts of relay 97899, 95R, resistance 21, addi-
tional contacts of relay 97S68 to cenductor R$9. The
purpose of this impedance bridge is to initiate transmission
of the off-hook signal over the trunk conducior in order
that an originating register in the central office may bse
summoned when the crosspoints in the control circuitry are
closed thereby minimizing dial tone delay. The trunk
path thrcugh the switches is opened at the contacts of
relay 9TSCO to prevent surgses of current through the
crosspoints when thev close.

The operation of relay 13LS, as described above, re-

sults in the gating of line information to the register cir-
cuit (of FIG. 9) and operates the appropriate tens and
units relays of the register in accordance with the oper-
ated relays representing the service requesting line. Thus,
relay 9T9 is operated over a path including negative bat-
tery, winding of relay 9T@, contacts of relays 13LS and
13LTO to ground. Similarly, relay 9U$ is operated from
negative battery, winding of relay $UQ, contacts of relays
13LS, 13LU$ to ground.
- When the appropriate register relays have been oper-
ated, the register check relay 12LRK is operated over a
path including negative battery, winding of relay 12LRK,
contacts of relays 9SR, 9T7-9T1, 9T0, 9US-SU1 and
9U§ to ground. The operation of relay 12LRK provides
a locking path for the register relays of FIG. 9.

4.6 Select and hold magnet Operation

At this time, the select magnets of F1G. 7 are operated
through the contacts of the selected trunk relay (assumed
to be relay 9TKC and 9TKS8) and the trunk check relay
1ZTRK. As indicated above, two select magnets, one
of which is a steering level select magnet, are operated
for each connection on each of the switches A-T3. Thus,
a path may be traced for the operation of relays 7TSMAD
and 75MAS over a path from negative battery, resist-
ance 71, contacts of relays 12TRK, 9TKS$, winding of re-
lay 7SMAS® to ground. An additional path may be traced
over the contacts of relay 9TKS, winding of relay 7SMAS
to ground. The select magnet check relay 7SMK is op-
erated from negative battery, resistance 72, contacts of
relays STKS, 7SMDS, T5MC8, 7SMB8 (not shown),
7SMAS, 7SMAS, 7SMR9, TsMCB, 7TSMD9, 9TK9, wind-
ing of relay 7SMK to ground. -

Relay 70H is operated from negative battery, winding
of relay 70H, contacts of relays 7RH, 7SMK, sXPK1,
9SR, 12LRK to ground. As a result of the operation of
relay. 70H, the operating path for the appropriate hold
magnet 8HMAOG) is completed from negative battery,
resistance 81, contacts of relay 7CH, winding of relay
sHMAGQC, contacts of relays 2U9, 9T0, 7RH to ground.
As indicated above in the general description, the hold
magaets are of the magnetic latching type and remain
cperated until a pulse of reverse polarity is applied as
described hereinafter. The hold magnet check relay
SHMK is operated from negative battery, winding of re-
lay 8HMXK, contacts of relays 70H, 978, $U9, 8HMAGO
to ground. When the check relay 8HMK operates, a path
is completed for the operation of relay 2XPK which
may be traced from ground, winding of relay ZXPK,
contacts of relays 70H, 8HMK, 9TS80, sleeve conductor
of the line through the crosspoint contacts, sleeve conduc-
tor of the trunk, winding of relay 2108 to negative bat-
tery. The operation of relay 2XPK is followed by the
operation of relay 8XPXK1I over an obvious path, At this
time, the crosspoint contacts in the remote unit linking
substation 8 to trunk @ have been closed and checked.
Relay 12SQ1 operates over a path from negative bat-
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tery, winding of relay 12SQ1, contacts of relays 4IC,
35K, 6XPK1, 8HMXK to ground. The cperation of relay
125Q1 results in the release of relay 9TS@0 by the open-
g of the contacts of relay 125Q1 in series therewith.
The latter in turn causes the release of relays 2XPK,
8KXFPK1, and relay 21.88. The operation of relay 125Q1 is
a progress mark in the electromechanical circuit which
indicates that the call has progressed through the stage
of hold magnet operation.

In the interim, at the control unit the operation of
relay 38TUK, described above, completes an operating
path for the hold magnet associated with relays 3376
and 33U® which were operated in the manner described
above in Section 4.3. Thus, a path may be traced for the
operation of hold magnet 1ISHMOASS from ground, con-
tacts of relays 37RSDY, 28D1502, winding of hold mag-
net I9HMOAGBY, contacts of relays 353U0, 3378, 28TERGS.
575098, 41SR0, 3SRL1, 24SMK, 38TUK, resistance 191
to negative battery.,

As usual, the operation of the hold magnet is checked
by the hold magnet check relay 19HMK over a path
from negative battery, windine of retay 19HMEK, contacts -
of relays ISHM8ASG, 33U0, 3376, 41SR$ to ground.
The operation of the hold magnet check relay will result
i the release of relay 23ESM®. The latter in tarn causes
the select magnets to release and close an operating path
for relay 36TISR from negative battery, winding of re-
lays 36TISR, 13HMK, 36HMF2, 41SRC1 to ground. In
addition, a jocking path is completed for relays 33U¢
and 33T@ over the contacts of relay 18HMK in FIG.
33. Relay 46CT00 is operated in conjunction with the
preselected trunk relay Z8TK9O3 from negative battery,
winding of relay 48CTG8, contacts of relays 29TK(0,
41ISRY%, 19HMK to ground. At this time, relay 48CTK
1s operated from necgative Dattery, winding of relay
42CTK, contacts of relays ZS5TKS), 40CTe8 to eround.
Relay 36RTR rsieases at the contacts of relay 19HMK
and in turn causes the release of relay 32IR as showa in
FIG. 32. The release of relay 32IR releases relays 31SA4,
3I5A7, 26SB4 and 26SB7 which were operated in the
manner described above in Section 4.3. In consequence,
the associated relays 41A4, 41A7, 41B4 and 41B7 are re-
leased, in turn releasing relay Z4ABK.

The operation of relay 48CTE0, described above, com-
pletes the comnection of the line to the transmission fa-
ciities as shown by the closing of the contacts of relay
40CTO00 in FIG. 17. The closure of the crosspoints in
the remote unit were described above. In conseguence,
a complete connection extends to the calling subscriber.
When an off-hook condition is received from the subscrib-
er, reiay 17TS88 is operated in series with the preselected
trunk. The central office proceeds with a dial tone cail
which may be, for example, in the manner described in
Patent 2,585,904 of A. J. Rusch of February 19, 1952,
relating to No. 5 crossbar telephone switching systems.
When a ground is placed on the sleeve lead in the conven-
tional manner, as described for example in the above-re-
ferred-to patent of A. J. Busch, relay 18TBADD will be
operated over a path from negative battery, winding of
relay 18TBAGS, resistance 1560, diode 18TBESD, sleeve
conductor of switch A through the selected CIOss-points
to the ground condition applied in the central oifice over
line 8¢ of FIG. 22. The operation of relay I8STBA®D in
this manner closes a path for the operation of relay
18TB3G over an obvious path. In addition, the winding
of relay 17TS69 is short-circuited and relay 17TS00 is
released.

At this juncture it may
path extends to the calling
upon proceed to
Iine number into
the central office. |

Nevertheless, at this time a check is undertaken to

verify that the line is connected to the correct trunk as
explained in the iollowing section.

be recognized that a complete
subscriber and he may there-
dial information representing the calied
an originating register (not shown) in
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4.7 Transmission of trunk information to reinoie unit

When relay 36 TISR operates,,

tion to the electronic logic circuitry of the. control unit.
Thus,

of flip-flop 31SCTFF. A similar path may be traced for
conductor CI4 and flip-flop 31SC4FF. Thus, the trunk
aumber is stored in the flip-flops 31SC-FF. The trunk
steering level: number is - stored in flip-flops 26SB-FF.
Specifically,

stores this information in response to an input from mono-

pulser
27INC.

41SRC1 to ground. The operation of relay 36SS results

in the initiation ©f the transmission of trunk information

to the remote unit as a fesult of the closure of the con-
tacts of relay 36SS in FIG. 27 at the input to gate
vTCKTG and the subsequent energization of oscillator

21K in the manner described above. The energization of

gate 27CKTG results in the activation of monopulsers

27TiIMP and 27T2MP. Moreover, the output from gate

as described above, paths:
are completed for the transmission of the trunk informa-

a eround condition is connected through the con-. -
tacts of the operated relay 41SRJ, contacts of relays
20TK 00, 41G1, 36TISR, conductor CI7 to the input gate

the closure of the contacts of relay 29ET0
results in an input condition over conductors Bl4 and BI7
‘to gates 265B46 and 265SB76. ‘As usual, the shift register

It

10

2TTIMP -over inverter 27INV1I and conductor
The operation of relay 36TISR also completes an
operating path for relay 36SS from negative battery, con-
tacts -of relays 36RTR, 34RC1, 41EP, 380190, 36TISR;

»7CKT1G is now. a ground condition. Monopulser

27T2MP generates a 150 microsecond pulse which

through gate 27RSG, inverter 27INV3I .and conductor

30

27RC is applied to the reset inputs of the shift register.

Monopulser 27TIMP

which eates information into the register

above. | |
In the interim, gates 21CC2G and 22CCI1G are en-

as described

abled to generate a sequence of pulses in conjunction with

oscillator 21K and gates 21PG—G that advance the shift
register in the manner described above at Section 3.73.
When the counter 32CTR-BC advances 10 a count of

19CP22-1 disables gate 21CC2G arrésting oscillator 21K.

In addition, relay 32IEP is operated over the contacts of

relay 41SRC1 and inverter 32PF2201. The latter is an indi-

cation that the trunk identification has been transmitied

to the remote umnit.

4.8 Trunk number storage in shift register at remote urit

It will be recalled that the trunk number is already
known at the remote unit and, in fact, that a connection
50
unit. Nevertheless, the remote unit receives the informa-
tion representing the trunk identification as transmitted.

already extends over the preselected trunk to the control

from the shift register at the control unit for checking
PUrnCses.

Thus, when the
the control unit, the guard interval timer 15GIT  is
operated, as described 1n Section 3.26, and flip-flop

generates a 200 microsecond pulse

preliminary pulse is transmitted from

45

55

11PPFF (the preliminary pulse flip-fiop) is operated in a
manner corresponding to its counterpart at the control

unit. When flip-flop 11PPFF is set, the 1" output thereof.

