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ABSTRACT OF THE DISCLOSURE _
A system is disclosed for interconnecting a number of

telephone lines at a remote switching unit to a central .

office using a lesser number of trunks on a shared basis.
Such connections are established at the remote and central
office through crossbar switch networks under conirol of
both electromagnetic and electronic switching facilities.
This system employs “delay disconnect” operation in
which trunks remain connected to lines after a call until
needed to serve new connections. It also includes trunk
“and call preference circuitry, a separate communication
channel for transmitting mark and space Irequency sig-
nals between the remote and central office and apparatus
for verifying proper trunk-to-line connections.

—— R T S s,

This invention relates to telephone line concentrator
systems and more particularly to concentrator systems
including delayed disconnect features.

Telephone line concentrators are useful in reducing the

total number of connections required between a group of
remote substations and a telephone office. By terminating
‘the lines at locations remote from the office and “concen-
trating” those lines over a smaller number of trunks
extending to the office in a ratio, for example, of five lines
to one trunk, significant savings can be effected.

Certain prior art concentrators employ the so-called
“delayed disconnect” technique wherein when a line is
extended over a trunk to a central office and the con.
versation has terminated, the line-to-trunk connection
1s not necessarily broken. Instead, the connection is al-
lowed to remain and the path is disconnected at a later
time when the trunk is required to service another call,
1.e., there is a delayed disconnection of the line-to-trunk
path. The advantages inherent in such an arrangement
include the capability of continuing partial operation of
the lines connected to the concentrator in the event of a
failure of the control equipment in the concentrator. In
addition, since the trunks remain connected to specific
lines previously used in conversation connections, a re-
call (a second call) by a particular line can be effected
more rapidly since the line is directly connected over a
trunk to its unique position or termination at the distant
office.

In some prior art arrangements, it has been the practice
to preselect a particular trunk for utilization on the
next succeeding service request or terminating call. Since
the identity of the trunk to be used is thus known before-
hand, it is possible to effect a connection at the remote
unit between the line and the preselected trunk immedi-
ately upon the origination of a service request call at the
remote umt. Although advantageous, operative and use-
ful, it is possible for certain difficulties to ensue in such a
procedure.

For example, it may be assumed that substation 3 at a
remote unit is initiating a call to a distant customer. Upon
the detection of the service request signal at the remote
unit, the control unit of the concentrator at the central
office may respond to effect a connection between the pre-
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selected trunk at the control unit and the line termination
In the central office unique to the calling line. Concur-
rently, the remote unit may operate to extend a connec-
tion between the calling line 3 and the previously selected
trunk, e.g., trunk 5. Thereafter the remote unit transmits
a “successful closure signal to the control unit indicating
that the line has been connected to the trunk. However,
although it is possible to verify that the remote unit line
has been connected to a trunk, it is not always feasible to
insure that the calling line has been connected to the
preselected trunk or indeed to the same trunk to which
the control unit has extended a connection. Since the
remote unit of the concentrator and the control unit com-
municate with each other over signal contro] paths, addi-
tional possibilities for error are introduced. The problem
is compounded by the nature of telephone concentrator

~operation and delayed disconnect procedures.

Thus, if in the assumed eXample, the subscriber at
substation 3 is not connected to preselected trunk 5 but
instead to trunk 7, whereas the termination unique to the
substation at the office is correctly connected to trunk 5,
no complete path will extend through the system between
the calling substation and the central office. Particularly
where the switching apparatus may be of the magnetic
latching type, it is possible for the calling . substation
to be connected at the remote unit to the incorrect trunk
which is “open ended” at the control unit and as a result
does not receive dial tone. Moreover, in view of the clos-
ure of the crosspoint contacts in the remote concentrator,
the substation line is disconnected from the usual sensory
equipment (e.g., line relay) at the remote unijt and his line
may be completely “dead”—no dial tone and no sidetone.
If the customer receiving no dial tone replaces his re-
ceiver in order to effect another call, his line will, dis-
concertingly, remain dead—in consequence of the delayed
disconnect philosophy in which the line remains connect-
ed to the trunk after a conversation has been completed.

It 1s therefore an object of this invention to provide for
the verification of a line-to-trunk connection to insure
that the remote unit is connected to the correct trunk,

An additional

object of this invention is to provide for-
of the identity of the trunk to be utilized
in a connection to a distant concentrator unit for com-
parison with the identity of the trunk actually utilized in
completing the call. - |

In general, prior art line concentrators have been ex-
pressly designed to service telephone customers by effect-
g speech communication paths among the customers.
However, the transmission of data signals is receiving
increasingly greater attention from telephone switching
technologists and it has been reliably predicted that data -
transmission volume will exceed speech transmission vol-
ume 1n less than a decade.

If the nature of data transmission is examined, it may
be seen that the duration of g particular data connection
may in some instances be a matter of seconds, for ex-
ample, fifty-five seconds. During this period a data ma-
chine at the particular location may transmit data to a
memory or store at a distant location at a high rate of
speed. Since the transmitter and recejver may conceivably
be several hundred miles distant from each other, toll
facilities or other expensive communication channels may
be involved.. As a result, the utilization of some conven-
tional prior art concentrators for data concentration pur-
poses might prove economically unsuitable. This is attrib-
utable to the “call setup” time of prior concentrators
which may, for example, approach several seconds. Under
these conditions the time during which the toll channels
are seized merely for the purpose of setting up the call
may approach the same order of magnifude as the time
utilized in actual data transmission. The unique dis-
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advantage of such an arrangement is manifest as. shown

in the following example. |
It may be assumed that a concentrator provides service

to an airline having a central or national reservation center
having sufficient memory facil--
ities to catalogue the flights (and reservations on those

which includes a computer

flights) of the entire airline. Thus, for example, a ticket
agent in Boston will be. able to transmit signals to the cen-

tralized computer facilities in New York requesting a
reservation from the data substation in Boston..
In New York, the data signals are reconverted by a data
1patible.

fiight

substation rteceiver to impulses which are cor
with the computer itself. The computer will examine its
stored reservation information in the memory portion. of

the computer to ascertain if

will be only a matter of seconds.
Thus, as indicated from the airline reservation hypo-

thetical example illustrated above, it is. apparent that the -
New York and Boston will
he utilized only for a few seconds in distinction :to- a
voice transmission arrangement Int which conversations

data transmission line between

are of necessity of much longer duration. In consequence,
a prior art telephone switching arrangement which -re-
quires several

ervation system where a high volume of individual: in-

quiries by the agents throughout the country are con-
tinuously being forwarded to the centralized memory facil-.

space is available on the
desired flight and will transmit the answer back to the
inquiring airline ticket agent. 1t is expected that the elapsed -
time for transmission of the answer to the ticket agent

seconds or more to establish a connection
which only lasts a few seconds would appear economically
inefficient. This is particularly the case in the airlines res-

" stored)in the shift register is transir

- 4
dition at the remote substation. Facilities -are provided
for identifying the line requesting service and: delivering
the line identity to an electronic shift register. Upon ap-
propriate storage of the line.information, the high speed
signaling circuit: 18 “energized and the line. information
nitted to a correspond-
ing shift register control unit in seriatim, and a crosspoint

~is operated. at the remote unit coupling the preselected

10
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ities. It is apparent that a switching arrangement. which

‘requires minimum time to complete the connection is- .

necessary. .

It is therefore an additional object of this invention to -

provide data line concentrating facilities including ar-
rangements for minimizing concentrator call setup fime.

These and- other objects
are achieved in. a specific illustrative embodiment 1n
which data substation lines are

and features of the invention .
40
concenirated at a remote
location and extended to the terminating central office .
over shared channels or trunks. In the present arrange--

ment .and in view of .the likelihood that computers Or- |

other data originating devices may be separated from

each other by extreme distances, for example hundreds
of miles, the facilities have been designed to permit trans-
mission over extended paths. |

The arrangement includes two remote. concentrator
anits at which the data lines are terminated and a
control unit at the central office for governing the opera-

tion of both remote units. Broadly, the configuration in-:

cludes a convergence from approximately eighty - lines-

single

45

50

at -each remote unit to sixteen trunks coupling each unit

to the .control unit at the office. A divergence takes place -

2t the office through a switching network whereby the
lines are re-expanded to a number
in number to the number of lines.

In order to effect a rapid interconnection of

control unit, electronic logic and buifer circuitry are uti-

lized in the remote units and the control unit in conjunc-

tion with: high speed electronic signaling equipment.
Thus, although rugged and reliable electromechanical

crosshbar switching equipment is: employed. to ‘actually
effect the line-to-trunk connection, the control signaling.

and the processing of the control signaling is done elec-
- tronically. In consequence, the control steps necessary 1o
effect a call may in large measure be done at. microsecond

rates by the electronic circuitry in lieu of the much longer

times required for electromechanical signaling and con-
trol circuitry. . | |

A typical service request call from a -substation- con-

nected to a remote unit is initiated by an off-hook con-

of terminations equal

the calling
line to the office and in view of the necessity for extensive
control signaling traffic between the remote units-and the
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quest. When
in the shift register at the
15

to the line,

trunk to the service requesting line.

When the control unit receives the first pulse (prelimi-

‘nary pulse) transmitted by the remote unit, it stores the.

type of call being originated-—in this case a service re-
the last bit of line information is received
' control unit, a signal is delivered -
to the electromechanical equipment in the control unit
which. causes the line information stored in the shift regis-
ter to be transferred to a relay register and a crosspoint
:n the switching network at the control unit to be Opera_ted- |
thereby effecting a connection from the line termination
unique to the service requesting line 1o the preselected
trunk. _
When the control unit has completed its -connection
the number of the trunk actually employed to
effect the connection is delivered to the shiit register.
Subsequently this information is forwarded by the elec-

tronic signaling circuitry to the corresponding shift regis-

When it has has been determined
that the entire trunk identity has been received in the
shift register at the remote unit, logic circuitry thereat.
controls its transter to the ele-ctmmechani_c_al;registers 1n
the remote unit. Equipment in the electromechanical con-
trol circuitry at the remote unit accepts the trunk number
transmitted from the control unit and compares it with the.
trunk -number stored in the remote unit indicating the:
trunk utilized in extending the line connection at the re-
mote unit. In this manner the actual.connection of the re-
mote line and its corresponding oflice termination to the
same trunk are ascertained.

When the vertification is complete, 2 signal is returned
to the control unit preparing the circuit for release. A
signal is delivered to the remote unit causing release of
the equipment thereat and a check signal 1s returned to
the control unit, in turn causing the release of the con-
trol unit equipment, - | -

On 2 terminating call to a line connected to the remotie
unit, the operation at the copirol unit is initiated when,
in the conventional manner, a ground condition is-applied
+o.the sleeve conductor of the called line. A relay 1s Op-
erated in consequence of the signal applied to the sleeve
conductor and, in turn, operates other relays which iden-

ter at the remote unit.

tify the called line number and register the line identity

in the electromechanical equipment. The information thus
stored in the electromechanical equipment is delivered to
the electronic.shift register in the control unit - for trans-
mission. In addition to the line identification, the type of
call (terminating call) together with a preliminary pulse
are stored. In addition, a crosspoint is operated at the re-
mote unit to couple the preselected trunk to the called
line termination. | |

In response to a signal from the electromechanical
‘equipment, the electronic shift register transmits its con-
tents to its companion shift register at the remote unit
associated with the called line.

At the remote unit, the information thus transmitted is
transferred to the electromechanical or relay registers. In
response to the particular line identity, a hold magnet is
operated in the remote unit to couple the called line to

~ the preselected trunk.

At this: time, and in order to verify that the frunk
actually utilized for extending the. connection at the re-
mote unit is the same trunk utilized at the confrol unit,
arrangements are provided for delivering the identity of
the trunk actually connected at the remote unit to the
shift register thereat. The trunk information is transmitted -
from the remote unit to the control unit where it is stored
in the shift register and ultimately delivered in. parallel
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to the electromechanical equipment at the control unit.
The identity of the trunk thus received is compared with
the trunk used on the connection at the control unit and
if a verification of correctness is effected, a release signal
13 delivered to the remote unit. When the equipment at the
remote unit is released, a check signal is delivered to the
control unit, in turn causing the equipment thereat to re-
lease,

Since delayed disconnect facilities are employed where-
in a line remains connected to a trunk after the conclu-
sion of conversation and when the substation goes on hook,
a disconnect call must be made after each service request
or terminating call. In short, the sixteen trunks which col-
ple each remote unit to the control unit are arranged in
order that fifteen of the sixteen are always connected to
lines. The sixteenth trunk is a preselected trunk available
for use on the next service request or terminating call.
Thus, on each call whether service request or terminating,
all sixteen trunks are engaged. It is, therefore, necessary
to detect an idle trunk among the sixteen and prepare it
tor disconnection from the idle line.

The procedure utilized on a disconnect call is similar
to that required for a terminating call with the exception
that the identity of the line need not be transmitted and
instead the identity of the trunk to be disconnected at the
remote unit is transmitted. The checking or comparison
of the actual trunk disconnected at the remote unit with
that disconnected at the control unit is performed in a
manner also similar to that described above.

A feature of this invention includes facilities for verify-
ing the connection of a line to a particular preselected
trunk at the remote unit.

Another feature of this invention includes arrangements
for wverifying the connection of a line termination at the
central office unique to a concentrator line to 2 particular
preselected trunk.

Still another feature of this invention includes arrange-
ments for verifying that a line is connected to a trunk at
a remote unit and the corresponding line termination at
the central office is connected to the same trunk in the con-
trol unit. _.

A further feature of this invention includes arrange-
ments for preselecting an idle trunk after each service
request and terminating call.

An additional feature of this invention includes facilities
for disconnecting a preselected idle trunk after each service
request and terminating call.

An additional feature of this invention includes shift
register circuitry for storing information respecting line
and trunk identities in parallel form and for transmitting
the information thus stored in serial form.

~Another feature of this invention includes shift register
apparatus for receiving information in serial form respect-
ing line and trunk identities and for discharging the in-
formation thus received in parallel form.

Still another feature of this invention includes arrange-
ments for maintaining all but one of the trunks in the
concentrator connected to lines independent of the off-
hook or on-hook condition of these lines.

Still another feature includes arrangements for signaling
between concentrator units through the use of two-out-of-
five code frequency shift pulsing techniques. -

A further feature of this invention mcludes arrange-
ments for maintaining at least one frequency on control
conductors extending between the remote units during
standby conditions.

A further feature of this invention includes arrange-
ments for transmitting supervisory signals between the
distant units by removing all signal frequencies from
the control conductors.

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:
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FIGS. 1A-1D include a specific illustrative embodi-
ment ot 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 the magnetic
latching type for the remote unit ; -

FIG. 4 includes the relay circuitry responsive to the
shift register circuitry of FIGS. 5 and 10;

FIG. 5 shows a portion of the shijft register circuitry
utilized in storing information received from and trans-
mitted to a central office; |

FI1G. 6 includes the cascaded binary cells utilized in
timing 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 cross-
bar 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 FIG. 5 ;

FIG. 11 includes timing flip-flop elements wutilized 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 re-
questing line:

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

F1G. 15 includes the receiving and transmitting equip-
ment for use in conjunction with comparable equipment
at the control units for transmitting and receiving con-
trol mformation; *

FIG. 16 includes the binary counter circuitry respon-
sive to the local oscillator for timing the concentrator
control operations:

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

FIGS. 17 and 18 show the crossbar switch circuitry for
control unit O: | - -
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 contro] functions:

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

FIG. 23 includes the select magnet operating and
trol circuitry for the crossbar switches |
18;: .

FIG. 24 includes checking circuitry for the shift regis-
ter and select magnets of FIG. 23: |

FIG. 25 includes relay circuitry for preventing double
sg'zuye 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 additiona] timing circuitry for gov-
erning the control functions of the concentrator:

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

FIG. 29 includes the details of the trunk selection cir-
cuitry for both remote units :

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

FI1G. 31 includes additiona] shift
In conjunction with that of FIG. 26;

responsive to

register circuitry used
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FIG 32 includes a binary counter for use in governing
the timing of control functions in the
line concentrator; |
FIG. 33 shows the relays used i registering the identi-
fication of a line being serviced; |

control unit of the

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 re-

sponsive to the shift register;

FIGS. 36 and 37 :nclude additional relay circultry for

exercising control functjons 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 control relays of the control unif;

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

FIG. 41 includes

FIG. 41A shows relative

FIGS. 42-44 disclose the
Not gates;

FIG. 45 shows the details of
cuit; |

FIG.
flip-flop package;

FI1G. 47 shows
:n FIGS. 2—41 in outline form;

FIG. 48 shows the details of the multivibrator circuit;

FIG. 49 shows

auxiliary input relay circuitry;
disposition of FIGS. 2-41;
detailed circuitry of the Or-

the binary counter cir-

26 and 31;
FIGS. 42A-49A show
the circuitry set forth in FIGS. 42-49, respectively;

FIG. 50 shows the details of the discriminaior cir;_:uit

shown in outline form in FIGS. 15 and 20;
FIGS. 50A and 50B show- the
of the circuitry set forth in FI1G. 50 and

_ located, respec-
tively, at the remote unit and control unit;

FIG. 51 shows the details of the guard interval timer

15GIT and 20GIT0/1; -
FIG. 52 shows the details
tector shown in outline form in FIGS. 15 and 20;
FIG. 53 shows
15M and 20M0/1;

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
201.0/1;

FIG. 57 shows the
15FR and 20FR0/1; and

FIGS. 51A-57A show

of the circuitry set forth n FIGS.

The above-referred-to circuitry is
the present specification. and 1o application
344 981, filed on even date herewith of Rettig-Stagg and
" also application Ser. No. 344,863,
with of A. R. Trumbull.

In describing the invention,
been given a general treatment followed by a detailed
description in accordance with the following index.

INDEX

of the limiters 15L and

5157, respectively.
jointly described in

(1) General Description :
Components |
(2) General Description of Operation:
(2.1) Service Request Call
(2.2) Terminating Call
(2.3) Disconnect Call
(2.4) Service Denial Call
(8) Detaliled Description of Major Components::
(3.1) Line and Trunk Switching—
(3.11) Remote Unit
(3.12) Control Unit.
(3.2) Signaling—
(3.21) Send Circuit, Modulator

(3.22) Send Circuit; Filter and Power Amplifier

46 is a detailed rendition of the circuitry of the
the details of the monopulser described
the details of the monopulser for use
in the shift register shown in outline form in FIGS. 5,10,

the symbolic representation of

symbolic representation -

of the signal present de--

the details of ‘the modulator circuit

components of the receive filter

the 'rsymbolic representation :

Ser. NoO..

filed or even date here-.

the subject matter has

(1.1) General Desecription of Major
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and select magnet facilities

3.23) Receive Circuit, Filter and Limitfer
3.94) Receive Circuit, Discriminator (FIG.
3.95) Signal Present Detfector
3.2¢) Guard Interval Timer
(3.3) Synchronization—
(3.31) Shift Pulse
(3.32) “Write” Pulse.
(3.33) Call Progress Pulse
(3.4) Trunk Selection— |
(3.41) Trunk Preference and Selection on Normal .
Disconnect Call
(3.42) Trunk .Preference
Disconnect Call

50)._

and  Selection on Special

(3.5) .Line Identification
(8.6) Call Preference
(3.7) Electronic Logic Circuitry—
Basgic Or-Not Gate
} Flip-Flop
) Shift Register
} Monopulser .
) Oscillator
( Binary Cell
(4) Detailed Description of Service Request Call :
(4.1) Line Relay and Lockout Relay Operation
(4.2) Transferict Information to Shiff Register
(4.3) Transmission of Line Identification to Office
(4%);g{e'ception of Line Identification at Office Control.
ni
4.5) Registration of “Early”’ Dial Tone Start
4..6) Select and Hold Magnet Operation
4.7) Transmission of Trunk Information to Remote Unit
4.[?) _ }';I‘r_unk Number Storage in Shift Register at Remofe
nit
(4.9) Trunk Number mranslation and Match Check at
Remote Unit : |
(4.10) Release of Trunk Register at Remote Unit-
(4%_1‘_)1:536163,8.& of Tlectromechanical Circuit at Control
niv '
Detailed Description of Terminating Call:
(5.1) Start Signal to Remote Unit
(5._21):- Transmission of Information Stored in Shift Reg-
ister -
(5.3) Select Magnet Operation and Hold Magnet Opera-
tion at Control Unit |
(5.4) Trunk Check on Terminating Call
Disconnect Call:
(6.1) Start of Disconnect Call
(6.2) Trunk Preferenceon a Normal Disconnect Call
(6.3) Trunk Preference on & Special Disconnect Call
(6.4) Line Identification on a Special Disconnect Call
(6.5) Trunk Check at Control Unit
dervice Denial Call |
Release Service Denial ‘Call
-Timing Operations and Checking Circuits:

(
(
(
(
(9)

(6)

— o g,
O o ~d
L Y

(9.1) Recyele Timing -
(9.2) Timing for Release of Relay 39RL1
(9.3) Timing for:Release of Relay 39RL2 -
(9.4) Overall Timer__ |
(9.5). Hold Magnet Fajilure Relays
(9.6) Trunk Check Failure Relay
- (9.7) Hold Magnet Timing |
(9.8) Trunk Overfiow Cireunit

(10) Preference Control:

0.1) Terminating Preference .
0.2) Line Lockout Preference
0.3) Trunk Group Busy: -

(1) GENERAL DESCRIPTION

- Referring now to FIGS. 1A through 1D which show .
the concentrator:in outline form, it 1s seen that the single |
control unit at the office serves two remote units 0 and. 1,
the former being shown in outline form and the latter
generally.

(1.1) General description of major components

A number of subscribers which may illustratively total
as many as seventy-eight at each remote unit are coupled.
to line circuits 10 in the office. The lines are further ex-
tended 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 control unit. At that location the
ines are re-expanded through the switch to a number of -
line circuits 151 in the office equal in number to the re-
mote substation lines. | S |

The electromechanical portion of the remote unit 0 1s
shown in FIG. 1A and. includes control facilities- 15 for
selecting the particular hold magnet (unique 10 a line)
16 (unique to a trunk) to ex-
tend connections therebetween. In addition, a signal In-
put circuit 17 and signal output-circuit 18 act as buffers
between. the electronic circuitry of FIG. 1B and the
clectronic circuitry of FIG. 1A A line lockout circuit 19
‘ncludes facilities responsive ‘to the energization of a
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relay in line circuit 10 to identify the relay and deliver
the information to the line register 100,

The trunk register and preselection circuit 181 is
adapted to receive information from the control unit
indicative of a preselected trunk and the disconnect con-
trol circuit 102 is effective when directed by the control
~unit to disconnect a particular line from a trunk which
1s preselected for the next service request or terminating
call.

Substantially all operations in the electromechanical
circuitry are checked in checking circuit 103. A timing
circuit 164 is effective when the performance time of a
particular function exceeds a predetermined time inter-
val to effect a release of the equipment and to recycle or
reinstitute the same function through sequence control
circuit 195. |

A. signal control circuit 186 at the remote unit is ef-
fective to energize the electronic circuifry in preparation
for signal transmission or reception. Release control cir-
cuit 154 is operative to supervise the release of all of the
control circuitry in the electromechanical equipment and
ultimately the only devices remaining operated in the elec-
tromechanical portion are the hold magnets which are
magnetically latching and, therefore, do not require a
continuous power supply as explained herein.

A data unit 308 adapted to initiate and receive data
messages 1s used in conjunction with each substation 107.
T'hus, an off-hook condition at the substation will initiate
a combined data transmission path and speech transmis-
ston path through the concentrator in the manner ex-
plained herein.

All of the signal transmission to and from the control
unit is effected by high speed electronic circuitry shown in
outline form for remote unit 0 in FIG. 1B. The point of
ingress and egress for information to the electronic cir-
cuitry i1s the shift register 199 which is adapted to deliver
information in parallel to the electromechanical equip-
ment as well as receive information in parallel from the
electronic equipment through the buffer stores 17 and 18.
Moreover, the shift register is arraneed to deliver informa-
tion serially to the sender circuit 110 and to receive in-
formation in serial form from the receiver circuit 111.
The overall sequence of operation of the electronic cir-
cuitry is reposed in control circuit 112. The basic pro-
gram of operation of the shift register in receiving and
transmitting information is controiled by the clock gen-
crator 113 and the number of
measured by counter 114,

The basic elements of the sender circuit include a
modulator 115 responsive to binary conditions at the out-
put of shift register 169 to deliver corresponding mark or
space signals on a frequency shift basis through filter 116
and power amplifier 117 over control conductors 118 to
a corresponding receiver for remote unit 0 at the con-
frol unit.

Transmission from the control unit to the remote unit
O takes place over control conductors 119, transformer
12% and filter 121 where the signal is delivered to a Sig-
nal present detector 122. The latter meters the time during
which a signal pulse is applied to verity that the trans-
mission is a valid signal and that it exceeds a predeter-
mined length and is not a “hit” or transient, spurious
signal. If the signal is valid the control circuit 112 as
well as the clock generator 113 are activated and specific
signals are delivered from filter 121 through limiter 155
to the discriminator 123 which identifies the signals as
mark or space and delivers corresponding binary indicia
to the shift register 189 which at this time is advanced un-
der 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 controls 15 and
16 of the remote unit. The line lockout circuit 126 acts
In response to sleeve relays in the line circuit 153 in a
manner analogous to the response of line lockout circuit

program repetitions is
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10

19 to the line relays of line circuit 10. The information
translated in line lockout circuit 126 is delivered to reg-
ister and check circuit 127. The timing circuit 128, re-
lease control circuit 129 and signal control circuit 136 per-
form functions similar to their counterparts at the remote
unit. ‘The preference control circuit 133 is effective to de-
termine the trunk which is preselected for the next serv-
ice request or terminating call. The trunk thus selected
is stored in the preselected trunk register 134. The trunk
busy control 135 ascertains the number of trunks which
are in the busy condition.

The electranic 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 remote
unit 0 and remote unti 1 although the shift register 136
and the related control equipment is common to both
remote units. |

(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 16 is operated. The
line lockout circuit 19 is energized to operate a particular
tens relay and units relay identifying the calling line.
Thereafter the information is transferred to the line reg-
ister circuit 160 and checked in the checking circuit 103.

Under the control of circuit 106 the information stored
in the line register is delivered through buffer circuitry 18
to the shift register 109. The signal control circuit 106
delivers a start signal to the electronic control circuit 112
which initiates the operation of the clock generator 113 .
to activate the shift register 109 and the counter 1i4 for
the purpose of delivering the line identification to the
contro] 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 1o the receiver circuit for
remote unit 0 at the central office.

When the signal present detector 114 recognizes a
legitimate signal (as distinguished from a “hit” or tran-
stent), it enables the control circuit 139 which in turn
energizes clock circuit 137 to govern the storage of the
line identity in the shift register 136. In the interim, the
conirol signal pair 149 extending to the remote unit 1
1s disabled to prevent the transmission of a service request
by that unit, and in consequence, the remote unit 1 dis-
ables 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 informa-
tion thus stored is transferred on g parallel basis through
signal input buffer circuitry 131 to the line register and
check circuit 127. When the line information is registered
and checked in the circuitry of FIG. 1C, the hold mag-
net 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
untt, in the interim, the select magnet corresponding to
the preselected trunk was operated followed by the oper-
la_,tion of the hold magnet unique to the service requesting
ine. |

The trunk identity of the trunk at the control unit
utiized on the call is delivered o signal output circuit
132 and subsequently transferred to the shift register
136 in parallel. The information thus transferred repre-
sents the identity of the actual trunk utilized in com-
pleting the call, |

At this time, a procedure is initiated for fransmitting
to the remote unit the identity of the trunk stored in the
It should be noted that the remote unit is
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already aware of the identity of the preselected trunk
and, in fact, has

questing line to

ing the connection at the remote unit 18
trunk actually utilized . 1n.

control of clock circuit 137 to transmit
identity to the remote unit through modulator 149, filter

cuit at the remote unit. This information: is stored in the
shift register 189 in the
the transmission of trunk information is completed, the
electronic logic circuitry including control circuit 112 de-

livers a read-out signal to signal control circuit 186 which
in turn: effects the storage of the trunk - information 1
sienal input buffer circuit: 17 in parallel. The trunk num--

ber is thereafter delivered to the trunk register circuit 101

where it is compared with the trunk number actually

used in .completing the connection at the remote unit.
Subsequent to the transmission of trunk information
by the control unit, the signal pair to the remote unit O
is disabled (opened). In response thereto,
releases trunk register 101 and

control unit for release.