60

oes from a “zero” condition to a “one’” condition. Relay
£

11ST ‘is operated, as a result, over inverter 11PPOL In
addition, monopulser 11T6 is energized and in turn ener-

gizes monopulser 11T4. Monopulser 11T§ remains dis-

abled while flip-flop 11PPFi* is set as described in Section

65
3.74. Monopulser 11T4,  however, generates an - output

pulse when triggered by gate 16PG3G. Binary counter

G6CTR1IBC responds to monopulser 11T4 to change from
the set condition to the reset condition and cell C6TR2CEB

in turn changes from the reset condition to the set condi-

tion. This condition of the counter corresponds fo the

reception of the twelfth pulse from gate 16PG3G. As
a resulf, gate 6CPL11G 1S

over conductor 6CP1iC and, in cORsequence, energizing

disabled and the output thereof
.« in the “zero” condiiion which enables gate 16CC2G

| 75

70
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oscillator 16K over gates, 16CC2G and 16CC1G. The -
information from the control unait is stored in the shift
register at the remote unit in a manher analogous to
that described for the storage of the information repre-
senting the line identification at the control umnit.

‘When control 6CTR-BC reaches a count of 22, gat€
&6CP22G is enabled and over conductor 6CP22C disabies
oate 16CC2G as well as gate 16CC1G and oscillator 16K.
In addition, relay 6SR@ is energized over inverter 6P2201
and the contacts of relay 4IC. The latter is an indication
that all of the trunk information is received in the elec-.
tronic logic circuitry and is awaiting. transfer to the elec-
tromechanical equipment.

4.9 Trunk number translation and match check at
renmiote unit

When relay 6SRY operates, in the manner described
above, relay 4R0 is operated -over an obvious path and .
relays 5SA4 and 5SA7 as well as relays 10SB4 and 10SB7. .
are operated over the contacts of relays 4RO, 125Q2,

‘4IC and resistance 101 to positive battery. Relays 4A4

and 4A7, 4B4 and 4B7, are also operated over obvious
paths. Relay 14TKA is operated over the contacts of re-
lays 125Q2, 95R, 14S01, winding of relay 14TKA to

. negative battery.

- Relay 9TNK operates over a path which may be traced -
from negative battery, winding of relay 9TNK, con-
tacts of relays 14TKA, 4A4, 4A7, 14TKA, 9TKS, 9TKO,
14TKA, 4B7, 4B4 to ground. .

The operation of relay 9TNK 1s a vertification that
the number of the trunk received is the same as the
number of the trunk utilized for the connection. Relay
12ABK operates as a check that two, and only two, of
each of the reldays 4A- and 4B- aré operated. Thereafter,
relay 128Q3 is operated from negative battery, winding
of relay 125Q3; contacts of relays 4IC and 12ABK to
ground. . Operation of the latter relay is- a call progress
indication of the successful reception of trunk informa--
tion.

22 gate 32CP22G is enabled and over conductor 40

4.10 Release of trunk register at remote unit’

When the control circhifry completes the transmission
of the trunk information, as described in Section 4.7, it
causes the signal pair to the remote unit to be opened at
the -contacts of relay 380L0 in the manner described.
Since both valid signaling frequencies (mark and space )
are missing, the output of the signal present detector
15SPD is changed from a “zero” condition {0 a “one”
condition (See Section 3.25). In consequence, the output.

of inverter 15STAI changes from a “one” condition to a .

“;ero” condition to operate relay 15STA. When the latter
relay operates, relay 4TA is operated over an ~obvious. :
path and completes a path for the operation: of relay
14RL1. After the operation of relay 14RL1, relay 14RL2 -

-is operated.

When relay 14RL1 operates, the locking path for relays
9TKD and 9TKS are opened at the contacts Or relay
14RL1. The release of relays 9TK0 and 9TK8 resvlts in -
the release of relays 12TRK, 70H, SHMK and 7SMK.

In addition, select magnets. TSMAQO and 7SMAS8 are

released at the contacts of the respective trunk relays
STKO and 9TKS.

Operation of relay 14RL2 resulis in the operation of
relay 140L over a path from ground, contacts of relays
9SR. 4TA, additional contacts of relay 9SR, contacts of
relay 14R12, winding of relay 140L to ground. .

Operation of relay 140L results in opening the signaling
pair to the control unit at the contacts of relay I40L in
sender circuit 0 of FIG. 15. As will be shown herein, the -
control unit responds by enabling the contrcl pair to the.
remote unit thereby activating signal present detector
15SPD to release relay 15STA, in turn releasing relay 4TA..
Release of relay 4TA results in the release of relay 14RL1.

When relay 14RL2 has operated and relay 14RL1 has
released, as described, relay 14RLS i$ operated over the.
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contacts of relays 14RL1 and 14RL2. Thereupon, a reset
pulse is transmitted from positive battery, resistance 63,
contacts of relay 14RLS, and conductor 6RLSC to reset
flip-flops 11PPFF, 11SRFF, 6P11FF, as well as cells
6CTR-BC and the shift register.

When flip-flop 11PPFF resets, the output of inverter
131PPOTI changes from a “zero” condition to a “one” con-
dition and releases relay 1iST. In the interim, the re-
setting of the flip-flops and the shift register result in the
release of the associated relays 55A- and 10SB- as well
as the corresponding relays 4A- and 4B-. .

The resetting of the counter cells 6CTR-BC changes
the output of gate 6CP22G from a “one” condition to 2
“zero” condition in turn causing the output of inverter
6P2201 to change from a “zero” condition to a “one”
condition thereby releasing relay 6SR0O which in turn re-
leases relay 4R0. When flip-flop 6P11FF is reset, the out-
put of gate 6P110T1 changes from a “zero” condition to
~a “one” condition to release relay 6SEP which in turn
releases relay 4EP. The latter relay in releasing causes
relay 9SR to release and, in consequence, relays 125Q1-
125Q3 release as well as relay 14TKA. Release of relay
125Q1 causes the release of relay 12LRK and removes
the locking ground from relays 9T6 and U9 which there-
upon release. The release of all the control relays in
turn causes the release of relay 14RI.2 which effects
the release of relays 14RLS and 140L. As usual, when
relay 140L releases, the signal pair to the control unit
1s again closed which serves as a signal to the control unit
to complete its own release.

4.11 Release of electromechanical circuit at control unit

When the remote unit opens the signal pair to the con-
trol unit at the contacts of relay 140L, as described in
the preceding section, relay 20ITAS is operated by signal
present detector 20SPD8. Subsequently, relay 4iTA0 is
operated over an obvious path. Relay 39R11 overates from
ground, contacts of relays 41EP, 41PP, 41SRCI1, 38011,
S80L0, 41TA1, 41TAO, 28SDPO, 28SDP1, 39RLZ,
37TM2, winding of relay 39RL2 to negative battery.
Operation of relay 39RL1 releases relay 29TK00 cor-
responding to the selected trunk. The latter in turn causes
the release of relay 28ET®. In addition, the operating
path for relay 38LK® is interrupted. Battery is removed
from the hold magnet operating circuit at the contacts of
relay 39RL2 as well as the call preference circuit. A
locking path is completed for relay 39RI1.1 which checks
for the release of relays 33T¢, 33U9, 24SMK, 19HMK
and 24ABK.

An operating path is completed for relay 28D0¢ from
negative battery, winding of relay 28D9, contacts of relays
41SR®, 32RL1 to ground. Moreover, relay 39RL2 is op-
erated over the contacts of relay 39TM3, contacts of
relays 28DIS02 and 39RL1 to ground. Relay 37TM2 is
operated over the contacts of relay 39RL1. The opera-
tion of relay 39RL2 opens the operating path of relay
39RL1 and relay 39TM3. Relay 24NK is operated over
the contacts of relay 39R1.2 and the contacts of previously
operated relays 41A- and 41B-. In addition, the locking
paths for relays 24SMK and 33T¢ and 33U¢ are opened
at the contacts of relay 39RL2. When relays 3379, 33U0,
19HMK, 24SMX have released and relays 39RI2 and
28DC0 have operated, relay 39RL1 releases. If relay
39RL1 did not release before relay 37TM2, the opera-
tion of (slow-to-operate) relay 37TM2 opens the operat-
ing path of relay 39RL1 and operates an alarm circuit
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signal in FIG. 32 from positive battery, resistance 324,
contacts of relays 41TA®, 39RL1, 32R12 and conductor
32RLSC to reset cells 32CTR-BC, as well as flip-flops
27PPOFF, 27SROFF and the shift register flip-flops which
were set during the call. When all flipflops are in the
normal condition, the circuit is prepared to receive addi-
tional information. The resetting of the flip-flops causes
the release of relays 27IPP and 27ISRO. The release of
those relays in turn causes the release of relays 41PP,
415R0, 41SRC1 and 41EP. Release of relay 41SR0 causes
the release of relay 380LO. As seen in FIG. 39 when

relay 24NK has operated and relays 41EP, 41SRC1 and
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(not shown). The release of relay 39RL1 opens the op- -

erating path of relays 37TM2 and 380L0. The release of
relay 380L0 again closes the signal pair to the remote
unit which, as described in the preceding section, -will
cause the remote unit to close a signal pair to the control

unit.

In response to the closure of the signal pair to the
control unit, the signal present detector 20SPDO again
releases relay 20ITAQ. When the latter relay releases,

relay 41TA0 is released which in turn applies a reset

70

75

41TAQ have released, relay 32R1.2 releases, in turn releas-
ing relay 24NK. Release of relay 38011 again restores
the connection to the remote unit not being served. Sub-
sequently, when the remote unit serving the call nor-
malizes, the signal pair to the control unit is compileted
and relay 41ITA® releases, in turn releasing relay 41TAG.