The control unit thereafter enables or closes the signal

pair; 119 to the remote unit effecting the release of the )
30

remote unit. When the release is checked by release circuit :
154, the signal pair 118 to the control unit is again closed .

solid state logic circuitry and -the control relays at the

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
quiescent except for the continuous transmission of the
spacing signal by the sender circuits. Since the hold mag-
nets of. the crossbar switches 11 and 130 are magnetl-
cally
and data unit 108 through line circuit 10 (
bridging impedances have been removed), crossbar
11, preselected trunk 12, crossbar switch 150 to the unique
termination in the central office line circuits 151 to which

<ubstation 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.
+o the concentrator line is, in fact, not directly terminated

ot 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, con- -

versation and/or data transmission takes place in the con-
ventional manner. However, when the conversation or
data transmission is completed and the substation 107 is
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 sub-:

scriber’s line remain held operated or magnetically
iatched. Thus, although the subscriber -at substation 167

has returned to the on-hook condition, a direct connection

extends through the concentrator switching network to the .
~~e line termination unique to the substation
line. Moreover, all but one of the illustrative sixteen .
trunks are maintained in this “cut-through™ condition and,

central o

in consequence, 15 of the approximately 80 substations are

always directly connected to the office. The advantages of -
such an arrangement 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 substation returns to the on-hook condition, is corre-

spondingly diminished since the operating time of the.

concentrator:is no longer effective.

presumably connected the service re-
the preselected trunk by the operafion
of the select and hold magnets as described above. How-

ever, to verify that the trunk actually utilized in complet-

the same as the
completing the connection at
the control unit, the shift register 136 is activated under
the actual trunk

| ©l 10
147, amplifier 148 and conductors 119 to the receiver cir-

1anner described above and when

remote unit U .
in turn causes the signal 29

pair 118 to the control unit to be opened to prepare the .

latched, a path may be traced from substation 107
from which all’
swiich.
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(2.2) Terminating call

A 'termina_ting 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 oper-

ation 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 asso-
ciated with the preselected trunks 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 0). In
consequence, the remote-unit 1 disables the signal pair to-

‘the control unit. The receiving circuit in the control unit

detects that the signal pair from the remote unit has been
disabled.:

After registration is completed and checked, the line

identification is transferred  to
through signal output. circuit 132, At this time the elec-
tronic logic circuitry energizes the shift register :136 to -
transmit the line identification to the remote unit in a
manner analogous to that described above for transmis-
sion of line information during a service request call.

At this time the hold magnet control circuit 124 oper-
ates and checks the hold magnet in the crossbar switch
159 unique to the line being called.:

At the remote unit the information transmitted 1s. stored
in the. shift register 109. The select magnets associated
with the preseleced trunk arre operated by select magnet
control -16. Upon completion of transmission, the line in- -
formation is delivered in parallel from the shiit register
through the signal input circuit 17 to the . line register
circuit 100. Upon registration of the line information, the

‘the shift register 136

‘hold magnet control 13 energizes the appropriate hold :

magnet. -

When the hold magnet is operated, the number of the
trunk used on the call is delivered through the signal out-
put 18 to the shift register 169 and is thereupon trans-
mitted to the control circuit. The signaling circuitry in the
control unit receives the information and thereupon opens .
the signal pair 118 to the remote circuit. Upon completion
of transmission of the trunk identity, the remote unit
opens the signal pair to the control unit. |

Apgain, the control unit detects the opening of the signal
pair from the remote unit and delivers the trunk identity .
to register 127 where it is stored. The trunk number thus -
received is compared with the trunk number used for the
actual connection at the control unit and if these numbers
agree, the electromechanical equipment in the control unit
is partially released and the signal pair to the remote unit
is again closed. The closure of the signal pair 119 Is .
detected in.the remote unit and. results in the release of
the equipment thereat. When appropriate release is veri-.
fied, the signal pair 118 to the control circuit is closed, 1 -
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 discon-
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nection is ascertained in a manner explained hereinafter
in detail and the line coupled to the selected trunk is iden-
tified. The sequence of operations for a disconnect call 1s
similar to that described above for a terminating call ex-
cept that no select magnet will be operated and instead the
hold magnets will be released. Moreover, the number of
the triunk to be disconnected is sent to the remote unit in- .
stead of the line number.

(2.4) Service denial call

A service denial call is utilized, in part, for preventing

‘trouble. conditions on a substation line from holding a
75 '

trunk out of service. In effect, the service denial.call pre- -
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venis origination or termination of calls to the service
denied line. |

The sequence of operations for a service denial call is
similar to that described above for a terminating call
but the select magnets are not operated. Thus, when the
hold magnets are operated alone, no crosspoint contacts
are closed and the line is cut off. The denial condition
remains in effect until a release service denial call is
made which too is similar in operation to a terminating
call with the exception that the select magnets are not
operated and the hold magnets are released.

(3) DETAILED DESCRIPTION OF MAJO
COMPONENTS |

(3.1) Line and trunk switching
(3.11) REMOTE UNIT

Referring to FIGS. 2 and 3 at the remote unit and
corresponding FIGS. 17 and 18 at the control unit, cross-
- point networks of the magnetic latching type described
in an article entitled “Magnetic Latching Crossbar
Switches” in the Bell System Technical J ournal, Septem-

ber 1960, at page 1351, are utilized. The magnetic latch-

ing facilities include hold magnets (vertical magnets)
which remain operated wuntil deliberately released. No
additional power drain ensues once the vertical magnets
have been operated. Since the delayed disconnect arrange-
ment described generally 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,
for switch A of FIG. 2, 20 lines, (-19, are coupled to
the verticals and 16 trunks including conductors T90
and R0 through T15 and R15 are coupled to the hori-
zontals. Switch levels L8 and L9 are used for selecting
one of the two trunks coupled to each horizontal level

LO-L7 (of which only L0 and L7 are shown). In this

manner, substation 0 may be connected to either trunk
T€¢0 and R0OO or TO1 and RO1 depending on which steer-
ing level switch, L8 or L9, is closed.

(3.12) CONTROL UNIT

A substantially similar analysis may be made with
respect 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 0 may be connected to the appropriate
line by closing the crosspoint contacts on one swifching
level, LO-L7, and one steering level, 18 or 19. The
switches at the control unit depart from those at the
remote unit in that a full complement must be provided
for the lines of remote unit 1 as well as remote unit Q.
Thus, the switches for remote unit 0 are shown in detail
on FIGS. 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 cross-
bar 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 FIGS. 15 and 20 and 1n further detail
in FIGS. 50-58. The sending circuit includes g modulator
shown in FIG. 53, a send filter shown in FIG. 55, and
a power amplifier shown in FIG. 54.
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The receiving circuit includes a limiter shown in FIG. 715

‘rupted, thereby opening the control pair

o 14 _
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 is controlled by a transistor
switch Q1 which has a potential approaching ground
applied to the base thereof or an off-normal potential
of approximately 6 volts. The tank circujt 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 fre-
quency at the control unit (F2S). '

When the input to the base conductor A i1s changed
to +6 volts, the frequency of oscillation is modified to
2225 c.p.s. representing the mark frequency at the control
unit (F2M),

The output of the modulator is delivered through a
normal contact of relay 38010 in the case of the send
circuit 0, in parallel with a combination of make con-
tacts of relays 41SR0O, 28TERO and 41ATCO1 to the
send filter of FIG. 55. %

(3.22) SEND CIRCUIT, FILTER AND POWER AMPLIFIER

The latter filter is a bandpass filter substantially in the
range of 2025 c.p.s.~2225 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 de-
livered to transistor

ing to the appropriate remote unit.

The purpose of providing the contacts of relays 38010,
41ATCO1, 28TERO and 41SR0 intermediate the modula-
tor and the send filter is to contro] the path at the output
of the modulator. By interrupting this path all signal
frequencies emanating from the sender mav be inter-
to the remote
in detail, this
unit to initiate

unit. As indicated above and also herein
condition represents a signal to the distant
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 receive 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 R9 comprise the first stage of amplification
along with potentiometer R10 and capacitor C3. Capacitor
C3 is an alternating-current bypass path and is used with
potentiometer R10 to control the gain of transistor Q1.
Transistor Q2 with biasing resistors R11, R12, R13 and
R14 comprise the second stage of amplification. Capacitor
C6 and varistor RV1 are the first stage of limiting, The
third stage of amplification consists of biasing resistors
R15, R16, R17 and R18 with transistor Q3. Capacitor
C7 and varistor RV?2 provide the second and final stage
of limiting.

Transistor Q4, biasing resistors R19, R20 and R23 and
the alternating-current bypass network C9 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 transistor
stage (QS) with biasing resistors R4 and R24 and poten-
tiometer R2 is an emitter follower stage which feeds the
signal present detector of FIG. 52. | |

Capacitors C1, C4, CS$, C8, C1¢ and C11 are used to
couple the outputs and inputs of the amplifier stages. Re-
sistor R6 and capacitor C2 provide an alternating-current

bypass path for the positive power supply: and resistor
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R22 and capacitor C12 provide an alternating-current by-
pass path for the negative power supply.

(5.24) 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--
frequency. The two tank cir-
cuits in series represent the load for transistor Q4 of the

former T2 for the 1270 c.p.s.

limiter described in Section 3.23.
A diode bridge is across the output side of gach trans-
former. Diodes CR1, CR2, CR3 and CR4 form a neg-

atively polarized bridge for the tuned circuit T1 and C1.
frequency and

This tuned circuit recognizes the 1070 ¢.p.s.
when it is present develops a negative potential -across the
load resistor R1.:

Diodes CRS, CR6, CR7 and CRS8 form a positively
polarized bridge for the tuned circnit T2 and C2. This-

tuned circuit recognizes the 1270 c.p.s. frequency and de-

velops a positive potential across the load resistor R2 when

tuned such that the frequencies are sufficiently far apart
to produce resonance for only one tuned circuit per fre-
quency. | |

Capacitors C3 and C4 are smoothing capacitors to filter

out the alternating-current ripple after detection. The Sig-
nals obtained at terminal 1 of inductor L1 are fed through
the low pass filter consisting of inductor 1.1 and capacitor
C5 to the base of transistor Q1. Provision is made fo cen-

ter the position of the discriminator S-shaped curve by 30

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
it in the conducting or “on” state. With transistor Q2 “on,”
the output is “near-ground” '

transistor Q2. The input terminal to the base of transistor

Q2 and resistor R11 are used to make transistor Q2 an
“Or-Not gate.” This lead is under control -of the signal

present detector (Section 3.25 infra) and will have a “near-
ground”
- 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 “rear-
ground” potential from the signal present detector to ter-
minal 1, will now turn transistor Q2 “off.” This places

.12 volts at the collector of transistor Q2. Thus, a mark
potential output at termi-

input provides an “off-ground”
nal 1, while a space input provides a “pear-ground” poten-
tial output.

The purpose of resistor R16 and capacitor C6 is to pro-

vide positive feedback to transistor Q1 to give sharp tran---
sitions at the collector of transistor Q2 as transistor: Q2

switches on and off. |
(3.25) SIGNAL PRESENT DETECTOR
The signal present detector

o5 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 as-

sociated with this fifth stage on the limiter controls the -
_ through transformer T1
and rectified by the diode bridge CR1, CR2, CR3 and
CR4. Resistor R23 provides the load for the bridge and.
capacitor C4 provides a smoothing effect. The -rectified
signal is fed through resistor R24 to the base of tran-

input level. This input is coupled

- sistor Q7.

With no input signal,
This presents 12 volts through resistors
to the base of transistor Q8. This “off-ground”
will turn transistor Q8 “on.” The collector load of tran-

sistor Q8 normally consists of a reed relay (e.g. relay

potential at the collector -of_ |

potential present when the signal present detector

is responsive to the space
frequency to.present a “zero” condition to gate 20STOG
and inverter 20STAOL The latter operates relay 20ITA0

) |
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transistor: Q7 is in the “off” state. ..

R25 and R26
potential

it is present. In each case the discriminating network 1S _20 |

removes .the base current to transistor
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20ITAQ) to +12 volts connected at the collector termi-
nal. If the rectified signal at the base -of transistor Q7 18
sufficiently positive, transistor Q7 will turn “on.” This pre- .

sents “near-ground” potential to the base of transistor Q8
to turn it “off.” This will remove the “pear-ground’’ poten-

tial from the collector to. release the relay..Thus, when a
valid signal is present; relay 20ITAQ is released, whereas -
relay 20ITAQ operates when the input to the detector is
removed. Resistor R27 provides positive feedback to tran-
sistor Q7 to give sharp transistors at the collectors of tran-

sistors Q7 and Q8.
(3.26) GUARD INTERVAL TIMER
timer 20GITO is triggered by :the

The guard interval

15 change from a “zero” condition to a “one” condition, as.

shown in FIG. 51, and the output thereof changes from.
o “zero” condition to a “one” condition.

Transistors Q1 and: Q2 comprises a monopulser type.
circuit with a timing interval of 4.06 milliseconds. There
is 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 10 activate the output of the guard
interval timer. | |

In the normal condition “pnear-ground” potential is"
present at terminal A holding transistors Q1 and Q3 in -
the “off” state. With transistor Q1 “off,” 412 volts
through resistors R4 and ‘R3S to the base of transistor
Q2, hold transistor Q2 in the conducting or ON condi-
tion. This presents “near-ground” potential through re-
sistors R7 and R10 to the base of transistor Q4. How-
ever, with transistor Q3 in the “off” state, 12, volts

through resistors 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” potential 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 tran-

sistor Q5 to hold transistor QS in the “ofi” state.

Transistors Q5 and Q6 comprise a monopulser type cir-
cuit with a timing interval of 20 microseconds. With
transistor Q5 ‘turned “off,” 412 volts ‘through resistor
R20 holds transistor Q6 in the “on” state. ‘This presents
“pear-ground” potential -at the output terminal.

In the normal state, capacitor C1 holds a charge with
1-12 volts on one side and approximately +0.8 volt on
the other side at the base of transistor Q2. If a legitimate -
signal of “off-ground” potential is now applied at termi-
nal A, transistors Q1 and Q3 both change to the “on”
state. When transistor Q1 starts conducting,: the. voltage
on -each side of capacitor C1 suddenly drops by approxi-
mately 12 volts. Thus, diode CRS is back biased and
Q2 to turn tran-
sistor Q2 “off.” When transistor Q2 is turned “off,” +12
volts through resistors R6 and R10 is present at the base
of transistor Q4, and with transistor Q3 now in the “on”
state, “near-ground” potential through resistors R13 and
R16 is also presented to the base of transistor Q4. At
this point, to prevent false circuit operation, transistor
Q4 should not change its state. This requires that the
“off-ground” potential irom transistor Q2 turning “off”
must be present before the “off-ground” potential from
transistor Q3 turning “on” is removed. To insure - that
this requirement is' met, the delay network of capacitor
C2 and resistors R14 and R15 is used to maintain an
“off-ground” potential at the base of transistor Q4 until
the “off-ground” potential from transistor Q2 1s 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 R4, RS, and -
transistor Q1 to ground. After a time interval of 4.06

‘milliseconds, the potential at diode CRS 1is sufficiently

positive to forward bias the diode and to turn transistor
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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 condition of tran-
sistor Q4 is now satisfied with “near-ground” potential
supplied from both transistors Q2 and Q3, and tran-
sistor Q4 now turns “off.” This presents a high potential
to the base of transistors Q5 to turn transistor Q5 “on.”
In the normal state, capacitor C6 was charged from ap-
proximately --0.8 volt at the base of transistor Q6 to
+6.4 volts at the collector of transistor Q5. The 6.4
volts is determined by the voltage divider resistors R19
and R21. When transistor QS5 turns “on,” its collector
drops to a “near-ground” potential. Capacitor 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 transmitter
QS to ground causing the base voltage of transistor Q6
to mise 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
legitimate input signal at terminal A results in a 20-micro-
second positive output pulse which is delayed by 4.06
milliseconds.