5.—DETAILED DESCRIPTION OF TERMINATING
CALL

5.1 Start signal to remote unit

It will be assumed for purposes of illustration that a
call is being initiated from a remote central office to
subscriber ¢ of FIG. 2. The call proceeds through the
distant office and the local central office in the conven-
tional manner. Ultimately, in accordance with the above-
referred-to patent of A. J. Busch, a ground is placed in
the central office line circuit on the sleeve conductor of
line 09 of FIG. 22. This results in the operation of relay
175L60 over the sleeve conductor, contacts of relays
285C00, 1I9HMOAODS, winding of relay 17SL8¢ to nega-
tive battery. Operation of relay 17SL00 completes a path
for the operation of the identifying relays in the line lock-
out circuit unique to line 00 (and substation 0). Thus,
relay 25LT00 is operated and completes a path for relay
25L.Ud0,
~ Moreover relay 28TERG is operated over a path from
ground contacts of relays 39RLI, 39RL2, 22TGBS,
25LTe0, 41TAOD, 2980T, 29ETC, 28DIS06, 28DIS10,
28D9, winding of relay 28TER®, contacts of relays
231ERS, 3473, 28TER1, 28TER®, 34Z3, 41SRC1, re-
sistance 289 to negative battery.

it will be noted that the line lockout relays 25LT- and
Z5LU- are arranged in a chain to prevent other relays in
the chain from operating after one relay has gained pre-
ference and operated. The preference chains are arranged
over the contacts of relay 25Z0¢ to reverse preference
on succeeding calls. |
The operation of relay 25L.U88 completes a path for re-
lay 38LK® to check that one, and only one, relay 25L.T-
and relay 25LU- have operated as shown in FIG. 38.
Operation of relay 28TER®, as described above, opens a
path at the contacts thereof to relays 28DIS00, 285SDP§
and Z8RSDPO0. Moreover, a path is completed for the
operation of relay 41ATCO0 from negative battery, wind-
ing of relay 41ATC00, contacts of relay Z8TERY to
ground. R |

Operation of relay 28TERS also completes an operating
path for relay 41116 and extends a ground condition to
the logic circuitry over gate 27TPG and the contacts of re-
lay 38LK0. Moreover, a path is completed for the opera-
tion of relay 23ESMO associated with line 09. Operation
of the relay 41LI0 completes a path through the operated
relays 25LT00 and 251.U09 to the shift register circuit as
seen 1n FIG. 30. In consequence thereof, signals are ap-
plied to conductors -AI4 and AI7 as well as BI4 and BI7
to steer the identification of the called line in the corre-
sponding shift register stages 315A4FF, 31SA7FF,
265B4FF and 26SB7FF. Moreover, an operating path is
completed for relay 380L1 which may be traced from
negative battery, winding of relay 380OL1, contacts of re-
lay 41ATCO1 to ground. Relay 41ATCO1 operated over an
obvious path including the contacts of relay 41ATCH0.
The operation of relay 380L1, as shown in FIG. 27,
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blocks service request calls from gaining preference and:

initiates the transmission of dine information and call
it will be noted
that the stage 31SC4FF and 31SCTFF were operated over
comductors CI4 and CI7 and the contacts of Telay

type to the remote circuit. In this respect

28TERS..
‘Operation: of

tacts of relays 39RL2, 4TATCO0, 2511500, 41TCA1, wind-
ing of relay 33U0 to mnegative battery. A corresponding

path may be traced for relay 33T0.

59 Transimission of -information stored in shift register

When relays. 380L0, 41TCA1 and 38TUK: have op-
erated, additional paths are completed to the electronic
logic circuitry to initiate the transmission of the anforma-

tion stored in the shift register. The operation of relay
380L1, as descr.bed above, opens the signal pair to re-

mote unit 1 which is not processing the call. The operation -

of relay 41ATCO1 initiates the operation of the over-all
timer circuit of FIG. 37. As discussed above, the opera-

tion of relay 380L1 which opened the signal pair.from the -

control unit to the .inactive remote circuit results in the
operation of the signal present detector at that remote-unit

which in turn is operative to remove the spacing frequency

normally applied on ‘the control pair to the control cir-

cuit. In consequence, the signal present detector 20SPD1
(not shown) detects the removal and ‘operates relay .

20ITA1 (not shown). |

When flip-fiop 270TGFF is set over a path from. posi-
tive battery, Tesistance 271, contdcts -of: relay 380L1,
41TCA1, Z8TER® and 38LKO, the “0” ‘output thereof re-

turns. to the “zero” condition. Since thie counter 32CTR~
BC is in the normal condition, the output of gate 32CPUG
is a “one” condition. This condition is inverted through

gate 32INV61 and is-delivered over conductor 32CP0=0

to- the input of gate 27IGCY. ‘As 2 result, the output of

that gate is transferred to the “one” condition and mono-.
the information into .
the shift register and reset-all’ot the counters 24P-BC as
oscillator 21K is energized
under the control of gate 21CC3G and controls the gates
51PGIG through 21PG3G which in‘turn operate the shift

pulser 27TIMP is activated to gate

described in Section: 4.8. The

register until gate 32CP16G: is energizéd by the counter
which in-turn disables gate 21CC3G and ariests the opera-
tion of oscillator 21K. |

As usual, when the first shift pulse 1s produced from
gate 21PG1G, all of the information in the shift register
- transferred and the output of flip-flop 310SFF changes
from a “zero” condition to a *“ome” condition to transmit
the preliminary puise.

The remainder -of the
is transmitted in the manner

b

described above for 4 service

request call. After each shift pulse is generated from gate

21PG1G, a “write” pulse 18 cenerated by gate 21PG2G.
Since the latter pulse is unnecessary at
“write” eate 27WGG is inhibited by gate 27WIG which
Tatter will block _ .
oate 3ZCPI6G is set and all the information has been
transmitted from the shifit register at the control circuit.

In the interim at the remote unit, the transmission
pulse is detected in the -

of the start pulse or preliminary detected i
usual manner by the signal present detector (Section 3.25)

and discriminator (Section 3.24). G;;a”fe;_lfS'S'IG- is operated,
i4 the manmer described above, and the “one” condition
signal from the gate 1s ap plied to timer 15GIT which in -

turn enercizes gate 1ISMTG and monopulser ISMT to set
flip-flop T1PPFF over conducter 15MTC. When: the latter
fiip-flop is set, the input to inverter
o “one” condition to a “zero” condition to- operate relay
{1ST. In addition, gate T1ING 18 epergized which i turn
catises the setting of flip-flop- {INICFF. Relay 1ISRP is
released and relay 11SIC is operated as well as relay 4IC.

relay 41TSA1, as described above, com-
pletes an operating path through relays 41ATC00, 250100
and 25LUQ0 for the corresponding register relays 33T0:
and 331U0. Thus, a path may be traced from ground, con-.

information i the shift register

this fime, the

A1 of the “write” pulses until after

11PPOT changes from
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Jatter applies a 10 microsecond

fication information, as- indicated by
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Operation of these relays results in the release of relays
13LU-, 13LT- and 13LK permitting the processing of a
terminating call. In consequence, if a service request call’
was actually in process at this time, the terminating call:
would be accorded preference. But, if the service request .
call had advanced to the identification of line information, :
relay 9SR would have operated to inhibit gate 11ING and
prevent the setting of flip-fiop: T1IINCFF. The time at.
which the starting pulse from the control unit arrives at the
remote unit therefore determines the preference. If the
pulse arrives before the line identification has been trans-
mitted, the control unit obtains: preference. If the pulse -
arrives after the line identification has been transmitted,
the remote unit retains control of the call.

The setting of flip flop T1INCFF, described above, -
energizes monopulser 11T6 to generate a 10 microsecond
“one” condition pulse which is applied to monopulser -
11T4. The latter generates a 10 microsecond “otte” condi-
tion pulse which is applied to binary cell 6CTRIBC. At
the end of the timing interval, the cell' is set. The “zero”
condition from flip-flop ITINCFF is applied to gate
16CC3G over conductor TIINCIC. Oscillator T6K is sub-
sequently energized over gate 16CC1G in the manner de-
scribed above for a service request call. The operation of
the shift register in storing the information transmitted
by the control unit is also similar to that described above
fora service request call. -

Oscillator 16K is arrested by ‘gate 13CC3G when gate
6§CP16G of the counter is energized. Thus, a path may be

traced through inverter 68I, conductor 6P160C, gate

11CKTILG to gate 16CC3G. It will be noted that when
the counter reached a count of 6, gate 6CP6G is energized.
and a signal is applied through inverter 6CPBAT and con~
ductor 6CP6C to gate T116G and monopulser 11T83. The
pulse to inverter 111l
which in turn energizes (over conductor 11T5C) the in-
puts to gates SCI-G. The other input to these gates 1s
from the shift register flip-flops SSA-FF. Thus, those flip- -
flops which are set will produce -an- equivalent setting in
the corresponding flip-flops 5SC-FF. Since the call is 2
terminating call, it is assumed that flip-flops 5SC4FF and
5SCTFF will be set, in turn operating relays 5SC4 and .
5SC7. When the latter relays operate, the corresponding -
relays 4C4 and 4C7 are operated and check relay 12CK

" r

‘is operated, -in' turn -causing. he operation of relay 9TER

over a path including the contacts of relay 12CK, 4C4 and
4C17. Operation of relay 9TER causes relay - 12TRK. to .
operate. Relay 14SI1 is operated over an obvious path-
{0 transmit the line identification when it is received to the
register. o B | o

It will be noted that the operating path for relay 12TRK
included the operated contacts of relays 9TK0 and: 9TKS.
The latter relays were operated to identify the preselscted
trunk (again assumed to- be trunk 0). When the trunk
check relay 12TRK is operated, telay 9TS00 associated |
with the preselected trunk operates and opens the trunk .
path- through- the crossbar switches as shown in FIG. 2
to prevent current. surges through the crosspoints when
they close. -

After telay 12TRK is operated, the select magneis
TSMAQ and TSMAS e operated in' the manner described
above and rélay 7SMK is operated in the usualmanner {0
verify the correct opérdtion of the select magnets.:

When the remote unit has received- all of the line identi-
the energization of
date 6CP16G, iclay 6SRO 1§ operated through. inverter
6P1601 and the contacts of relay 41C. Relay 4R 0 15 oper-
aied at the contacts of rélay 6SRO and- the appropriate
relays representing the line identification are operated; 1.€.;.
relays 5SA4, 5SA7, 16SB4 and 16SR7. Relays 4A4, 4AT,
AB4 and 4B7 are theréupon: operated in the usual-manner
and check relay 12ABX is operated. When the latter relay
is operated, as well as relay 12CK, relay 12801 operaies
as a call progress indication indicating reception of line
information as well as call type. An operating path for
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relay 14S92 is now closed to steer the trunk information
into the shift register as shown in FIG. 4. Since the pre-
selected trunk is assumed to be trunk 0, information is
delivered over conductors Al4, TI7, B4 and BI7 to the
corresponding shift register stages where it is stored.