To prevent the possibility of giving an indication when
a false “off-ground” potential is removed from terminal
A, the delay network of capacitor C3, resistors R8 and
R9 is provided. As the false “of
replaced by “near-ground” potential at terminal A, tran-
sistors Q1 and Q3 turn “off.” When transistor Q1 turns
“off,” transistor Q2 will turn “on” (since 4.06 millisec-
onds have not yet elapsed and transistor Q2 was “off”).
To prevent transistor Q4 from turning “off,” the “off-
ground” potential supplied from transistor stage Q3 must
be applied to the base of transistor Q4 before the “off-
ground” 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
gate 20GITOI presents a “zero” condition to gate
20MTOG prior to the time that the guard interval timer
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-
tion since transistor Q2 is again energized over resistors
R4 and RS. At this time, gate 20MTOG has a “zero”
condition applied to both input leads and therefore de-
livers a “one” condition to monopuliser 20MT90, The lat-
ter in turn is arranged to provide a 20 microsecond pulse
over conductor 20MTOC to the electronic logic circuitry.
As explained above in general terms and hereinafter in
detail, this pulse enables the remote unit to be syn-
chronized with the control unit.

(3.3) Synchronization

In order to synchronize the remote wunit and control
unit, a multivibrator is provided at each of the units and
1s 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
control unit, the oscillator 21K delivers pulses at a 3200
p-p-s. rate to the binary cells 21P1BC, 21P2ZBC, 21P4BC
and 2I1P8BC. 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. output to the binary counter cells, the four-
stage counter acts as a frequency divider to provide a
200 p.p.s. output. In consequence, every 5 milliseconds
a pulse sequence is produced from gates 21PG1G,
21PG2G and 21PG3G. A shifter pulse is provided when-

-ground” potential is -
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ever gate 21PGI1G is energized. As seen from FIG. 21,
this condition obtains when binary cell 21P1BC is in the
“one” condition, binary cell 21P2BC is in the “zero”

condition, binary cell 21P4BC is in the “one” condition

and binary cell 21P8BC is in the “zero” condition. At
this time, gate 21PG1G will be energized and deliver a
pulse over conductor 21SPC, monopulser 27TSMP, gate
27RSG, inverter 27INVSI, and conductor 27RC to the
reset inputs of the shift register to advance the informa-
tion stored in the register.

(8.32) “WRITE” PULSE

Gate 21PG2G may similarly be shown to be energized
when the binary cells 21P1BC-21P8BC are respectively
in the condition 0110. When gate 21PG2G is enabled,
a pulse is delivered over inverter 21INVSI, conductor
21KC, gate 2TWGG, monopulser 27T3MP, conductor
27T3C to the input of the first shift register stage
JISATFF to write a “one” in the first shift register stage.

(3.33) CALL PROGRESS PULSDE

Similarly, whenever gate 21PG3G is 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 is pro-
duced from the gates 21PG1G-21PG3G as long as oscil-
lator 21K is operated.,

The operation of the corresponding gates 16PG1G—
16PG3G in response to the remote unit oscillator 16K
is similar to that described above for the control unit.
In order to synchronize the distant units with each other,

~ the guard interval timer 20GITO (see section 3.26 supra)
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1s arranged to establish a predetermined state in the binary
cells equivalent to the state which wounld have been
achieved after 4.06 milliseconds. Thus, if the remote unit
initiates transmission to the conirol unit, the guard inter-
val timer at the control unit will respond to the start
pulse and generate 2 4.06 millisecond interval. During
this interval, oscillator 21K is not yet energized but oscil-
lator 16K is already operating and triggering the gates
16PG1G-16PG3G in the appropriate sequence. After
the predetermined interval of 4.06 milliseconds, the guard
interval timer 20GITO delivers an output through mono-
pulser 20MTOMP and conductor 20MTOC to set cells
21P1BC-21P8BC in accordance with the digits 1011,
respectively. During this interval, the corresponding bi-
nary counter 16P1BC-16P8BC has been set 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-16P8SBC at the remote unit and
21P1BC-21P8BC at the control unit are in the same
condition when oscillator 21K is first energized, synchro-
nism is established between the remote unit and the con-
trol unit,

(3.4) Trunk selection

As explained above in general outline, 15 trunks remain
connected through to the office when the concentrator
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 disconnect 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
information is provided. |

There are two types of trunk selection functions. The
first applies to a situation in which 15 trunks are con-
nected to the office and a service request call or termi-

75 nating call has been made, thereby necessitating a dis-
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connect call since all of the frunks are now connected
through. This is referred to herein as a “normal discon-
nect” call.

Special provisions have been made to cover the situa-
tion where, for some reason, less than 15 trunks are con-
nected 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). TRUNK PREFERENCE AND SELECTION ON
NORMAL DISCONNECT CAILL

The trunk :preferred. for disconnection is determined.

by a combination of: relays 34TPRO1-34TPROS5 and re-
lays - 34Z0 and 34W0. 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 preferred once during SiX-

teen successive calls.
The trunk preference circuit is arranged to operate
relay 34TPRO1 when battery is supplied to the circuit.
Thus, a path may be traced from negative battery,
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resistance 341, winding of relay 34W49, contacts of relay
34W0,  contacts of relays 34TPRO5 and 34TPRO1 to .

ground. Relay 3470
of the ground condition at both sides of the relay wind-
ing.. B |

Operation of relay 34W0 closes an operating path for
relay 34TPRO1 over the normally closed contacts of relay

does not operate at this time in view s

20 - -
dition, a circuit is completed. for: the operation of relay
290T¢ over an obvious path. |

The operation of relay 28TK1S interrupts the operat-
ing path for that relay and provides a holding path over
ransfer contacts of relay 29TK15 and the contacts of

all lower numbered relays, contacts of relays 41SRO,

28TERY to .ground.
Operation of relay 29010 completes. a path extending
to the shift register over conductors BIO and BI1 and
removes ground from the operating path of relay 29TK135.
Relay 29TRK operates at this time over a path including -
eround, contacts of relays 29070, 28DIS02, 29TK00,
26TK01-29TK14, 29TK15, winding of relay 29TRK to
negative battery. | |
Operation of the latter relay completes a path to the .
solid state logic circuitry to initiate transmission: of the -
trunk information as explained herein in detail. In addi-
tion, a ground condition -1s applied to relay 34TPROS
over a path from ground, contacis: of relays 39RL1,
29TRK, 38TUK, 28DISO2, 34TPRO4, 34TPROS (as-
suming relay 34TPRO4 is operated), winding of r¢lay
34TPROS, contacts of relay 34TPRO4, resistance: 34¢ to
negative battery. Relay 18TBA1S 1s operated at this time
over a path from negative battery, winding of relay

18TBAI1S5, resistance 1815, diode 18TB15SD, contacts of

relay 29TK15, conductor 18TK1C, contacts of relays
28DISO1, 41TCA1, 29TRK, 38TUK to oround.
The following chart shows sixteen successive calls:

A fter Trink Selection
34TPR-Relays Operated | Preferred |The Following Relays—j Condition
Call - From: Previous Call | Trunk - | 0f3470/1
Relay
Operate - | Release
GRPG/1

| U SR e 00 | 0212 | e Released.
D e 01/11, 02/12 02 03/13 {ocomme oo -~ Do,
SR 01/11, 02/12, 03/13 - 04 04/14 | oo Do.
4 e 01/11, 02/12, 03/13, 04/14 06 {5/15 01/11 Do,
B -} 02/12, 03/13, 04/14, 05/15 . 08 fococ e 02/12 Do,
B e 03/13, 04/14, 05/15 1 () [ P — 03/13 Do.
T e e m 04/14, 05/15 12 b 04114 Do.
b, S 05/15 14 01/b5 05/15 Dao.
S SO 01/11 01 02/12 |ocammemeee- Operated.
10 e 0111, 02/12 03 03/13 |ocoaceeeee - Do,
13 oo 0111, 02112, 03/13 05 04/14 | ccoeee Do.
12 e 01/11, 02/32, 03/13, 04/14 07 05/15 01/11 Do.:
13 _..._| 02/12, 03/13, 04/14, 05/15 114 N D 02/12 Do.:
) € S 03/13, 04/14, 05/15 ) 1 T O 03/13 Do.
15 e 04/14, 05/15 18 |ecocmeeee 04/14 Do.
16, ccmmee———-| 05/18 15 01/11 05/15 Do.

3470. This path may be traced from negative battery,
contacts of relay 34TPROS5, winding of relay 34TPRO1,
contacts of relays 34TPRO1, 34TPROS, 3470, 34W9Y,
34TPRO5 and 34TPRO1 to ground.

Operation of relay 34TPR01 completes 2 locking path

o0

for that relay over its own contacts and removes the

shunt path from the winding of relay 34Z0. ‘The latter.
a path from negative battery,
resistance 340, winding of relay 34Z0, contacts of relay

relay now operates over

34W0 to ground.

55

Operation of relay 28DISO2, 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 29TK- representing the first idle trunk 'will be
operated. Thus, assuming that relay 29TK15 is the pre-

60

selected trunk, a path may be traced for the operation of

that relay from negative battery, resistance 290, winding

65

of relay 29TK15, contacts of relay 29TK15, contacts of
relays 18TB13, jack TB15-J, contacts of relays 40CT15,

40CHMSE, 28DISO2, 29010, 29ET0 and 29TRK to
ground.

The operation of relay 29TK15 will complete a path

to the shift recister which may be traced in F1G. 35 from

ground, contacts of relays 36TIS, 28DISO2, 29TK15,

41G1, 36TISR, conductor C17 to the corresponding shift

register stage 31SCTFF. A similar path may be traced over
the contacts of relay 29TK15 and conductor CI10. In:ad-

75

(3.42) TRUNK PREFERENCE AND SELRCTION .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
46CT— associated therewith which has resulted in the .
operation of relay 40CHMSO. As seen In FIG. 40, the lat--
ter relay is operated when the contacts oi more than one
relay 40CT- are opened. Relay 40CHMO 1s ‘biased . over:
its lower winding and the contacts of relay 25Z09. As-
suming that one relay 40CT- is released, the current 1n -
the upper winding and lower winding is approximately
equal and the relay is in the released condition. When two
or more relays 40CT— are released (indicating the discon-
nection of the corresponding trunks) the current in the
upper winding of the relay predominates and causes oper-
ation of relay 40CHMO. The latter relay will remain
operated wuntil all but one of the relays. 40CT- are
operated.

Tt will be noted that when the current is equal in both
windings, relay 40CHMG6 remains in the existing condi-
tion. Therefore, when one trunk is released, relay 40CHMO
remains released. Once operated however, relay 40CHM6
remains operated until all trunks are released and the.

current in the lower winding predominates..

Operation of relay 46CHMO extends a path (in FI1G.
29) from ground, contacts of relays 29TRK, 29ET0,
29070, 28DIS0O2, 40CHMG and over the contacts of re-
lays 40CT- having corresponding trunks in the discon-~
nect condition.



3,335,230

21

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 29TK@80 is
available, a path may be traced from negative battery,
resistance 296, winding of relay 29TK@9, contacts of re-
lays 18TB®Q (jack TBOO-J ), contacts of relays 40CT00,
40CHMG, 28DISO2, 29879, 22ET0, 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 selected

leads to the shift register. Moreover, the operation of
relay 29ET0 will close an operating path for the trunk

10

check relay 29TRK. Also, as indicated above, the latter

relay will complete a path to initiate the fransmission of -

trunk information and operate relay 18TBAOG,
(3.5) Line identification

The line identification at the remote unit is determined
by the line relay individual to the line at the remote unit,
relay 21— in the case of remote unit 0, whereas the iden-
tification at the control unit is determined by the sleeve
relay thereat, i.e., relay 17SL~ individual to the line.

In consequence, on a call originating at the remote
unit (a service request call) a line identification is ob-
tained in response to the operation of the line relay unique
to the line. For example, for relay 2100 the lockout
chains in FIG. 13 indicate the operation of a specific tens
relay 13LT0 and a specific units relay 131L.U0Q.

Thus a path may be traced for the operation of relay
13LTO0 from ground, contacts of relays 14TM4, 9TKa®,
140L, 13LW, 13LT9, 21.60, additional contacts of relay
2L00, winding of relay 13LT0, contacts of relays 4IC,
125Q2, resistance 133 to negative battery. Moreover, a
path may be traced for the operation of relay 13LU¢ from
ground, contacts of relays 14TM4, 9TK9O, 140L, 13LW,
13LT0, 2100, diode 13L60D, winding of relay 131L.U0,
contacts of relays 13LU9, 13L.U9, 1317, 13LU8-13L U9,
additional contacts of relay 13LZ, contacts of relays
13LTO, 4IC, 125Q2, resistance 133 to negative battery.
The first group of relays mcluding relays 13LT- identifies
one of eight groups of ten lines and the second group of
relays designated 13L.U- 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.

A. similar analysis may be made with respect to relays
25LT- and 25LU- at the control unit.

The line identification in each instance is transferred
to the shift register over the conductors AIC—AT7 and
BI0-BI7 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 calls or a call
in the other group from starting. Here again, two lockout
chains are provided which reverse preference between
the groups after each call. |

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

Assuming that remote unit 0 has initiated a call, relay
41SRO will
The contacts of relay 41SRC1 are connected in the call
preference circuit of FIG. 28. As shown therein, the
terminating preference relay 28TERS and disconnect
preference relay 28DISO are arranged i order to prevent
the initiation of other types of calls during the processing
of a particular call. Thus, the operation of relay 28TERO
interrupts the battery supply to the service denial relays
28SDP0 and 28SDPI as well as the release service denial

be operated in the manner described herein.
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relays 28RDP® and 28RDP1. In addition, the contacts of
relay 28TERQ prevent the operation of relay 28DIS0%
by opening the battery supply. -

Correspondingly, the initial operation of relay Z8DIS$0
interrupts the operating path for relay 28TER{ at the
contacts or relay 28DIS60.