The operation of relays 4A4, 4A7, 4B4 and 4B7, dis-
cussed above, completes a path through the contacts of
relay 14511 to operate the register relays 979 and 9U0 in
a manner similar to that discussed for a service request
call. As usual, the check relay 12LRK is operated to
verify that the register relays have correctly operated. The
operation of the hold magnet is similar to that described
in Section 4.6. |

5.3 Select magnet operation and hold magnet operation
at control unit

In the interim at the control unit, when relay 23ESM0
1s operated, as described above, the select magnets associ-
ated with the preselected trunk will operate in the man-
ner described above for a service request call. However,
if relay 24SMK fails to operate or if relay 23DSM oper-
ates, then relay 37TCF will operate. |

Assuming that relay 24SMK operates in the normal

manner, as described for a service request call, the ap-
propriate hold magnets associated with the operated relays
33T¢ and 33U90 will be closed, also as described above.
When the hold magnet 19HMOAGS is operated, the sleeve
relay 17SL6® is also operated. A ground condition is
applied on the central office sleeve leads through the
operated crosspoints to energize relay 18TBA9L, also in
the manner described for a service request call. Relay
18TBO@ operates over an obvious path and the operation
of the hold magnet check relay 19HMX causes the release
of relay 24ESM{$ which in turn releases the select mag-
nets utilized in the call, At this time the networks at both
the remote unit and the control unit are operated.
In the interim at the remote unit, when relay 12SQ2 is
-operated (after the hold magnet is operated) a path is
completed for the operation of relay 14CKT which latter
energizes gate 11CKTG to reset flip-flop 11PPFF and
to trigger monopulser 11T2 which clears the line informa-
tion by resetting the shift register over gates 11RSG, in-
verter 1141 and conductor 1IINC. Moreover, mono-
pulser 11’11 is energized and over inverter 1151 and con-
ductor 11INC gates the trunk information into the shift
register over conductors AI4, AI7, BI4 and BI7. The out-
put of monopulser 1IT1 resets counter 16P-BC. Gate
16CC3G is reenabled and oscillator 16K is energized.
Again, the gates 16PG1G-16PG3G are operated to ad-
vance the information in the shift register through the sig-
naling circuit as described for a service request call. The
operation continues until the counter gate 6CP27G
changes from a *“zero” condition to a “one” condition and
disables gate 6CC3G over conductor 6CP27C. Relay 6SEP
-is operated over inverter 6P2701 to indicate that the trunk
identification has been transmitted to the control unit.

The trunk information is stored in the control unit in a
manner similar to that described for the reception of line
information on the service request call with the exception
that the oscillator 21K is controlled by gate 16CC3G and
the counter is arrested by the energization of gate
32CP27G. _‘

- When reiay 32IEP is released, in the manner described
for a service request call, relay 4IEP releases. At this
time, relay 41PP is operated over the contacts of relays
41EP, 38TUK, 41TCA1 and 27iIPP. The operation of
relay 41PP completes an operating path for relay 36TIS.
- The operation of relay 36TIS completes a path for relay
24NK, in the manner described above, and releases relays
25LT00 and 25LU60. Relay 36TCCH is operated over
the contacts of relays 36TIS and 28TER®. Relay 38010
is operated over the contacts of relays 36TIS and

41ATCO1.
As usual, the operation of relay 38010 opens the sig-

-nal pair to the remote unit, as shown in FIG. 20, to in- ¢
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dicate to the remote unit that the first pulse was received
in the control circuit and also conditions the remote cir-
cuit for release. -
The opening of the signal pair by the control unit is
detected as usual in signal present detector 15SPD to
cause the operation- of relays 15STA and 4TA. The op-
eration of relay 4EP after the trunk information is trans-
mitted in conjunction with the operation of relay 4TA
causes the operation of relay 140L over a path which
may be traced from ground, contacts of relays 11SRP,
4TA, 4IC, 4EP, additional contacts of relay 41IC, wind-
ing of relay 140L to negative battery. The operation of
relay 1401 opens the signal pair to the control unit
which responds by operating relay 20ITAO as a signal
to the control unit to release.
- Prior thereto, the operation of relays 20ITA0 and
41TA0 completes an operating path for relay 32IR over
the contacts of relay 2dNK when gate 32CP27G is Op-
erated. The operation of relay 32IR completes a con-
nection to relays 26SB- and 31SA- which operate ac-
cording to the trunk information stored in the shift reg-
ister. The relays which are operated in this case repre-
senting trunk 0 correspond to relays 26B4, 26B7, 31SA4
and 31SA7. Subsequently, relay 24 ABK checks the op-

eration of these relays.

5.4 Trunk check on terminating call

As indicated above, the trunk information represent-
ing the connected trunk at the remote unit has been trans-
mitted to the control unit and stored in the register there-
at. It remains now to verify that the trunk identity trans-

‘mitted from the remote unit (illustratively trunk Q) is the

same as the trunk stored in the register at the control

The operation of relay 24ABK as described above,
completes an operating path for relay 36RF which may

be traced from ground, contacts of relays 36TIS, 24ABK,
41A1, 41A7, 41B4, 41B7, winding of relay 36RF to nega-

tive battery. In addition, a path is prepared for relay

STICF and relay 23TCK.

It will be noted that relays 36RF and 37TCF are Op-

erated only in the event of a trouble condition, relay
36RF in the event of a remote circuit failure and relay
37ICF in the event of a trunk check failure.

The operation of relay 23TCK is effected from nega-

tive battery, resistance 231, contacts of relays 24ABK,
36TCCY, 40CTO6, 29TK00, 36TCCO, 41B7, 41B4, 41A4,
41IAT, 36TCCH, 28ET0, 23DSM, winding of relay 23TCK

‘to ground. The operation of relay 23TCK completes a

path for relay 46CT06, which in turn completes the cir-
cuit through the ring conductor of the trunk extending
to the remote unit as shown in FIG. 17. =

Relay 40CTK is operated from negative battery, wind-
ing of relay 40CTK, contacts of relays 29TK09, 40CT00
to ground. Select magnet 23SMOAQ is released at the con-
tacts of relay 40CT09. The operation of relay 49CTK
completes a path for the operation of relay 39RL1 which
in turn opens the locking path for relay 38LK® as well
as the path for hold magnet 19HMOSA. In addition,
relay Z8TERGO is released at the contacts of relay 39R11.

Relay 28D0 is operated as is relay 39RLZ. Relay 29TK6¢
18 released at the contacts of relay 39RL1. Release of

relay 29TK0@ completes a locking path for relay 40CT00.
In addition the release of relay 29TK 06 opens the op-
erating path for relay 40TCK and 29ATS. -

Relay 28TER® is released when relay 29ETO releases
and relay 28D0 operates as shown in FIG. 28. The re-
lease of relay 28TERO effects the release of relays
41ATCO00, 36TCCO, 41110 and causes the operation of
relay 22TGBO. The release of relay 41ATCO0 in turn
causes the release of relays 40TCK and 41TCA1. Re-
lease of the latter relay in turn effects the release of relay
24NK, 36TIS and 34RC4. Release of relay 36TIS effects

5 the release of relay 23TCK and relay 380LO0.
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Operation- of relay 35RL2 as described above,. initiates
the operation of timer relay 39TM3 and opens. the: hold
path of relays 24SMK, 33T0 and; 33U0. Release of relay
24NK interrupts the- operating path for relay 24ABK.

Release of relay 33T0 in turn releases relay 19HMK and
the release of relay 38LKO. opens the operating path of

relay 38TUK. Release of the. latter relay in turn opens.
the operating path for relay 41PP, the release of which

causzs relay 36TIS to release.

Operation of relay 39RL1 _
operation of timer 37TM2. If relay 39RL.1 has not re-
leased before relay 37TM2. operates,.
shown) is energized. However, if the. relays: associated
with the locking path of relay "
relay 39RLE2 has operated, relay
from operating.

37TM2 is prevented

A indicated above, relay 380L0 has released, thereby -
control pair to: the remote unit as

completing the. signal
an indication to the remote circuit to release.

At the remote unit, relays 15STA: and 4TA are oper-
ated in the usual manner, and the operation ok relay
41EP as described above together with the operation of

relay 4TA, effects the operation: of relay 140L, thereby .

opening the signal pair to the contrel unit. When the. con-
trol unit closed the signal pair as described above, reiay
15STA releases. and relay 125Q3 operates Ovel 4 path
from negative battery,

formation. When relay 125Q3 1s o perated, relay 14RL1
operates over a path from ne gative battery, resistance
142, contacts of relay 14TM2, winding
contacts. of relays

to ground. The operation of relay 14RL1 opens the op-

9TK0 which releases, in turn re-

erating path of relay 0 wh
20H, 8HMK and 7SMK. In ad-

leasing relays 12TRK;
dition,. select magnets:
relay 14RL2 operates. When the latier relay operates,
relay 14RL1 releases..

The operation .of relay 14R11, in conjunction with the
release of relay 14RIL.2, causes the operation of relay .
‘signal as shown
.1 FIG. 6 to the solid state logic-circuitry OVEE conductor

14RLS, which in turn delivers a releas

6RLSC which resets flip-flops. 11PPFF, SSC-FF and

11INCFEF, as well as cells 6CTR-BC. ‘When flip-flops -
| 58C- and: 45C-, as
well as relays 9FER and 14SH, are released.. The reset-
release of relays
_ relay 14562. The release:
of relay 125Q1, eftects the release of relays 12L.RK, 910,

5SC-FF reset, the associated relays

ting of flipflop. 11INCFF -causes the

11SIC, 4IC, 1250Q1-125Q3 and:

and 9U0. The release of the foregoing relays effects the

release of relays 14RL2, 140L, and I4RLS. As usual,

when relay 140L. is released, the path to. the control unit
is closed..

This transmits a signal to the control unit which releases
relay 20ITAO, as an indication that the remote. unit is nOw -
Thereupon, the eontrol unit. pro-

in the normal condition.
ceeds to release and to-return to. the normal ¢ondition,

Thus, when relay, 20ETAQ 1s released, the correspording.

relay 41TAO is released. Release of the latter relay trans-
thits a release signal as.shown in FIG. 32 to the electronic
logic circuitry over sonductor 32RLSC. The release of
relay 41TAU releases: relays 4TATCO1 and. 3801.1. Since

remote unit 0 is’ processing the: call, the release: of relay
remote. goit. not.
latter remote unit in turn com-
“pair to the control pnit indicating: that it

380L1 completes the signal pair to the
being used on the call. The
pletes its signal
‘s in the normal condition.

The release signal to the solid state logic circuitry over.
. | | of flip-flops
y1OTGFF, 27PPOFF, the shift register flip-flops and the

conductor 32RLSC causes the resetting

counter binary cells. When flip-flop 27PPOFF resets, the
output of gate 27PPOG changes from a “zero” condition
to a “one” condition and causes release of relay 27IPP.

completes a path for the

an - alarm- (not.

winding of relay 12SQ3, contacts
of relays 41C, 4TA, 140L to ground. QOperation of relay
128Q3 indicates the successful transmission of trunk in-

ay 141N g of relay 14RLY,
14RLZ, 125Q3, 4IC, 4TA and IIST

7SMAO and 7SMAS release -and -
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The release of the shift register flip-flops effects the release
of the associated relays and the resetting of the counter
binary cells causes the release of relay 32IR.
When the shift register output relays have released, the

" associated relays 41A- and 41B- release, causing the oper-.

ation of relay 24NK. Release of relay 27IFP, in turn :
causes the release of relay: 41PP which together with the -
release of relay 41TAQ causes the release of relay 39RL2.
Release of relay 39RL2 in turn releases relay 24NK and
the operation of relay 39TN3 to return the circuit to a
normal condition..

When relay 268ITA1 (not shown) releases, the asso-
ciated relay 41TA1 releases thereby allowing calls to be
made to both remote units.

6.—DISCONNECT CALL

As indicated in the general description above, a dis-
conmect call is initiated after each service request and.
terminating call in order {0 select a trunk for the next suc=
ceeding call. A disconnect call is initiated in the coatrol
unit when relay 28D9 is operated, as described above, and
relay 22TGBU is normal indicating an idle trunk is avail- -
ible. As indicated in the preceding section, relay 28D0 .
is operated during the release of the service request Or
terminating call. It is also operated when there is an at-
tempt to establish a terminating call and a trunk has not
been preselected.

Normally, after a service request call or a terminating .
call, all 16 trunks to the remote nitit involved will be con-
nected and a disconnect call is made to release an idle .

‘truni’{; As will be explained herein in detail, the detection -

of two or more trunks in the released condition (evidenced -
by the operation of relay 40CHMO) will result in a special

5 disconnect call which will select all of the released trunks

until all 16 trunks are connected. When a special discon--
nect call is made the call is similar to a normal disconnect
call with the exception that the hold magnet will not be re-
leased since the trunk is already’ released. Moreover, the
aot be used since only the -
vunks that are released will be selected. If, during a special
discommect call, it is determined that the trunk was con-
neeted to a line and the trunk memory ( relay 46CT-) was
not available (indicated by the operation of relay 360HM)

__th"e appropriate hold magnet will be released.

6.1 Start of disconnect cail. -

Operation of relay 28D9 opens the operating paths to

the other relays in the call preference circuit for group

O. Moreover, a path is completed for the operation of re-
Jays 28SC00 and 28DIS00. Operation of relay 28DIS@0
completes a. path.for the operation of refay 285C01 and -
relay 28D1S01. Moreover, tie preference circuit for group

= 1 is precluded from initiatimg a disconnect call. Relay

381 K0 is released at. the contacts of relay 28DIS00. An
operating path for relay 41ATCO0 is also completed at.
the contacts of relay 28DIS00. The operation of relay -
28SC00 opens. the sleeve conductor to the line equipment
at the central office as shown in F1G. 17. This results in
the release of relay 17SLOO (assuming that the relays
251700 and 25LUG0O were operated).

Operation of relay 28DISOT completes a path for the
operation of those relays 18TBA- which have an operated
relay 18TB- associated therewith. The operation of a par-
ticular relay 18TB- indicates that the particular trunk is
busy. The operation of relay 28DI1S02 completes a. path
in FIG. 35 to. the shift register over conductors CI0 and
CI1 to register a disconnect call. Moreover, an operating
path is completed for the preferred trunk relay 29TKO1
(assuming that trunk 1 is the next preselected trunk) as
the trunk is idle and relay 46CHMO is unoperated. In ad-
dition, relay 41DT1 1s operated at the contacts of relay
28DISH2. Operation of the latter relay partially completes
s path for extending the trunk information to the shift
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register as shown in FIGS. 30 and 35. Operation of relay
41ATCO0 completes an operating path for relay 380L1
(not shown) which opens the control pair to the remote
unit not being used on the call.

Operation of relay 41TCA1 partially co
ating path for relays 33T0 and 33U0.

The information from the electromechanical portion of
the control circuit identifying the trunk to be released is
gated into the shift register in the usual manner. This
information, together with a preliminary pulse, is trans-
mitted to the remote unit. As usual, when the first shift
pulse is produced the output of flip-flop 310SFF changes
from a “zero” condition to a “one” condition.

At the remote unit the reception of a start puls; gnd
the transmission of the type of call information is sxmﬂ?r
to that discussed above for a terminating call. On a dis-
connect call, however, relay 9D1 is operated for a normal
disconnect call and relay 9D2 for a special disconnect call.
The operation of relay 9D1 causes the operation of relz}ys
9DISO-9DISY. The contacts of relays 2DIS$-9DIS9 in-
terrupt the path to relays 2L80-2L189, respectively. Whe_n
relay 9D is operated, the locking path for relays 9TI§- is
interrupted to release any such relays that have remained
operated from previous calls. Relay 14S12 is operated over
an obvicus path. The latter relay steers the trunk informa-
tion when 1t 1s received from the control unit to the trunk
register, | |

The transmission of the trunk information from the
control unit and the reception thereof at the remote unit
is in accordance with the procedure described above for
a terminating call. Assuming that the trunk to be discon-
nected is trunk TK1, the appropriate relays 5SA- and
165B- will be operated followed by the operation of
corresponding relays 4A- and 4B-. When the latter relays
are operated a path is completed through the contacts of
relays 14512 to operate relay 9TK9., This path may be
traced from negative battery, winding of relay 9TK®, con-
tacts of relays 14512, 4B4, and 4B7 to ground. Since trunk
1 1s the preselected trunk, relay 9TK9 is also operated
over the contacts of relays 4A2 and 4A7. The operated
- relays 4A- determine the trunk steering level whereas the
-operating relays 4B- determine the trunk select Ievel. Re-
lay 12TRK is operated to check that relays 9TK- have
‘operated correctly. When relay 12TRK operates, a path
is completed to relay 9TS01 associated with the trunk to
be disconnected. The operation of the latter relay opens
the path through the switch to prevent current surges and
closes a path through the relay associated with the line
connected to the trunk which is to be released. Assuming
that the line is substation 17, relay 2L17 will be operated
from negative battery, winding of relay 21.17, sleeve con-
- ductor of the trunk, contacts of relays 9TS00, 7RH, 70H,
and winding of relay 2ZXPK to ground. Both relays 21.17
and 2XPK are operated over this path. As a result of
the operation of relay 21.17, the appropriate relays 13173

pletes an oper-
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‘plete operating paths to the associated relays 29TK-.
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(not shown) and 13LUG are operated. Again check relay

13LK operates in the usual manner. When the latter re-
lay operates, relay 13LS is operated in turn causing the
-operation of relays 9T3 (not shown) and 9U9. There-
atter, check relay 12LRK is operated in the usual manner.

60

When relay 12LRK is operated, as described above, a

path is completed to operate relay 7RH. This path may
be traced from negative battery, winding of relay 7TRH,
- contacts of relays 70H, 8XPK1, 9D and 12LRK to ground.
Operation of relay 7RH results in the application from
negative battery, resistance 82, contacts of relays 7RH,
911 and 9U7 of a potential to hold magnet SHMA17 to
ground, opposite in direction to that provided for operat-
~ Ing the magnet. The reverse current through the hold mag-
net releases the magnet but prior thereto, relay 8HRK
~1s shunted over the contacts of relays 70H, 9T1 and 9U7
and 8HMA17 to ground. When hold magnet SHMA17
releases, relay 8HRK operates over the contacts of relay
- 7RH and resistor 85.

65
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-turn causing the operation of relays
It will be seen from FIG.
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6.2 Trunk preference on a normal disconnect call

The trunk preferred for disconnection at the control
unit 1s determined by a combination of trunk preference
relays 34TPRO1-34TPRO5 for group 0 and relays 3479
for group 0 and relays 34TPR11-34TPR15 and 3471 for
tor group 1 (not shown) as explained in Section 3.41.
After the preferred trunk has been selected, one or more
of these relays operates or releases for the next call 1n
order that a particular trunk be preferred once during 16
successive calls,

The preference circuit is arranged to operate relay
34TPRO1 initially as explained in Section 3.41 supra.
Thereafter, on subsequent calls, the path may be traced
from negative battery, contacts of relay 34TPRYS, winding
of relay 34TPRO1, contacts of relay 34TPRO1, addition-
al contacts of relay 34TPRO5, contacts of relays Z23DIS02,
24ABK, 36TIS, 1SHMK, ISTUK, 29TRK, 39RL1 to
ground. Relay 34W@ operates over the contacts of relay
34TPRO1. Operation of relay 34W0 completes a path for
relay 34TPRO1 through the contacts of relay 3470 and
the contacts of relay 34W0. Operation of relay 34TPR§E
removes the shunt path from relay 3470 which operates.