('3.7) Electronic logic cirdziz‘ry

The electronic circuitry utilized in our concentrator is
adapted to provide temporary storage of line and trunk
information for transmission between the signaling cir-
cuit, as described herein, and the electromechanical equip-
ment. In addition, it controls the flow of information
between the remote unit and the control unit and deter-
mines 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 eate 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 conduc-
tor connected to the collector electrode from a potential
approaching the positive battery connected to the col-
lector electrode to a potential approaching ground.

Conversely, a ground potential applied to the base
electrode would cause the transistor to be nonconduct-

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 potential
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 gaftes.
(3.72) FLIP-FLOP

A. typical flip-flop circuit is shown in FIG. 46 and in-
cludes transistors QI and Q2 connected in the conven-
tional arrangement with feedback between the collector
and base electrodes of the transistors. Outputs are obtained
at the conductors labeled “1” and “0.” Tt being understood
that a “one” condition is represented by an “off-ground”
potential and a “zero” condition by a ground or “near-
ground” potential. Application of an “off-ground” poten-
tial to the terminals connected to resistor R5 or R9 applies
a positive voltage to the base electrode of transistor Q1
and turns that transistor on. In this condition there is no
drive to the base of transistor Q2 and it therefore is in a
nonconducting state. The condition in which transistor Q2
1s nonconducting and transistor Q1 is conducting, repre-
sents the set state of the flip-flop. The “0” output con-
ductor is “near-ground” and the “1” output conductor is
“off-ground.” Under these conditions the removal of the
input pulse will have no effect since transistor Q1 remains
conducting over load resistor R4 and coupling resistor
R2.

If at this time an “off-ground” potential is applied to
resistor R6, R7 or RS, transistor Q2 1s driven into con-
duction and the collector potential drops to “near-ground”
thereby lowering the base potential of transistor QI 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 transis-
tor Q2 over resistances R1 and R3. This supply will main-
tain transistor QI in the conducting condition after the
input pulse is removed. In consequence, transistor Q1 is

in the nonconducting condition and transistor Q2 in the

conducting condition representing the reset state of the
flip-flop with an “off-ground” potential at the “0” output
and substantially a ground potential at the “1” output.
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(3.73) SHIFT REGISTER

Each stage of the shift register includes a flip-flop c.ir-:
cuit and a monopulser which is used to transmit the in-
formation which is stored in a cell to the nexi succeed-
ing cell, Information 1s stored in a shift register stage by
providing ‘a pulse- input, for example to resistor
FIG. 46, which as disclosed

the flip-flop to a “one” condition. As will be seen herein,

the insertion of the “one” condition may be in a serial

manner from the preceding stage or by a parallel inser-
tion 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

ahove. For shifting information between register stages,

49

o shift register monopulser in accordance with FI1G.
is utilized. |
I+ will be assumed for purposes of illustration that a

“one” condition is to be transferred from a shift register
succeeding stage. Assuming that the flip-flop-
is already in the set or “one” condition, transistor QL
will be in the ON condition and transistor Q2 of FIG. 46
will be in the OFF condition. The input to the mono-
1 transistor Q1 will

stage 10 a

pulser of FIG. 49 which is taken fro:
be “near-ground.” | | |
When a reset pulse is applied momentarily fo resistors

R6-R8, the flip-flop 1s resect in. the manner described

above. The collector potential of transistor Q1 rises to
an “of
tor Q1 of FIG. 49. This triggers the monopulser of FIG.
49 which proceeds to generate an output pulse at the
collector electrode of transistor
charges, current is delivered

Q2 turns-ON. Since the output

flip-flop in the following stage is set, representing a trans-
fer of information
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
monopulsers of different duration. are utilized, the over-
211 format is the same. When a ground potential or no -

potential is applied to all ot the inputs to transistor Qi1
of FIG. 47, that transistor is in the OFF or nonconduct-

R9 of
in Section 3.72 above sels

Q2. As capacitor C2
to the base electrode of
transistor Q2 and when sufficient current flows, transistor
of transistor Q2 is coupled
to the input of the following shift register stage, the

between the first and second stages
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_oround” potential in FIG. 46 and turns on transis- -
30

40

45

ing condition. Transistor Q12 is energized from positive:

battery over resistor R42 and the potential at the output

terminal connected to the collector electrode of transis-
tor Q12 is substantially at ground. The potential across

Q11 and the base electrode of transistor Q12. Since tran-
sistor Q11 is in the OFF condition, the collector potential
thereof is determined by a voltage divider action of
resistors ' R24 and R36.

50
capacitor C6 at this time is substantially the difference
in potential between the collector electrode of transistor

1)

An “off-ground” or positive pulse input to any of the

resistors R14-R17 causes transistor Q11 to conduct where-
upon its

transistor. Q12 to.drive that transistor to the OFF condi-

tion whereupon the collector potential rises above ground.
A feedback 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

he removed without affecting the monopulser operation.

The output potential at the collector of transistor Q12

remains “off-ground” . until transistor Q12 is again . con- -

ducting. The duration of the OFF period is determined

by resistance R42 and capacitor C6. Transistor Q12 1s
energized when the voltage across capacitor C6 rises
above the potential of the base electrode of transistor
Q12. When transistor Q12 1s energized, the potential at
the output terminal connected to the collector electrode

thereof goes toward ground. Moreover, as the collector

collector potential drops substantially to ground..
As a result, a negative pulse. is applied at the base of

60

65

75
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electrode moves toward ground, the base current to tran-
sistor 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 capacitor C6.-This time duration con-
stitutes 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 F1G. 48.
As indicated above, the purpose of the oscillator is to
generate 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 a multivibrator which
uses an amplifier and an inverter in the feedback path.
Transistors Q1 and Q2 are the active elements of the
multivibrator. Transistor. Q4 is an output amplifier and
transistor Q3 1s an inverter for completing the feedback
path. The input to this circuit is at resistance RS and
the output is connected to the collector of transistor Q4.
A ground condition turns the circuit on and an “oft-
ground” condition turns the circuit- off.

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

When -a ground potential 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 re-
sistance R3 to turn on transistor Q1. The latter experi-
ences a negative pulse at the collector electrode which

:iS SUPPIiEd OVér -'-CapaCitOI'_ Cl to turn Off tranSiStOr ini
Transistor Q2 remains off until capacitor C1 has dis-

chareed sufficiently to allow the voltage at the base of
transistor Q2 to go positive. The -discharge path for
capacitor C1 is throuugh transistor 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 voltage at-the collector of transistor
Q2 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 on after the discharge of
capacitor C1, transistor Q3 is turned off and remains
off throughout the discharge period of capacitor C2..
This time for discharge is determined by capacitor C2
and resistors R2 and R9. When fransistor Q3 turns off,
transistor 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 ;tran-sistor 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 ca-
pacitor C2. Under these conditions, a full cycle is com-
pleted and subsequent operations: continue in the same
manner as long as a “near-ground” condition is applied.
to the terminal coupled to resistor RS. o

(3.76) BINARY CELL

‘The binary counters of FIGS. 21 and 32 at the con-
trol 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 “load-
ing” of the cell in driving the succeeding stages. '-

The cell includes transistors Q1 and Q2. Set 1npufs
are applied to resistors R13 and RI14 and rest 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” tramsistor of the flip-
flop. | '
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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.

It will be assumed that the flip-flop including tran-
sistors Q1 and Q2 is in the stable condition with tran-
sistor QI conducting and transistor Q2 nonconducting.

The application of a pulse to conductor 1@ of FIG. 45

will result in a reversal of conduction in both transistors.
The 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
imput level drops, this voltage change is reflected as a
drop below ground potential through capacitors C3 and
C4. Since transistor Q2 is not conducting, the negative
pulse will have no effect thereon. However, transistor
Q1 in receiving a negative pulse at the base electrode
thereof will experience a current diversion from the base
of transistor Q1 which therefore becomes nonconductive.
The collector potential of transistor Q1 rises and current
1s steered through resistance R3 to the base of tran-
sistor Q2. A regenerative action occurs which causes tran-
sistor Q2 to turn on and transistor Q to turn off thereby
accomplishing the desired change in state of the flip-
flop. Capacitors C3 and C4 are arranged with a suffi-
ciently small capacitance to insure that the negative po-
tential 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
one of the transistors in the flip-flop and not from the
amplifier. This output lead is shown as conductor 11 in
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
binary cell.

(4) DETAILED DESCRIPTION OF SERVICE
REQUEST CALL

(4.1) Line relay and lockout relay operation

It will be assumed for illustrative purposes that a call
1s being initiated by subscriber ¢ of remote unit Q. As
shown in FIG. 2, when subscriber 0 removes his receiver
from the switchhook, a circuit is completed from ground,
contacts of hold magnet SHMA®, tip conductor T00,
substation 0, ring conductor R$9, contacts of hold mag-
net SHMAGCQ, contacts of relay 9DIS6, winding of line
relay 2106 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 13LTO and a particular
units relay 13LU® which collectively uniquely identify
the calling line. The over-all manner of operation is dis-
cussed in Section 3.5 supra.

Thereafter, relay 131K operates to verify that one, and
only one, tens relay and units relay were operated. This
path may be traced from ground, contacts of relay 4TA,
winding of relay 13LK, normally closed contacts of relays
13LU9-13LU1, contacts of relay 13LU@, normally closed
contacts of relays 13LT7-131.T1 (the latter not shown),
contacts of relays 13LT0, 14501, 125Q2, resistance 133
to negative battery.

The operation of relay 13LK results in the establish-
ment of a locking path for relay 13LT¢ which may be
traced over the contacts of relay 13LT9, diode 13LKIiD,
contacts of relay 13LK to ground. Moreover, a locking
path may be traced for relay 13LU® over the contacts of
relay 13LUO, diode 13LK1D, diode 13LKD, 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 13LXD, contacts of relay 13LK
to. ground. Moreover, the operation of relay 13LK ap-
phies a ground signal to gate 11SRG to initiate the op-
eration of the logic circuitry.
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Previously, selected relays 9TK— have been operated
to designate the preselected trunk.

(4.2) Transfer of information to shift register

The operation of relays 13L.T0 and 13LUD, as de-
scribed, apply a ground potential to selected gates to the
shift register. For example, the operation of relay 13LT0
results in the application of a ground potential on con-
ductors AI4 and AI7 (FIG. 4) coupled to gates 5SA4G
and SSATG, respectively. This procedure is, in effect,
the transmission of information from the electromechan-
Ical circuitry through the interface to the electronic logic
circuitry. The operation of relay 13LK which applied a
ground potential to gate 11SRG results in the energiza-
tion of that gate (if flip-flop 11INCFF is in the reset
condition). The energization of gate 11SRG results in the
setting of flip-flop 11SRFF whereupon the “1” output of
the flip-flop changes to a “one” condition as described in
Section 3.72 supra. This signal at the ‘1” output energizes
gate 11SRPI and results in 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 621 to a “zero” condition which is applied
over conductor 6CPOC to gate 11I11G. The other input
to the gate from the “Q” output of flip-flop 11SRFF
Causes a “one” condition output from gate 11I1G. Mono-
pulser 11T1 is trigeered and results in the generation of
a 200 microsecond “one” condition pulse. This pulse is
applied over conductor 11T1C to the four cells 16P—-RC
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
3SATG, an output is produced which sets flip-flops
SSA4FF and 5SA7FF respectively. In a similar manner,
ftip-flops 10SB4FF znd 10SB7FF are set in view of the
application of ground potential from the contacts of relay
131.U9.

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-flop
set at this time over conductor 11INC.
The energization of flip-flop 10BSFF represents the inser-
tion of the preliminary or “start” pulse of the shift regis-
ter which precedes the ine 1dentification transmission.

When flip-flop 11SRFF was set, a “zero” condition
at the “0” output thereof was transmitted over conductor
1ISROC to gate 16CC2G to energize that gate as well as

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 oscilla-
tor 16K. The output of the oscillator is inverted gate
16(3;(} and coupled to the input of binary cell 16P1BC.
As indicated in Section 3.76, these cells change state .
when the inputs at terminal I change from a “one” to a
“zero” condition, Since the gate 16CIG inverts the out-
put of oscillator 16K, cell 16P1RC changes state when
the oscillator changes from a “zero” condition to a “one”
condition. Moreover, when oscillator 16K changes from
a “zero” condition to a “ope” condition, gates 16PG1G,
16PG2G and 16PG3G are disabled. When the oscillator
changes from a- “one” condition to a “zero” condition,
the same gates are enabled permitting the binary cells
16P1BC-16P8BC to be monitored when they are in a
stable condition.

The input to gate 16PGIG is such that conductor
165PC- will have a “one” condition thereon when gates
16P1BC 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 16P1BC and 16PSBC are reset.

Moreover, it ‘may be seen that gate 16PG3G provides
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2 “1” output to conductor 16CAC when cells 16P1BC,
16P2BC and 16P4BC are set and cell 16P8BC 1s 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,
| at a 3200 p.p.s.

rate and the binary cells provide a frequency division to

as indicater above, the oscillator operates

200 p.p.s., the period:is 5. milliseconds. During each 5

milliseconds, gates 16PG1G-16PG3G provide a pulse
‘sequence in that order. The pulses in the sequence arc

substantially 156 microseconds: and are separated by an

‘nterval of equal amount. The output from the gate

16PG1G causes - a - shift ‘register - advance,  from gate

16PG2G gates information into the shift register, and
15

from gate 16PG3G advances
BC.

(4.3) Transmission of line identification to office

the binary counter 6CTR--

~ As explained above, the information representing call-
ing line 00 has now been stored in the shift register and

from gate 16PG1G energizes monopulser 11TS to pro-

duce a 10 microsecond “one” condition pulse. This causes

gate 11RSG to produce a “(0” output which is inverted
by gate 1141 and supplied over conductor 11RC to the
reset input of all of the shift register stages.

Since flip-flops 10SB4FF, 16SB7FF, 5SA4FF, SSATFF

and 10BSEFF 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 tran-

10
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the clock circuit of FIG. 16 1s operating. The first output -

25
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sition 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” out-

26 ‘microseconds. (See Section 3.74

put for a period of
supra.) This output
the next succeeding flip-flop set input ter
flop is not set at this tlme, however, since the input still

remains over conductor 11RC. However, since the latter
jonopulser
output is 26 microseconds, eventually the input to.the
reset terminal of each flip-flop is removed and the mono-

is only 10 microseconds in duration and the-

pulser output causes the appropriate flip-flops to be reset.