Subsequently, the trunk identity is returned to the con-
trol circuit from the remote circuit and a sequence of Op-

| ]

rations 1s performed similar to that described in section

6.3 Trunk Dreference on a special 'dfﬁ‘cénnect call

A special disconnect call is mace, as explained above,
In Section 3.42, when more than one trunk in a group has
a released relay 48CT- associated therewith in turn caus-

ing the operation of relay 40CHMO. When one relay

40CT- is released, the current in both windings of relay

4O0CHMS is balanced and the relay elements released.
Whei_l two or more relays 40CT- are released, the cur-
rent in the primary winding is sufficient to operate relay

40CHMO. When relay 40CHMO is operated, those trunks
18TB- released will com-

Assuming the trunks 6 and 7 are released, relays
29TKO06 and 29TKO7 (not shown) will be operated in

29ET0 and 290TH9.
29 that a holding path is com-
pleted for the lowest numbered relay 29TK-, in this case
relay 29TK08. As usual, check relay 29TRK is operated.
The operation of relay 29TRK initiates the transmission

of trunk information to the remote unit.

6.4 Line identification on a special disconnect call

Normally when a special disconnect call is made, a
line will not be identified when trunk relay 29TRK op-
erates and completes a connection through the operated
trunk relay 29TK04 to the sleeve of the trunk to be dis-
connected since the released relay 40CT- indicates that
the trunk is released. In consequence, relay 38TUK will
not be operated to provide a path to release the hold

-magnets,

However, if relay 40CT- had been incorrectly released
and the trunk_ remained connected to g line, the ground
applied on the sleeve conductor wil operate sleeve relay

175L- of the connected line. In addition, an operating
‘path will be co

tion relays associated with the sleeve relay

1pleted for the line lockout and identifica-
unique to

the line connected to the trunk being released. |
The operation of the sleeve relay and the line lockout
and 1dentification relays completes an operating path for
the relays 33T- and 33U. associated with the line to be
identified, Thereafter, the sequence for a special discon-
nect call is the same as is a normal disconnect call.
The operation of relay 38LK§ completes a path for
the operation of relay 38TUK., Thereupon, the operation
of relay 24HMO completes a path for releasing the hold

- magnets associated with the identified line in the manner

describ_ed above for the remote unit hold magnets.
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When the hold magnets -rélea-se,- the: operating path
for relay 19HMK is opened and relay 34TPRO3 is op-

erated, providing that relay 34TRR03 was priorly released
and relay 34TRG2 was operated.. .

At the remote unit when relay -12TRK is operated; a
path is completed ‘through relays 2XPK, 7RH, 12802,
¢D2, and 12TRK to operate relay 8XPK2. Relay 9TS01L
is operated and completes a:

erated when a line is connected to the trunk on a special
disconnect call and thereafter, the call will follow the
same sequence as for a mormal

2XPK does not operate, relay
complete a path to operate

8XPK2 will operate and

12SQ2 which in- turn releases’ relays 9TS%1, 5A- and
10SB- as well as the associated relays 4A- and 4B-. Relay
13LK- is. released thereby releasing relays 13LT- aund

13LU-. When relay 14CKT is operated, a ground 1s ap-
which initiates the transmission

plied to gate 11CKIG
of the trunk information in
The open line signals between

the manner described above.

the release of relays 9TU1 and $TU9 which instead serve

14R1.2. The hold path for relays 9TUL and 9TK9 1s
through the contacts of relay 9D and relay 14RL1.
6.5 Trunk check at control unit

The trunk checking procedure is similar to that de-
scribed above for a terminating call with the exception
‘that relay 34TPRO1 1s
24ABK. Moreover, tie

path for relay 39RL1.

magnets.  The operating path for relays 28DIS04: and

28SC09 is opened. although:the hold path remains closed.
's released at the contacts of relay 39RL1.
The. release of the latter relay causes the release of relays
28DIS00. and 28SC090. The release. of the remainming con- -
trol relays is similar to that described . above for a. ter-
minating call as is the release of the solid state. logic . 4:

Relay 28D9:

circuitry. When relay 41ATCOL 1s. released,. the operating
path for |
singal pair to the remote unit in serving the call.
Release of the relays 41A- and 41B- cause the opera-
tion of relay 24NK which in turn
to release. The latter fiv turn releases relay 24NK...

 7._SERVICE DENIAL CALL

Occasionally, it béecemes necessary to “deny” service
to- a particular customer ‘whose line is functioning -ab-
normally. For example,
o terminating call and allewed: his receiver .to. remain
off hook:.

Service may be denied. to the substatien. serving that
subscriber by imitiating a service denial call from the.
control unit. Under these conditions, it is necessary for.
' maintenance personnel at. the central office. to connect
the service -denial terminal of group 0 or group 1 to one -
For illustrative. -
purposes, it will be assumed that service should be denied

of the terminals of group 0 or group 1.

Operation of key 18SDOK results in the operation of

relay 285DF9. The operation of the relay 28SDPO com-~
pletes an: operating
The:  opesation of
ductors of all of the lines in the associated group to the
central office line circuit as shawn in FIG. 17. The op-
eration of relay 28DISO0 completes a p ath: for the .opera-
tion of relay 28BIS91. Operation of the latter relay com-

pletes a locking path to those relays 18TBA- associated

path through relay 2XPK
when relay 12TRK is operated. Relay 2XPK will be op- -

disconnect call. If relay

relay SHRK. When- the latter
telay operatfes; a. path IS completed to operaie relay

the control unit and the
remote unit are the same as those described on a ter-

minating call. The release signal, however, does not efiect
as the preselected trunk on the next service request or
terminating call. When relay 14RL1 is operated,-a path
is closed through the contacts of relay- D to operate relay

operated at the contacis of relay
operation of relay 23TCK opens
the operating path of relay 39TCF and.closes an operating
The operation of relay 39RL1 re-
leases relay 38LKO0 and removes battery from the hold

relay 38OL1 is opened in turn completing the

causes relay 39RL2

the subscriber may have received.

path: for relays 28DIS08 and 283C0Y..
relay 285C860 opens the sleeve -con-
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the remote unit. Moreover,
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with all busy trurks in the -group. Relay 4LTATCOHO is
operated over - the contacts of. relay 28DIS91 and relay
37SD0 is operated at the contacts of relay 28DiS01.

Operation of relay 41ATCOU completes a path for the
a1l relays: 25T- and 25U- "
are released. Moreover, relay 380L1 18 operated over the
contacts of relay 43ATCO® as well as relay 4FATCOL.
Operation of the latter relay starts the. timing cycle of
timer 37TMS5 and the operation of: relay 380GL1 opens :
the sienal pair to the remote unit not being served.

Operation - of relay 41TCA2 completes -an operating
path: for relay 175160 associated with the line to- be
denied service.

Qperation: of telay 375D0 as described above completes

‘a path for the transmission of service denial class. infor-

mation to the shift register. Thus, conductors CI1 and CI12
are energized over the confacts of relay 378D to indicate
o service denial call, In addition, a path is completed for
the operation of relay 41LIY as well as for relay 175L00.
The latter path may be traced from negative battery, wind-
ing of relay 17SL0®, contacts of relay 19HMAOAGO, slecve
conduetor, terminal S$9, terminal- SDY, key 18SDOK,
contacts of relays 37SD0, 4iTCA1 to ground..
Operation of relay 17SLG6 initiates a sequence of op-
erations including line ;dentification that are simailar {o-a
terminating «call with the exception that the: select mag- ..
pets will not be operated. ‘e operation of relay 38TUK.

completes a path in FIG. 27 to the electronic logic -cir-

cuitry to initiate the transmission of line information to
unlike a terminating call relay.
17SL60- will ot be released when the hold magnet op- -
erates nor ‘will the preselected trunk be used or released.
Therefore, the associated relay 46CT6D (assuming the
selected. trunk is trunk §) will not -operate in turn pre-

venting relay 40CTK from operating.

The remote unit responds to the transmission -of -
formation relating to the service denial call by operating
relay 9SD1 in response to the operation of relays 4C1 and
4C2. Other: operations by the remote unit are similar o -
those for a terminating call with the exception that relays
12TRK, 9TS00, 7SMK, 14802, 2XPK, 8XPK1 and 21860
are: not operated. As indicated above the select: magnets
are not operated. Relay 7RH is operated over the con-
tacts of relays 9SD2 and 12LRK. Thus, when the hold.
magnet is operated no select fingers :are engaged to con-
nect the line to. a trunk. Moreover, the substation loop 1s-

apened at the contacts of relay 8HMAO0. In lieu of trans--

mitting the usual trunk signal, a check signal consisting of: -

A digit 9 and: B digit 0 1s sent (o the contrel umit.

When the ‘control-unit receives. this information relays

41A2, 41A7, 41B4 and 41B7 are ‘operated, in turn operat-.
ing relay 24ABK; key 375D0 may be released at this -

time to open the operating path for relay 28SDP0. Release -
of the latter relay causes relay 39RL1 to: operate and the
circuit is released in a manner similar to that for-a ter-

- minating call.

8 —RELEASE SERVICE DENIAL CALL

As indicated above the loop to the substation on a

service denial call is opened atthe contacts of hold mag-

met SHMAO® and in consequence the customer has a.
“dead” line i.e., no dial tone and no sidetone. When the

condition necessitates, the line to the subscriber may be.

reclosed by personnel at the control unit through the

initiating of a release service denial call. The call pro-

ceeds initially in a manner similar to that of a service
denial call except that a release service denial terminal 1s
1sed. Under these conditions key 37RSD@ is operated in

turn operating relay 28RDFW. Thereafter the <all pro-

ceeds as a disconnect call with the exception that trunk
celection will ot take place singe relay 28DIS02-does not-
operate nor does relay. 29TRK. Moreover, as: described
above, a service denial call relay 17SLG3 (assuming the -
line is 09) will not release when the hold magnets. re-

__].ea.se-;. Q
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At the remote unit the circuit operation for a release
service denial call is the same as for a terminating call
described above with the exception that, relay 9SD2 is
operated instead of relay 9TER and, moreover, relays
12TRK, 9TS-, 7SMK, 14582, 2XPK, 3XPK1, 21.00 and
the corresponding select magnets are not operated. More-
over, relay 7RH is operated over the contacts of relay
98D2 and the hold magnet is released instead of operated.
In addition, relay 8HRK operates in place of relay 8HMK
and the same code if used, is a service denial call (A digit
2 and B digit 0) is sent to the control unit.
- The response at the control unit to this signal is the same
as that for a service denial call. It will be noted that a
trunk is not preselected by a service denial call.

9.—TIMING OPERATIONS AND CHECKING
CIRCUITS

The preceding description of operation assumed suc-
cessiul completion of each function. Various timing cir-
cuits are included which are effective in the event of
abnormal operations to recycle the equipment, transmit
alarms and prevent other calls from being initiated. In the
event of successful call completions, the following timing
and checking operations may be ignored. |

9.1 Recycle z’fmz'ﬂg

The recycle timer associated with relay 37TM1 is simi-
lar in over-all aspect to the timer associated with relay
14RT of the remote unit. For a call originated at the
control circuit, the first (longer) interval of the recycle
‘timer is between the end of signaling to the remote unit
(characterized by the operation of relay 4iEP) and the
reception of a reply signal from the remote end (release
of relay 41EP). The second (shorter) interval is be-
tween the start of signaling from the remote end (charac-
terized by the operation of relay 36TIS) and the operation
of relay 24ABK which indicates that the information has
"been checked. " |

When the ground condition is removed from the timing
circuit, the transistor timer will respond by operating

“after a period of time controlled by an RC network. Two

‘timing intervals are available. The one for short timing
‘interval being 100 to 150 milliseconds and the other for
“a long timing interval being 500 to 600 milliseconds.
. A service request call initiates recycle timing when
relay -36RTR operates. If relay 24ABK does not operate
(as seen in FIG. 37) before the short timing interval,
‘relay 37TM1 will operate to close an operating path for
recycle relay 37RC1. The operation of relay 37RC1 re-
‘cycles the logic circuitry at the contacts of relay 37RC1
in FIG. 32. Operation of relay 37RC1 applies a ground
potential to the timing circuit coupled to relay 37TM1 to
recycle the timer and cause the operation of relay 37TML1.
Release of the latter relay completes an operating path
-for relay 37RC2 which in turn releases relay 37RCL. Re-
lease of the latter relay removes the signal condition from
-the electronic logic circuitry. o
Subsequent operation of relay 36RTR initiates the sec-
ond operation of the short timing circuit interval of the
timer connected to relay 37TM1. - -
A terminating call to the remote unit will initiate the
“operation of the timing circuit when relay 41EP operates.
In the manner described above, relay 37RC1 operates if
‘relay 37TM1 is operated. Operation of relay 37RC1 ef-
Tects the results described above on a service request and
in addition completes an operating path for relay 37RC3.
Operation of the latter relay completes a path to signal
the electronic logic circuitry to return to the reset condi-
tion as shown in FIG. 32 and, in addition, opens the con-

~ductor to flip-flop 270TGFF. Moreover, the timing circuit
-is again grounded over the contacts of relay 37RC3 and

41TCA1 to release relay 37TM1. |
Release of the latter relay completes an operating path
 for relay 37RC2 over the contacts of relay 37RC1. Opera-

“tion of relay 37RC2 causes the release of relay 37RC1
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which in turn removes the recycle signal from the elec-
tronic logic circuitry in FIG, 32. Release of relay 37RC1
effects the transmission of the information stored in the
electronic logic circuitry to the remote unit and release of
relay 37RC3. If the remote unit fails to receive the correct
information, a trouble signal will be returned instead of
trunk information to operate relay 36RF. The latter relay
1s operated by the transmission of signals from the remote
unit effective to operate relays 41A1, 41A7, 41B4 and
41B7. Operation of relay 36RF results in the printing of
a trouble record by means not shown herein as not essen-
tial to the present invention followed by a trouble release.

A terminating call to the remote unit initiates the sec-
ond interval of timing for short timing interval for re-

lay 37TM1 when relay 36TIS operates. If relay 24 ABK

does not operate before the end of the timing interval
relay 37TM1 operates. Release of relay 41TIS (due to
recycling of the electronic circuit) causes the timer as-
sociated with relay 37TMI to recycle and release relay
37TM1. Relay 37RC2 operates and releases relay 37RC1.
A subsequent operation of the timer and relay 37TM1
completes a path to relay 37RC2 which effects the print-
ing of a trouble record, Operation of the latter relay will

complete an operating path for relay 37RC1 which in

turn will cause the operation of relay 37RC4 over the
contacts of relay 41PP. Operation of relay 37RC4 trans-
mits a signal to the electronic logic circuitry to recycle
to clock phase 16 as shown in FIG. 32. Moreover, the
battery potential is kept from relays 25LT- of the group
being served (by the contacts of relay 41TIS) and an op-
erating path provided for relay 38OL0 (assuming that

. 9.2 Timing for rel_easé. of relay IEQRLI |

This function is performed by the timing circuit as-
sociated with relay 37TM2. If relay 39RL1 does not re-
lease before the operate time of relay 37TM?2 the latter
relay will operate which opens the operating path of re-
lay 380L0 (assuming that remote unit 9 is being served)
and opens the operating path of relay 39RL1. Relay
39RL2 is operated.over the contacts of relay 37TM2,

9.3 Timing for re[eaﬁe of relajf SQRLZ
If relay 39RL2 is not released, relay 39TM3 will re-

lease to effect the release of telay 39RL2 by means not

shown herein as not essential to an understanding of the

present invention. "
9.4 Over-all timer

The operation of relay 41ATC09, 41ATC@1 or 41SRC1

-will start the operation of the over-all timer: circuit as-

sociated with relay 37TMS. If the call is not completed
before 12 to 14 seconds relay 37TMS5 will operate. The
operation of the relay will result in the operation of relay
30RT1. _ S P

9.52 Hold mzignéf fail;ire }'*elays L

A service request call operates relay 36HMF1 when
relay 41SRC1 is operated over the. contacts of relay
z4ABK. When relay 24ABK operates the operating path
for slow release relay 36HIMF1 is open. If relay 19HMK
does not operate prior to the release interval of relay
SSHMF1 a path is completed for relay 36HMF?2 over
the contacts of relay 36HMF. Operation of relay 36 HMF2
opens the operating path for relay 36TISR and closes an
operating path for relay 36SS. In addition the contacts of
relay 36HMF2 in FIG. 35 connect a ground contact to

the shift register conductors to transmit a trouble signal

to the remote unit.

9.6 Trunk check failure relay

When the information received from the remote relay
has been checked on a two-out-of-five basis as determined

by relay 24ABK on a terminating call an operating path
is closed for slow-to-operate.relay 37TCF. If the trank
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check is not completed, within the time to operate relay
37TCF; the operation of that relay

known in the art followed by a trouble release.

Operation of relay 23DSM opens the operating path

for relay 23TCK which in turn causes. relay 37TCF 10

operate and: generate the same sequence. of operation as

described above.
9.7 Hold magnet timing

If a trouble release occurs on- a disconnect. or service

denial call, relay 39HMT operates when the hold magnets
are closed and relay 19HMX has operated. The operating
closed until relay 48CTK.
is operated. Slow-to-release relay 39HMT releases there-

path: for relay 39HMT remains

after and completes a path to operate relay 39RL1. This

interval assures: that the -hold magnets have: sufficient
time to- build up the magnetic field which keeps the hold

magnets magnetically latched.

9.8 Trunk overflow circuit

When: all trunks are busyin group 0, relay 22TGB¢ is
operated. When all trunks- are busy in group 1 relay -
for group 1. A termi-

25

22TGB1 (not shown) is operated.
nating call effects the operation. of the respective relays
17SL-, 25L.T- and 25LU- as described  above.: However,
the associated. relay 28TER® or 28TER1 will not operate
in. view of the contacts of relay 22TGB- in series there-

with. However; a path will be available throu gh. the con-
tacts of the operated relays 22TGB-, 25L.U- and 17SL- to

apply a call progress tone. on the: ring conductor of the

line appearance and to connect the tip and Ting COR-
trip ringing. When the central.
office equipment is released oround will be remade from .

ductors to tube TGBO to

the sleeve conductor in turn-causing the release- of re-
lay 17SL- and the associate d relays 25LT- and 25LU-.

10.—PREFERENCE CONTROL
The preference between. terminating calls and service

request calls is controlied by the logic circuitry. If a serv-
ice request call obtains

which removes battery from the preference relays in
FIG. 28.

If simultaneous disconneet and: terminating calls occur

the operation of relay 28TERO or relay 28TER1 will

remove battery from the preference relays for other

calls and the terminating call will. obtain preference. The
for

group- 1 will prevent service denial calls from: gaining

operation of relay 28D{ or the corresponding relay
preference -and will prevent. the aperation of relays
28TERGO or 28TERIL.
 10.1 Terminating preference
When relays 34W3 and 3473 are¢ in the normal cen-

dition group 0 will be: preferred.. The operation of relay

28TERO closes an operating path for relay 34W3 and.

a- shunt path to prevent relay 34Z4 from operating. Op-~

eration of relay 34W3 closes an operating path tor re-
lay 34Z3. When relay 28TERY
of relay 34Z3 is. removed causing that relay to operate.

Operation of relay 3473 changes the preference of the

- groups and allows greup. 1 to be preferred. This cycle of
a failure 1n

operation of relays 34W3 and 34Z3 prevents
one greup from affecting calls to the -other group.

10.2 Line lockout preference

If relays 34W4 and 25Z00-25203 are normal the pref-
erence in group 0 for relays 25L1T-

251 U09 to 251 UC9. When relay 4TATCOQE operates on the

first call an operating path is completed for relay 34W4.

When relay 36TIS operaies: a paih I8 completed for re-

lay 25Z00. With relay 25209 operated, the preference in

group 0 :.is from 258LT67 to 381738 and since relay

will cause a trouble -
record to be made by facilities not shown herein but well

preference. relay 27ISRG is op-
erated in turn causing the operation of relay 41SRC1

¢
it

releases the. shunt path

is from relay 25L.T660
‘o 250T07. The preference for relays 25LU- is Ifrom-

10
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23701 'is normal, the preference is from: 251009 - to
251 1U09. When relay 4LATCO operates. on the next call a
shunt path is completed which causes relay 34W4 1o
release. Operation of relay 36115 closes an operating
Operation. of the latter relay
changes the preference in group: from telay 25LU09
to relay 25LU00 and the previously operated relay 25780
retains: the preference of 25LTO7 to 25L.T00. When re-
lay 41ATCO00 operates on the next call an operating path -
for relay 34W4 is completed. Operation: of relay 36115
causes the release of relay 25Z200. When only relay 2571
is operated . the. preference in. group 0 is from 25LT00
to 25LT07 and from 25L.U09 to 25LUGH..
On the following call the operation of relay 41ATCC0
causes the release of relay 34W4. Subsequent operation
of relay 36TIS releases relay 25701 and the preference:
returns to that described initially. This cycle continues

 and prevents one. line from denying ervice to any other.
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line..