Thus, after the termination of the reset input,  flip-flops
45

5SA4FF, 5SA2FF, 10SB4FF and 10SB2FE are set as
well as flip-flop - 100SFF. The output of flip-flop 100SKFF

is applied over conductor 100Q4C to the modulator gate
15MG and is inverted by gate 1571 and presented to the
<ender circuit for remote unit 0. The application of the
input to the modulator 15M results in the transmission .of
a signal over contacts 140L and the send filter 1SSk ‘as

well as power amplifier 15PA to the central office repre-
senting a start signal. For an explanation of the operation

from the monopulser is applied to -
1inal. The flip-

40
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of the sender circuit, reference may be made to Section

3.8 supra.
It will suf
is transmitted over conductors 151 SOC and 15RSOC to

t+he receiver circuit 0 for remote unit O at the control unit..

This 5 millisecond mark  frequency - start pulse is in-
terpreted in the control unit aiter passage through input

tector 20SPDAY.

(4.4) Recepiion of line identification at office control unit

Since the mark frequency start pulse is a valid signal,

supra) does
206D0 detects

from a “one” condition to a “zero’’ condition. This causes
condition to a “one” condition and the output of inverter
20INV3I to change from a “one” condition to a “zero”
condition. When the “one” condition signal from gate

20STOG is applied to guard interval timer 20GITO

cee at this time to indicate that the signalf |

o5

60
iransformer 2070, limiter 20L0: and signal present de-

65
the output of the signal present detector (Section 3.25

not change. In addition, the discriminator
the shift from the normal space frequency
to the mark frequency and the:output thereof changes

70
the output of gate 20STOG to change from 2 “zero”

75
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through gate 200MOG, the output changes from a “zero”
condition to a “one” condition. As shown above (Section .
3.26), the fimer measures a 4.06 millisection . interval
and the output thereof changes from a “one” condition .
to a “zero” condition. Gate 20MTOG is energized and in
turn energizes monopulser 20MTOMP to generate a 4.5
microsecond ‘signal ‘which is delivered over conductor
20MTOC and conductor 26MT0 to set flip-flop 27TPPOKFF.
When the latter flip-flop is set, the output of gate 27PPOG
shifts from a “one” condition to a “zZero” condition to
operate relay 271PP and the output of gate 27SRGOG -
changes from a “zero” condition {0 a “one” condition -
to set flip-flop 27SROFF.

It will be noted that the setting of flip-fiop 27SROEF
indicates a service request call in remote unit 0. Had the
call originated in remote unit 1, flip-flop 27SR1FF would
have been set. | |

Gate 27SR01G enables flip-flop 27SROFF which also
effects the operation of relay 27ISRO. The latter in tfurn
causes the operation of relay 41SR0 over an: obvious
path. Moreover, relay 41SRC1 operates over a path in-
cluding ground, contacts of relay 27ISR9, diode 41SROC,
contacts of relays 37TCF, 36RF; winding of relay 41SRC1
to negative battery. The setting of flip-flop 27SROFF re-

sults in the disabling of gate 20DMIG (not shown) over

conductor 27SROC thereby denying service to remote
unit 1. |

The operation of relay 41SR0, as described above, com-
pletes an operating path for relay 380L1 which may be

‘traced from ground, contacts of relay 415R8, winding of

relay 380L1 to negative battery. In addition, -a locking -
path for relay 41SR0 is completed over the contacts of -
relay 39R1L2 and the normally open contacts of relay -
41SR 0.

The operation of relay 380L1 removes signal tone to

the remote unit.not being served.

The operation: of relay 41SRC1, as described : above,
completes an operating path for relay 36HMFI. This
path may .be traced from ground, contacis of relays
41SRC1, 24ABK, winding of relay 36HMI1 fo negative
battery.: In addition, the operation of relay 415RC1 re-
moves battery from the call preference circuit relays of -
FIG. 28 at the contacts of relay 41SRC1. Relay 41PP is
operated over the contacts of relays 41SRC1 and. 27IPP.-
In addition, relay 36RTR operates if all of the relays -

33T- and 33U- are normal.

The operation of relay 41SR0, as described above,
completes an operating path for relay 23ESMO0 or 230SM0
through relay 29ET0 if the preselected trunk is even-num-.

‘bered or relay 290T0 if the trunk is odd-numbered. More-

over, relay 23ESMO0 is operated in response to relay
29ET0 and relay 230SMO is operated in response to re-
lay 290710. | |

Assuming for illustrative purposes the :trunk 0O is- the. -
preselected  trunk, relay 23ESM9O will be operated over
a path from negative battery, winding of relay 23ESMG,
contacts of relays 29ET0, 41SR0, 36HMF2, conductor
23HMKC, contacts of relays 19HMK, 39RL2 to ground.
In consequence of the operation of relay 23ESMO, an
operating path is closed to select level 8 as well as the -
level associated with the preselected relay for trunk .00,
i.e., select level 0. o |

It will be noted that battery is connected through a
resistance lamp 231 to each of the select levels to prevent
any select level with a false ground from operating. If
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 illusiration, 23SMOAQ .and 23SMOAS and cor-.
responding magnets in switches B-D) are operated, a
path is completed for the operation . of relay 24SMK.
Thereafter, a path may be traced for the operation of -

relay 24SMK firom negative battery, winding of relay
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24SMK, contacts of relays 245MK, 29ET0, 23SM-,
23SMOAS to ground. |

When the guard interval timer 20GITO 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 27TPG 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
input to gate 27TPG from a “one” condition to = “zero”
condition thereby changing the output of the gate from
a “zero” condition to a “one” condition and inhibiting
gates 2Z6DMOG and 20DM1G (not snown) over conduc-
tor 27TPC. Inhibition of the gates resets the guard 1n-
terval timer 20GIT® to prevent their subsequent enable-
ment thereby inhibiting flip-flop 27PPOFF.

Preference between the two remote units is controlled
by flip-flop 27SROFF and gate 27SRGOG. When the “1”
output of flip-flop 27SROFF changes from a “zero” to a
“one” condition, its application to the reset input of
flip-flop 27SRI1FF and to gate 27SRG1G to hold the out-
put in the “zero” condition. This arrangement wouid
give preference to remote unit 0 in the event of simul-
taneous seizure by both remote circuits. The “1” output
of flip-flop 27SR1FF is connected to gate 2Z0DNO§ to
disable the gate when remote unit 1 initiates a call prior
to remote unit O. | |

When flip-flop 27SROFF changed from a “zero” con-
dition to a “one” condition, flip-flop 270TGFF is held
in the reset state.
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The setting of flip-flop 27PPOFF, 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 imnput of mono-
pulser 27T4MP. The latter also generates a 10 micro-
second pulse which is applied to the input to binary cell
32CTR1BC. At the conclusion of the 10 microsecond n-
terval, the output from monopulser T4 shifts to a “zero”
condition and causes the setting of cell 32CTR1BC.

The output from flip-flop 27SREFF js applied to gate
27SROIG which latter changes from a “one” to a “zero”
condition providing an output over conductor 27SRO1C
to gate 21CCZG. The latter energizes gate 27CC1G and
enables oscillator 21K, In addition, gate 21CIGG is also
enabled. The output of gate 21CIGG is delivered to the
first binary cell 21P1BC. 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 3.75 supra). The gates 21PG1G, 21PG2G and
21PG3G are enabled in a manner similar to that described
above 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 20MTOMP produced a 4.5 micro-
second pulse to set flip-flop 27PPOFFE, as described above,
it also advances the counting circuit of FIG. 21 to a state
corresponding to the elapsed time measured by guard in-
terval timer 20GIT0. Since the latter produces an output
after 4.06 milliseconds, the counting circuit is set to a
condition corresponding to the thirteenth pulse from oscil-
lator 21X. Under these conditions, cells 21P1BC, 21P4RBC
and 21P8BC are set and cell 21P2BC is reset. In conse-
quence, 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 in

this condition, control unit counter is in synchronism with
the incoming signal and the two distant counters operate
with a phase displacement determined by the transmission
delay of the signals on the signaling channel.

It will be recalled that the contro] unit was energized
in response to the reception of a 5 millisecond start pulse.

This pulse was delivered through the receiver circuit §
and over gate 20DMO1G and conductor 20DMO1C 1o
the input to gate 27WGG. The latter gate 1s energized un-

~der control of gate 21PG2G and in turn controls of the v
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the shift
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operation of monopulser 27T3MP to deliver information
to the shift register over conductor 27T3C to flip-flop
31ISATFF. In this manner the mark pulse is stored in the
shift register.

It will be recalled that at the remote unit, the shift
register had stored information in flip-flops 10SB4FF,
10SB7EFF, SSA4FF and 5SA7FF.

The shift register at the remote unit is 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
register of the control unit in response to the
operation of oscillator 21K. In this manner both shift
registers are advanced, the shift register at the remote
unit being cleared of the line identification information
and the shift register at the control unit being loaded with
the line identification information, it being understood
that the advance of the shift register at the control unit
1s similar in operation to that explained for the shift
register at the remote unit,

In short, the above enumerated procedure has resulted
in the transmission of the identification of the calling line
(assumed to be line 00) to the electronic logic circuitry
at the control unit.

(4.5) Registration of “early” dial tone start

Referring now to the remote unit, it is seen that the
operation of relay 6SEP, in consequence of the setting
of flip-flop 6P11FF as described above, results in the
operation of relay 4EP and relay 9SR. Relay 4EP is op-
erated over an obvious path and relay 9SR operates over
the contacts of relay 4EP and 4IC. The operation of relay
4EP resets flip-flop 106SFF over 2 path including posi-
tive battery, resistance 103, contacts of relay 4EP and
diode 10EP1ID. The last flip-lop 160SFF was set since

information in the assumed example
was a mark. - | | |

Operation of relay 9SR results in the operation of
relay 13LS over a path including negative battery, wind-
ing of relay 13LS, contacts of relays 9SR, 131K to ground.
In addition, a path is completed to relay 12TRK which
operates only if one of the trunk relays 9T KO0-9TK7 and
one of the relays 9TK$8 or 9TK9 is operated. Since the
selected trunk is assumed to be trunk 0, relay 9TKO is
operated. In consequence, a path may be traced for the
operation of relay 12TRK from negative battery, winding
of relay 12TRK, contacts of relay 9SR, contacts of relays
9TKY, 9TKS, 9TK7-9TK1, 9TKG0, 14RL1, 14RIZ +to
ground. The previous operation of relays 9TKG and 9TK S8
1S In accordance with the preselection trunk 0 as explained
above. |

The operation of relay 12TRK completes a path through
the contacts of relays 9TK@ and 9TKS to operate relay
Y1500 associated with the preselected trunk. Thus, relay
9T'SG0 is operated over a path from negative battery, wind-
ing of relay 9TS80, contacts of relays 9TKO, 9TKS,
12TRK, 128Q1 to ground. The operation of relay 9TS60
completes a bridge through resistor 21 on the selected
trunk This path may be traced from conductor T0Y of
FIG. 2, contacts of relay 9TS00, 9SR, resistance 21, addi-

‘tional contacts of relay 9TS00 to conductor R8¢. The pur-

pose of this impedance bridge is to initiate transmission of
the off-hook signal over the trunk conductor in order
that an originating register in the central office may be
summoned when the crosspoints in the control circuitry
are closed thereby minimizing dial tone delay. The trunk
path through the switches is opened at the contacts of
relay 92S0¢ to prevent surges of current through the

- crosspoints when they close.

The operation of relay 13LS, as described above, re-
sults in the gating of line information to the register
circuit (of FIG. 9) and operates the appropriate tens
and units relays of the register in accordance with the
operated relays representing the service requesting line.
Thus, relay 9T0 is operated over a path including nega-
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tive battery,; |
13LS and 13LTO0 to ground. Similarly, relay 9U® 1s op-
erated from negative battery, winding of relay 9U0, con-
tacts of relays 13LS, 13LUO to ground.

When the appropriate register relays have been Op-

erated, the register check relay 12LRK is operated over

‘a path including negative battery, winding of ‘relay
12LRK, contacts of relays 9SR, 9T17-9T1, 910, U3~
9UJ1 and 9U#® to ground. The operation of relay 12LRK
provides a locking path for the register relays of F1G. 9.

(4.6) Select and hold magnet operation

At this time, the select
through
relay 12TRK. As indicated above, two select magnets,
one of which 15 a

Thus, a path may be traced for the operation. of relays
7SMAQ -and 7SMAS over a path from negative battery,
resistance 71, contacts of relays 12TRK, 9TK0, winding
of relay 7SMAJ to ground. An

T7SMAS to ground. The select magnet check relay 7SMK
is operated from negative battery, resistance 72, contacts
of relays 9TK8, 7SMD8, 7SMC3, 7SMB8 (not shown),
7SMAS, 7SMAO, 7SMBO, 7SMC4, 7SMDO,:9TK$, wind-
ing of relay 7SMK:to ground. B

* Relay 70H is operated from negative battery, winding

‘of relay 70H, contacts of relays 7RH, 7TSMK, SXPKI1,
9SR, 12LRK to ground. As a result of the operation of

winding of relay 9T0, contacts of relays .

magnets of FIG. 7 are operated
the. contacts of the selected trunk relay : (as-.
sumed to be relay 9TKO and 9TKS) and the trunk check

steering level select magnet, are Op-:
erated for -each connection on each of the switches A-D..

additional path may be
traced over the contacts of relay 9TKS8, winding of relay

10
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relay 70H, the operating path for the appropriate hold

magnet: SHMAOQO - is completed . from mnegative battery,
resistance 81, contacts

As indicated above in the general description, the hold

magnets are of the magnetic latching type and remain op-
is applied as de-
scribed hereinafter. The hold magnet check relay SHMK

erated until a pulse of reverse polarity

is operated from negative battery, winding of relay
SHMK, contacts of relays 70H, 970, 9P0, SHMAOCGD to

ground. When the check relay SHMK operates, a path
is completed for the operation of relay 2XPK which may
be traced from ground, winding of relay 2XPK, contacts
9TS00, sleeve conductor of the 45
line through the crosspoint contacts, sleeve conductor of .7

the trunk, winding of relay 2L00 to negative battery.

of relays 70H, 8HMK,

b

The operation of relay 2XPK is followed by the operation -

of relay 8XPK1 over an obvious path. At this time, the
crosspoint contacts in the remote unit linking substation

0 to trunk 0 have been closed and checked. Relay 125Q1-

operates over a path from negative battery, winding -of

relay 12SQ1, contacts of relays 4IC, 9SR, 8XPK1, 8HMK |
‘to ground. The operation of relay 125Q1 results in the

release of relay 9TS00 by the opening of the contacts of
relay 12SQ1 in

operation of relay 125Q1 is a progress
tromechanical circuit which indicates
progressed through the

lay 38TUK, described
path for the hold

‘above, completes an operating

above in Section 4.3. Thus, a path may be traced for the
operation of hold magnet 19HMOAOD0 from ground, con-

tacts of relays 37RSD@, 28D1S02, winding of hold mag-

net 1I9HMOAO00, contacts of relays 33U4, 33T0, 28TERO,

37SD0, 41SRO, 39RL1, 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, winding of relay 19HMK, con-

‘tacts of . relays 1SHMOA®0, 33U6, 33T0, 4iSRJ to.
eround. The operation of the hold magnet check relay will.

of relay 7OH, winding of relay
SHIMA00, contacts of relays 9U0, 9T0, 7RH to ground.:

series therewith. The latter in turn causes.
the release of relays 2XPK, §XPK1, and relay 21.00. The
mark in the elec-
that the call has.
stage of hold magnet operation.
In the interim, at the control unit the operation of re-

‘magnet associated with relays 33T0
and 33U0 which were operated in the manner described
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result in the release of relay 23ESMO. The latter 1n turn
causes the select magnets to release and close an operat-

-ing path for relay 36TISR from negative battery, winding -

of relays 36TISR, 19HMK, 36HMF2, 41SRC1 to ground.

- In addition, a locking path is completed for relays 3300 .
and 33T0 over the contacts of relay 19HMK in FIG.

33, Relay 40CT00 is operated in conjunction with the
preselected trunk relay 29TK@®¢ from negative battery,
winding of relay 46CT08,. contacts of relays 29TKO00,
41SRO, 19HMK to ground. At this time, relay 46CTK is

‘operated from negative battery, winding of relay 40CTK,

contacts of relays 29TK0@, 46CTU0 to. oround. Relay
36RTR. releases at the contacts of relay 19HMK and in.
turn causes the release of relay 32IR as shown in F1G.
32 The release of relay 32IR releases relays 31S5A4,.
31SA7, 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 24 ABK.

The operation of relay 46CTC0, described above, com-

pletes the connection of the line to the transmission facil-
closing of the contacts of relay

ities as shown: by the
40CTO08 in FIG. 17. The closure of the crosspoints in the
remote unit were described above. In consequence, a COml-

plete connection -extends: to the calling subscriber. When

an offhook condition is received from the subscriber, re-
lay. 17TS00 is operated in series with the preselected

trunk. The central office proceeds with a dial tone call

which may be, for example, in the manner described n
Patent 2,585,904 of A. J. Busch of Feb. 19, 1952, relating
to No. 5 crossbar telephone switching systems. When a
sround is placed on the sleeve lead in the conventional
manner, as described. for example in the. above-referred-

to patent to A. J. Busch, relay 18STBAOQ will be operated

over a path from negative battery winding of :relay

1STBAO0Q, resistance 1800, diode 18TB0OD, sleeve ‘con-
ductor of switch A through the selected crosspoints to the -
eround condition applied in the central office over line
00 of FIG. 22. The operation of relay 18TBA0O in this

manner closes a path for the operation of relay 18TB0O0
over an obvious path. In addition, the winding of relay -

17TS00 is short-circuited .and relay 17TS00 is released.
At this juncture it may be recognized that a complete
path extends to the calling subscriber and he may ‘there-
upon proceed to dial information representing the called
line number into an originating register (not. shown) 1n

~ the central office.
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relays 36RTR, 34RC1,

Nevertheless, at this time a check 1s undertaken to
verify that the line is connected to the correct trunk as
explained in the following section.

(4.7) Transmission of trunk information to remote unit

When relay 36TISR operates, as described above, paths-

‘are completed for the transmission of the trunk informa-

tion to the electronic logic circuitry of the control unit.

Thus, a ground condition is connected through the con-

tacts of the operated relay 41SR0, contacis of relays
20TK00. 41G1, 36TISR, conductor Cl7 to the input gate
of flip-flop 31SC7FF: A similar path may be traced for
conductor CI4 and flip-flop 31SC4FF. Thus, trunk num-
ber is stored in the flip-flops 31SC-FF. The trunk steering
level number is stored in flip-flops 26SB-FF. Specifically,

the closure of the contacts of relay 29ETO results. in an -
input condition over conductors Bi4 and BI7 to gates
26SB46 and 26SB76. As usual, the shift register stores -
this information in response to an input from monopulser -
27T1IMP over inverter 27INVII and conductor 27INC.
The operation of relay 36TISR also completes an operat-
ing path for relay 36SS from negative battery, contacts of
41EP, 380L0, 36TISR, 41SRC1
to ground. The operation of relay 365S results in the initia--
tion of the transmission of trunk information to the remote
unit as a result of the closure of the contacts of relay
36SS in FIG. 27 at the input to gate 27CKTG and' the
subsequent energization of oscillator 21K in the manner
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described above. The energization of gate 27CKTG re-
sults In the activation of monopulsers 27TIMP and
27T2MP. Moreover, the output from gate 27CKTIG is
now a ground condition. Monopulser 27T2MP generates
a 150 microsecond pulse which through gate 27RSG, in-
verter 27INVSI and conductor 27RC is applied to the re-
set inputs of the shift register. Monopulser 27TIMP gen-

erates a 200 microsecond pulse which gates information

into the register as described above.

In the interim, gates 21CC2G and 22CC1G are enabled
to generate a sequence of pulses in conjunction with os-
cillator 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 to a count of 22,
gate 32CP22G is enabled and over conductor 32CP22-1
disables gate 21CC2G arresting oscillator 21K In addi-
tion, relay 32IEP is operated over the contacts of relay
41SRC1 and inverter 32P2201. The
that the trunk identification has been transmitted fo the
remote unit,

(4.8) Trunk number storage in shift register af
remote unit

It will be recalled that the trunk number is already
known at the remote unit and, in fact, that a connection
already extends over the preselected trunk to the control
- unit. Nevertheless, the remote unit receives the informa-
tion representing the trunk identification as transmitted
from the shift register at the control unit for checking
purposes.

Thus, when the preliminary pulse is transmitted from
the control unit, the guard interval timer 15GIT is oper-
ated, as described in Section 3.26, and flip-flop 11PPFF
(the preliminary pulse fiip-flop) is operated in a manner
corresponding to its counterpart at the control unit. When
flip-flop 11PPFF is set, the “1” output thereof goes 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 €nergizes mono-
pulser 11T4. Monopulser 11T6 remains disabled while
flip-flop 11PPFF is set as described in Section 3.74. Mono-
pulser 11T4, however, generates an output pulse when
triggered by gate 16PG3G. Binary counter 6CTR1BC
responds to monopulser 11T4 to change from the set con-
dition to the reset condition and cell 6CTR2BC in turn
changes from the reset condition to the set condition.
This condition of the counter corresponds to the reception
of the twelfth pulse from gate 16PG3G. As a result, gate
0CP11G is disabled and the output thereof is in the “zero”
condition which enables gate 16CC2G over conductor
6CP11C and, in consequence, energizing oscillator 16K
over gates, 16CC2G and 16CC1G. The information from
the control unit is stored in the shift register at the remote
unit in a manner analogous to that described for the stor-
age of the information representing the line identification
at the control unit. | |

When control 6CTR-BC reaches a count of 22, gate
6CP22G is enabled and over conductor 6CP22C disables
gate 16CC2G as well as gate 16CC1G and oscillator 16K.
In addition, relay 6SRO is energized over inverter 6P220]
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 electro-
mechanical equipment.

(4.9) Trunk number translation and match check at
remote unit

When relay 6SRC operates, in the manner described
above, relay 4R0 is operated over an obvious path and
relays SSA4 and 5SA7 as well as relays 10SB4 and 10SB7
are operated over the contacts of relays 4R0, 125Q2, 4IC
and resistance 101 to positive battery. Relays 4A4 and

4AT, 4B4 and 4B7, are also operated over obvious paths. 75
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Relay 24TKA is operated over the contacts of relays
128Q2, 9SR, 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, contacts
of relays 14TKA, 4A4, 4A7, 14TKA, 9TKS, 9TKQ,
14TKA, 4B7, 4B4 to ground,

The operation of relay 9TNK is a verification 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
relays 4A— and 4B- are operated. Thereafter, relay 125Q3
is operated from negative battery, winding of relay 12SQ3,

- contacts of relays 4IC and 12ABK to ground. Operation

of the latter relay is a call progress indication of the
successiul reception of trunk information.

(4.10) Release of trunk register at remote unit

When the control circuitry 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 to a “one”
condition (see Section 3.25). In consequence, the output
of imverter 15STAT changes from a “one” condition to a
“zero” 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 14RLI, relay 14R1.2 is
operated. |

When relay 14RL1 operates, the locking path for
relays 9TKO and 9TKS are opened at the contacts of relay
14RL1. The release of relays 9TK0 and 9TKS results in
the release of relays 12TRK, 70H, 8HMK and 7SMK.
In addition, select magnets 7SMAO and TSMAS8 are re-
leased at the contacts of the respective trunk relays 9TK0
and 9TKS. |

Operation of relay 14RI1.2 results in the operation of
relay 140L over a path from ground, contacts of relays
9SR, 4TA, additional contacts of relay 9SR, contacts of
relay 14RL2, winding of relay 140L to ground.

Operation of relay 140L results in opening the signal-
ing pair to the control unit at the contacts of relay 1401
in sender circuit 0 of FIG. 15. As will be shown herein,
the control unit responds by enabling the control pair to
the remote unit thereby activating signal present detector
15SPD to release relay 155TA, in turn releasing relay
4TA. Release of relay 4TA results in the release of relay
14RI1.

When relay 14RL2 has operated and relay 14R1.1 has
released, as described, relay 14RLS is operated over the
contacts of relays 14R1L1 and 14RI1.2. Thereupon, a reset
pulse is transmitted from positive battery, resistance 63,
contacts of relay 14RLS, and conductor 6RI.SC to reset
flip-flops 11PPFF, 11SRFF, 6P11FF, as well as cells
6CTR~-BC and the shift register.

When flip-fiop 11PPFF resets, the output of inverter
11PPOI changes from a “zero” condition to a “one” con-
dition and releases relay 11ST. In the interim, the re-
setting of the flip-flops and the shift register result in the
release of the associated relays 5SA— 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 a
“zero” condition in turn causing the output of inverter
6P220] to change from a “zero” condition to a “one” con-
dition thereby releasing relay 6SR$ which in turn releases
relay 4R0. When flipflop 6P11FF is reset, the output of
gate 6P1101 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 12SQ1-125Q3 re-
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lease as well as relay: 14TKA. Release of relay 12SQ1°
causes the release of relay 12LRK and removes the lock-
ing ground from relays 9T0 and 9U0 which thereupon
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 146L. As usual, when relay 140L

releases, the signal pair to the control unit is 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

control unit at the contacts of relay 140L, as described

in the preceding section, relay 20ITA0Q is’ operated by
signal ~present detector 20SPDG. Subsequent_ly,- relay
41TAQ is operated over an obvious path. Relay. 39RL1

operates from ground, contacts of relays 41EP; 41PP,

41SRC1, 380011, 380L6, 41TAl, 41TA6, 28SDPO,:
28SDP1, 39RL12, 37TM2, winding of relay 39RL2 to
- negative battery. Operation of relay 39RL1 releases relay

29TK 00 corresponding to the selected trunk. The latter

;o turn causes the release of relay 29ET0. In addition, the

operating path for relay 38LK0 is interrupted. Battery is

removed from the hold magnet operating circuit at the.

contacts of relay 39RL2 as well as the call preference cir-
cuit. A locking path is co

10

(5) DETAILED DESCRIPTION OF TERMINATING
CALL _

© (5.1) Start ngml {0 remote unit:

" 1t will be assumed .for purposes of illustration. that a -
call is being initiated from a remote central office to sub-
scriber 0 of FIG. 2. The call proceeds through the distant
office and the local central office. in the conventional -
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 00 of FIG. 22. This results in the operation of relay
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wpleted for relay 39RL1 which

checks for the release of relays 33T0, 33U0, 245SMK,

19HMK and 24ABK.
An operating path is completed for relay 28D0 from

is operated over the contacts of relay 39R1.1. The opera-

tion of relay 39RL2 opens the operating path. of relay

39R1.1 and relay 39TM3. Relay 24NK is operated over
the contacts of relay 39RL2 and the contacts of pre-

viously operated relays 41A— and 41B-. In addition, the

locking paths for relays 24SMK and 33T¢ and 33U0 are
opened at the contacts of relay 39RL2. When relays 33190,
3300, 19HMK, 24SMK have released and relays 39R1.2

and 28D0 have operated, relay 39RL1 releases. If relay

39R1.1 did not release.before relay 37TM2, the opera-
tion of (slow-to-operate) relay 37T'M2 opens the operat-
ing path of relay 39RL1 and operates an alarm circuit

30
negative battery, winding of relay 28D9, contacts: of

relays 41SR0, 39RL1 to ground. Moreover, relay 39R1L2
is operated over the contacts of relay 39TM3, contacts |
of relays 28DISO2 and 39RL1 to ground. Relay 37TM2
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(not shown). The release of relay 39RL1 opens ‘the. -

operating path of relays 37TM2 and 380L0. The release

of relay 38010 again closes the signal pair to the remote

unit which, as described in the :preceding section, will

cause the re
trol unit. .

1ote unit to close a signal pair to the .con-

50

In response to the closure of the signal pair to the
control unit, the signal present detector 20SPD# again -

releases relay 20ITAO0. When the latter relay releases,
relay 41TAG is released which in turn applies a reset sig-
nal in FIG. 32 from positive battery, resistance 324, con-
tacts of relays 41TA0, 39RL1, 39R1.2 and conductor -

32RLSC to reset .cells 32CTR-BC,. as well as flip-flops
27PPOFF, 27SROFF and the shift register flip-flops which

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,

99

60.
were set during the call.: When all flip-flops are in the

41SR0, 41SRC1 and 41EP. Release of relay 41SR0 causes :

the release of relay 380LJ. As seen in FIG. 39 when relay
24NK has operated and relays 41EP, 41SRC1 and 41TA0Q
have released, relay 39RL2 releases, in turn releasing:

relay 24NK. Release of relay 380L1 again restores the 70

connection to the remote unit not being served. Subse-

quently, when the remote unit serving the call normalizes,

the signal pair to the control unit is completed and relay -

41ITAQ releases, in turn releasing relay 41TAQ.