The preference arrangement for:group 1 altheugh not
shown is similar to that described above:

10.3 Trunk group busy

The operating path. for relay 22TGBSG is closed when .

all of the trunk busy relays 18TB- in the group are oper-

ated. Operation of telay 22TGBO closes the path to the
line overflow circuit.in FIG. 22 and prevents the operation
of relay 28TERO.: In addition, relays 28DIS00 and
28SC00 are prevented from operating.

It is to be understood-that the above-described arrange- -
ments are illustrative: of the application of the principles
of the invention. Numerous other arrangements may be -

devised by those skilled in the art without departing from

the spirit and scepe of the invention.

What is-claimed 1s:.

1. A signaling system including a transmitting unit and
a receiving unit,. oscillator means at said units, counting
means at said units responsive to said oscillator means,
and timing means at said receiving unit responsive. to a

signal indication. from said transmitting unit for metering
- a predetermined: time. interval. and - apparatus

controlled.
by.-said timing means. for energizing said counting means.
at said receiving unit to a predetermined count indicative
of said time imterval to- synchronize said counting means

at said units.

2. A signaling system including a transmitting unit and

g recewving; unit, independently controlled. oscillator means

60

in said units, counter means in. said. unifs responsive 1o

said escillator means to record the paumber of osciilations .
of said. oscillator means, means for energizing said oscil-

lator means. at said transmitting unit, timing means at
said receivimg unit responsive to a signal indication from
said transmitting unit for measuring a predete rmined time -
duration, and means responsive to said timing means _for

. setting said. counting means at. said receiving unit to a

connt indicative of the time. duration of said timing means
and for initiating the operation of sard oscillator means
at said receiving unit to- synchronize said counter means
at both:said units.

3. A signaling system including a transmitting unit and
a receiving unit, independently controlled transistor oscil-
lator means at.-said -units, binary counter- means at said

units respomsive to. said escillator means for dividing the

frequency of said oscillator means, timing means in said -

~ receiving unit responsive to the transmission of a prelimi- -
mary, signal pulse

for measuring a predetermined time
duration, and means at said receiving unit responsive to
the operation of said timing means for supplying pulses. -
to. said binary counter means at said receiving unit to
establish a count indicative of said time duration prior to

" the -energization of said oscillator means at said receiving

unit.
4. A telephone line concentrator signaling system in-

cluding a transmitting unit-and a receiving unit, oscil-
~= lator means in said units, plural stage binary counier
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means responsive to said oscillator means, shift register
means at said units, means at said transmitting unit for
storing binary signals indicative of control information
in said shift register means, additional means at said
transmitting unit for storing a perliminary pulse signal
in. said shift register means thereat and for initiating the
serial transmission of said signals to said remote unit
under control of said oscillator means, timing means in
said receiving unit responsive to the reception of said
preliminary pulse signal for measuring a predetermined
time duration, additional means in said receiving unit
responsive to the operation of said timing means for set-
ting said counter means at said receiving unit to a prede-
termined count indicative of the count achieved in said
counter means at said transmitting unit in response to
said oscillator means at said transmitting vnit for synchro-
nizing said counter means in both said units.

5. A telephone line concentrator signaling system in-
cluding a transmitting unit and a receiving unit, oscil-
lator means in said units, counter means responsive to
said oscillator means, means in said transmitting means
for storing binary signals indicative of spaces and marks
and for transmitting said signals to said remote unit under
control of said oscillator means at said transmitting unit,
and means at said receiving unit including timing means
responsive to signal transitions from space-to-mark sig-
nals for energizing said counter means at said remote unit
to a predetermined count corresponding to the count
achieved in said counter means at said transmitting unit
for synchronizing both said units.

6. A synchronizing system including a transmitting
unit and a receiving unit, transistor oscillator means in
said units, binary counter means in said units comprising
a plurality of tandemly connected flip-flop stages, means
for coupling said oscillator means to an initial one of
said stages, timing means at said receiving unit respon-
sive to a signal from said transmitting unit for measuring
a predetermined time duration, and means coupled indi-
vidually to each of said stages of said binary counter
means and responsive to the operation of said timing
means for setting said counter means to a predetermined
count indicative of the time duration of said counting
means and for thereafter initiating the operation of said
oscillator means at said receiving unit. |

7. A synchronizing system including a transmitting
unit and a receiving unit, independently controlled oscil-
lator means at said units, counting means at said units
responsive to said oscillator means, said counting means
including a plurality of tandemly connected binary count-
ing means for effecting a frequency division of the oscil-
lations of said oscillator means, means at said transmit-
ting unit effective in response to a service request calling
condition for energizing said oscillator means at said
transmitting unit to initiate the operation of said count-
ing means thereat, additional means at said transmitting
unit effective in response to the energization of said oscil-
lator means for transmitting signals to said receiving unit
indicative of said service request calling condition, tim-
ing means at said receiving unit responsive to said signals
for measuring a predetermined time duration, means at
said receiving unit responsive to the operation of said
timing means for advancing said counting means at said
receiving unit to a predetermined count indicative of said
predetermined time duration and for thereafter initiating
the operation of said oscillator means at said receiving
uint to synchronize said counting means at both said
units.

6. A synchronizing system in accordance with claim 7
including in addition means at said receiving unit respon-
sive to subsequent binary signal indications for resetting
said counting means at said remote unit to said predeter-
mined count in response to the reoperation of said timing
means to maintain synchronism between said counting
means at both said units while permitting said oscillator
means at both said units to operate independently.
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9. A line concentrator synchronizing system including
a transmitting unit and a receiving unit, a control chan-
nel coupling said units, oscillator means at said units,
counting means comprising tandemly connected binary
stages at said units, means for coupling said oscillator
means to an initial one of said stages for energizing said
counting means, transistor timing means at said receiving
unit responsive to the transmission of preliminary pulse
signals over said channel for measuring a predetermined
time duration, means coupling said timing means to each
of said stages of said counting means for setting said
counting means at said receiving unit to a predetermined
count indicative of said time duration prior to the ener-
gization of said oscillator means at said receiving unit,
and additional means responsive to said timing means for
thereafter initiating the operation of said oscillator means
at said receiving unit to synchronize said counting means
at both said units.

10. A line concentrator synchronizing system includ-
ing a transmitting unit and a receiving unit, free-running
oscillator means at said units, counting means at said
units controlled by said oscillator means, means effective
on the initiating of transmission of information for ener-
gizing said oscillator means at said transmitting unit to
energize said counting means thereat and to control the
time sequence of information transmission to said recejv-
ing unit, transistor timing means at said receiving unit
effective in response to the reception of an initial signal
from said transmitting unit for verifying that said signal
exceeds a predetermined duration, additional means at
said receiving unit responsive to the operation of said
timing means for establishing a predetermined count in
said counting means at said remote unit indicative of said
time duration and corresponding to the count effected in
sald counting means at said transmitting unit during said
time duration including means for thereafter energizing
said oscillator means at said remote unit.

11. A telephone line concentrator system including a
telephone central office, a plurality of remote substation
lines, a smaller plurality of trunks extending from said
office, remote switching means for coupling said lines to
said trunks under control of said office, transmitting and
receiving units at said office and at said remote switching
means, oscillator means in said units, counter means at
said units responsive to said oscillator means for dividing
the frequency of said oscillator means, shift register
means at said office and at said remote switching means,
means at said remote switching means effective in re-
sponse to a calling condition on one of said lines for
identifying said line and for storing binary signals indica-
tive of said line identity in said shift regster means there- |
at, additional means at said remote switching means for
storing a preliminary pulse signal in said shift register
means thereat and for initiating the transmission of said
signals to said office under control of said oscillator
means, and timing means at said office responsive to the
reception of said preliminary pulse signal for advancing
said counter means at said office to a count correspond-
ing to that effected in said counter at said remote switch-
ing means in response to said oscillator means at said
remote switching means.

12. A telephone line concentrator system in accord-
ance with claim 11 wherein said timing means includes
means for inhibiting the operation of said shift register
means at said office when said preliminary pulse is less
than a predetermined duration.

13. A telephone line concentrator system in accord-
ance with claim 12 including in addition discriminator
means at said office for reenergizing said timing means
In response to particular signal transitions in said binary
signals.

14. A telephone line concentrator signaling system in-

cluding a telephone central office, a plurality of remote
substation lines, a lesser plurality of trunks extending

75 from said office, remote switching means for coupling
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said lines to said. trunks under control of said . oflice, -

transmitting means and receiving means at said office and
at said remote switching means, oscillator means coupled

to said transmitting means and receiving means, binary
counter means comprising a plurality of tandemly con--

nected flip-flop stages responsive to said oscillator means,
shift register means at said office and - at said remote

switching means, means at said office effective in response
to a terminating call to a called one of said lines for stor-
ing binary signals indicative of said called line in said
fice for
said shift register

shift register means, additional means at said ol
storing a preliminary pulse signal In

means and for initiating the transmission of said signals

by said transmitting means at said office to said receiving
means at said remote switching means under control of -
said oscillator means, guard interval timing means at

<aid remote switching means responsive to the reception
of said preliminary pulse for measuring a predetermined
time duration, and - additional means in said remote .

3,304,208

10

. . | 52
switching means respomnsive to the operation of said tim-.
ing means for setting said counter means at said remote
switching means to a predetermined count corresponding
to the count in said counter means at said oflice.
15. A telephone line concentrator signaling system in
accordance with claim 14 wherein said transmitting -
means at said office. and at said remote switching means
includes means for translating said binary signals to cor-
responding mark and space frequency signals for trans-

mission to said respective receiving means, and discrim-

inating means coupled to said. receiving. means and re-
sponsive to space-to-mark frequency transitions for re-
energizing said: timing means to advance said counter

means to said predetermined count.
No references cited.

WILLIAM C. COOPER, Primary Examiner.
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