75

17SL00 over the sleeve conductor, contacts of relays
285C00, 19HMOAO09, winding of relay 17SL.00 to nega-
tive battery. Operation of relay 175L00 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 25L.T00 is operated and completes a path for relay
251 U00. | | |

Moreover relay 28TERO.is operated over a. path from
ground contacts of relays 39RL1, 39R1L2, 22TGBO, 231.-
TG0, 41TAQ, 290T0, 29ET0, 28DISC0, 28DIS10, 28D0,-

winding of relay 28TER@, contacts of relays 28TERO,

3473, 28TER1, 28TERO, 34Z3, 41SRC1, resistance 280
to negative battery..

It will be noted that the line lockout relays 25LT-
and 25LU— are arranged in a chain to. prevent other:
relays in the chain from operating after. one relay -has:
gained preference and. operated. The preference. chains
are arranged over the contacts of relay 25200 to reverse -
preference on succeeding calls. = | |

The operation of relay 25LU00 completes a path for
relay 38LKG0 -to check that one, and only .one,. relay
251 T— and relay 25L.U= have operated as shown in FIG.
38. Operation: of relay 28TERG; as described above,
opens a path at the contacts thereof to relays 28DIS00,
28SDPO and 28RSDP0. Moreover, a path-is completed
for the operation of relay 41ATCG68 from negative bat-
tery, winding of relay 41ATC00, contacts of relay 281-
ERO to eground. |

Operation of relay 28TER® also completes an operat-
ing path for relay 41LI0 and extends a ground condition .
to the logic circutry over gate 27FPG and the contacts
of relay 38LK0. Moreover, a path is completed for the.
operation of relay 23ESM¢ associated with line 00. Op-
eration of relay 41LI0 completes a path through the
operated relays 25L.T00 and 25LU06 to the shift register -~
circuit as seen in FIG. 30. In consequence: thereof, sig-
nals' are applied to conductors Al4 and AI7 as well as
BI4 and BI7 to steer the identification of the called line
in the corresponding -shift register stages 31SA4FF, 31S-
ATFF, 26SB4FF: and 26SB7FF. Moreover, an operating
path is completed for relay 386L1 which may be traced .
from negative battery, winding of relay 38011, contacts
of relay 41ATCO01 to ground. Relay 41ATCO1 operated -
over an obvious path including the contacts of relay
41ATCO00. The operation of relay 380L1, as shown in
FIG. 27, blocks service request calls from gaining pref- -
erence and initiates the transmission of line information
and call type to the remote circuit. In this respect it will
be noted that the stages 31SC4FF and 31SC7FF were
operated over conductors CI4 and CI7 and the contacts
of relay 28TERG.: |

Operation of relay 41TCA1, as described above, com-

pletes an operating path through relays 41ATC06, 25LT00

and 25LU00 for the corresponding register relays 33T0
and 33U0. Thus, a path may be traced from: ground,
contacts of relays 39RL2, 41ATCO9, 25L.U00, 41TCAIL,
winding of relay 33U0 to negative battery. A correspond-
ing path may be traced for relay 33T0.

(5.2) Transmission of information stored in shift register

When relays 380L0, 41TCA1 and 38TUK have oper-
ated, - additional - paths are completed to the electronmic
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logic circuitry to initiate the transmission of the informa-
tion stored in the shift register. The operation of relay
380L1, as described above, opens the signal pair to re-
mote unit 1 which is not processing the call. The opera-
tion of relay 41ATCO1 initiates the operation of the
over-all timer circuit of FIG. 37. As discussed above, the
operation of relay 38011 which opened the signal pair
from the control unit to the inactive remote circuit re-
sults 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 circuit. In consequence, the signal present
detector 20SPD1 (not shown) detects the removal and
operates relay Z0ITA1 (not shown).

When flip-flop 276TGFF is set over a path from posi-
tive battery, resistance 271, contacts of relays 380L1,
41'TCAI1, 28TERO and 381K, the “0” outputs thereof re-
turns to the “zero” condition. Since the counter 32CTR-
BC is in the normal condition, the output of gate 32CPOG

is a “one” condition. This condition is mverted through:

gate 32INVSI and is delivered over conductor 32CP0-9
to the input of gate 271GCSG. As a result, the output of
that gate is transferred to the “one” condition and mono-
pulser 27TIMP is activated to gate the information into
the shift register and reset all of the counters 21P-BC
as described in Section 4.8. The oscillator 21K is cner-
gized under the control of gate Z1CC3G and controls the
gates 21PG1G through 21PG3G which in turn operate
the shift register until gate 32CP16G is energized by the
counter which in turn disables gate 21CC3G and arrests
the operation of oscillator 21K.

As usual, when the first shift pulse is produced from
gate 21PGI1G, all of the information in the shift register
18 transferred and the output of flip-flop 310SFF changes
from ‘a “zero” condition to a “one” condition to trans-
mit the preliminary pulse. |

The remainder of the information in the shift register
Is transmitted in the manner described above for a serv-
ice request call. After each shift pulse is generated from
gate 2IPGIG, a “write” pulse is generated by gate 21P-
G2G. Since the latter pulse is unnecessary at this time,
the “write” gate 27WGG is inhibited by gate 27TWIG
which latter will block all of the “write” pulses until
after gate 32CP16G is set and all the information has
been transmitted from the shift register at the control
circuit.

In the interim at the remote unit, the transmission of
the start pulse or preliminary pulse is detected in the
usual manner by the signal present detector (Section
3.25) and discriminator (Section 3.24). Gate 155TG is
operated, in the manner described above, and the “one”
condition signal from the gate 1s applied to timer 15GIT
which in turn energizes gate ISMTG and monopulser
ESMT to set flip-flop 11PPFF over conductor 1ISMTC.
When the latter flip-flop is set, the input to inverter 11PPOI
changes from a “one” condition to gz “zero” condition to
operate relay 11ST. In addition, gate 11ING is energized
which in turn causes the setting of flip-flop 11INCFF. Re-
lay 11SRP is released and relay 11SIC is operated as well
as relay 4IC. Operation of these relays results in the re-
lease of relays 13LU~, 13LT- and 131K 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 1dentifica-
tion of line information, relay 9SR would have operated
to inhibit gate 11ING and’ prevent the setting of flip-flop
11INCFF. The time at which the starting pulse from the
control unit arrives at the remote unit therefore deter-
mines the preference. If the pulse arrives before the line
identification has been transmitted, the control unit ob-
tains preference. If the pulse arrives after the line identi-
fication has been transmitted, the remote unit retains con-

trol of the call.

10

15

20

29

20

39

40

99

60

65

70

75

38

The setting of flip-flop 11INCFF, described above, ener-
gizes monopulser 11T6 to generate a 10 microsecond
“one” condition pulse which is applied to monopulser
11T4. The latter generates a 10 microsecond “one” 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 1IINCEFF is applied to gate
16CC3G over conductor 11INCOC. Oscillator 16K 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
for a service request call.

Oscillator 16K is arrested by gate 16CC3G when gate

6CP16G of the counter is energized. Thus, a path may be
traced through inverter 68I, conductor 6P160C, gate
11CKTIG to gate 16CC3G. It will be noted that when
the counter reached a count of 6, gate 6CP6G is ener-
gized and a signal is applied through inverter 6CP6AI
and conductor 6CP6C to gate 1116G and monopulser
11T8. The latter applies a 10 microsecond pulse to in-
verter 1111 which in turn energizes (over conductor
11TSC) the inputs to gates 5CI-G. The other input to
these gates is from the shift register flip-flops 5SA-FF.
Thus, those flip-flops which are set will produce an equiva-
lent setting in the corresponding flip-flops 5SC-FF. Since
the call is a terminating call, it is assumed that flip-flops
SSCAFF and 5SC7FF will be set, in turn operating relays
SSC4 and 5SC7. When the latter relays operate, the cor-
responding relays 4C4 and 4C7 are operated and check
relay 12CK is operated, in turn causing the operation of
relay 9TER over a path including the contacts of relays
12CK, 4C4 and 4C7. Operation of relay 9TER causes
relay 12TRK to operate. Relay 14SI1 is operated over
an obvious path to transmit the line identification when
it is received to the register.
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 preselected
trunk (again assumed to be trunk 0). When the trunk
check relay 12TRK is Operated, relay 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 relay 12TRK is operated, the select magnets
7SMA0 and 7SMAS are operated in the manner described
above and relay 7SMK is operated in the uswal manner
to verity the correct operation of the select magnets.

When the remote unit has received all of the line identi-
fication information, as indicated by the energization of
gate 6CP16G, relay 6SRO is operated - through inverter
6P1601 and the contacts of relay 4IC. Relay 4R0 is op-
erated at the contacts of relay 6SRO and the appropriate
relays representing the line identification are operated, i.e.,
relays SSA4, 5SA7, 10SB4 and 105B7. Relays 4A4, 4A7,
4B4 and 4B7 are thereupon operated in the usual manner
and check relay 12ABK is operated. When the latter relay
1s operated, as well as relay 12CK, relay 12SQ1 operates
as a call progress indication indicating reception of line
information as well as call type. An operating path for
relay 14502 is now closed to steer the trunk information
into the shift register as shown in F1G. 4. Since the pre-
selected trunk is assumed to be trunk 0, information is
delivered over conductors Al4, A17, BI4 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 14SI1 to operate the register relays 9T0 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 op-
eration of the hold magnet is similar to that described in
Section 4.6.
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(5.3) Select magnet operation and hold magnet operation
at control unit

In the interim at the control unit, when relay 23ESMO .
is operated, as described above, the select magneis asso-
ciated with the preselected trunk will operate in the man- -
ner described above for a service request call. However;

if relay 24SMK fails to operate Of if relay 23DSM op-
erates, then relay 37TCF will operate. |
Assuming that relay 24SMK:operates in -the
manner, as described for a service request call, the ap-
propriate hold magnets, associated with the operated re-
lays 33T0 and 33U0 will be closed, also as described
above. When the hold magnet
the sleeve relay 17SLO0 is
tion is applied ‘on the central office sleeve leads through
the operated crosspoints to energize relay 18TBAGQ, also
in the manner described for a

of the hold magnet check relay 19HMK. causes the re-

normal

19HMOA09 is operated,
also operated. A ground condi-

service request call. Relay -
18TBGO operates over an obvious path and the operation
20

] |

10

15

lease of relay 24ESMO which in turn releases the select

magnets utilized in

both the remote unit and the control unit are operated.

In the interim at the remote unit, when relay 125Q2°
25
completed for the operation of relay 14CKT which lat-.

is operated (after the hold magnet is operated) a path 1S

the call. At this time the networks at

ter energizes gate 11CKTG to reset flip-flop 11PPFF and '

to trigger monopulser 11T2 which clears the line informa-
tion by
verter 1141 and conductor 11INC. Moreover, monopulser
11T1 is energized and over inverter 1151 and conductor
11INC gates the trunk information into the shift register
over conductors Al4, Al7, Bl4 and BI7.
monopulser 11T1 resets counter 16P-BC. Gate 16CC3G
is re-enabled and oscillator 16K 1is energized. Again, the

gates 16PG1G-16PG3G are operated to advance the in-.

formation in the shift register through the signaling cir-

cuit as described for a service request call. The operation
continues until the counter gate 6CP27G changes from
. “zero” condition to a “one” condition and disables
oate 6CC3G over conductor 6CP27C. Relay 6SEP 1s op-
arated over inverter 6P2701 to indicate that the trunk -

identification has been transmitted to the control umnit.

The trunk information is stored in the control unit 1n

o manner similar to that described: for the reception- of

line information on the service request call with the ex-
ception that the -oscillator 21K  is controlled by gate
counter is arrested by the energization

- 16CC3G and the
of gate 32CP27G. |

When relay 32IEP is released, in the manner described
for a service request call, relay
time, relay 41PP 1s
41FP, 38TUK, 41TCA1 and 27IPP. The operation of

relay 41PP completes an operating path for relay 36T1S.
36TIS completes a path for relay -

The operation -of relay
24NK, in the manner described above, and releases relays

251 T00 and 25LU00. Relay 36TCCY 1s operated over
the contacts of relays 36TIS and 28TERG. Relay 38010
is . operated over the contacts of relays 36TIS and

41ATCO1.

‘As usual, the operation of relay 3801.0 opens the sig-
remote unit, as shown in FIG. 20, to in-

nal pair to the

dicate to the remote unit that the first. pulse was received

in the control circuit and also conditions the remote cir-

ciit 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

operation of relay 4EP after the trunk information 1S
sransmitted in conjunction with the operation of relay
4TA. causes the operation of relay 1401, over a. path
‘which may be traced from ground, contacts. of relays

11SRP, 4TA, 4IC, 4EP, additional contacts of relay

41C, winding of relay 140L to negative battery. The .0p-

eration of relay 140L opens the signal pair to the con-:

resetting the shift register over gates 11RSG, in- .

The output of

41FP releases. At this
operated over the contacts of relays
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trol unit which responds by operating relay 20ITAG as a
signal to the control unit to release. |
" Prior thereto, the.operation of relays 201TA0 and
41TA0 completes an operating path for relay 32IR over
the contacts of relay 24NK. when gate 32CP27G 18 op-
erated. The operation of relay 32IR. completes a con-
nection to relays 26SB- and 31SA~ which operate accord-
ing to the trunk information stored in the shift register.
The relays which are operated in this case representing
trunk O: corresponds to. relays 2684, 26B7, 31SA4 and |
31SA7. Subsequently, trelay 24ABK checks the operation
of these relays.

(5.4) Trunk check on terminating call

As indicated above, the trunk information representing
the connected trunk at the remote unit has been transmit-
ted to the control unit and stored in the register thereat.
It remains now-to verify that the trunk identity transmitted
from the remote unit® (illustratively trunk: 0) is the

same as the trunk stored in the register at the control

unif.

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 36RE to nega-.

tive battery. In addition, a path 18 prepared for relay
37TCF and relay 23TCK.

1t will be noted that relays 36RF and 37TCF are oper-.
ated only in the event of a trouble condition, relay 36RF.
i1 the event of a remote circuit failure and relay 37TCF
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,
36TCCO0, 40CT00, 20TK00, 36TCCO0, 41B7, 41B4, 41A4,
41A7, 36TCCO, 29ET0, 23DSM, winding of relay 23TCK
to ground. The operation of relay 23TCK completes a
path for relay 40CT00, which ‘in turn completes the cir-
cuit through the ring conductor of the trunk extending to
the remote unit as shown in FI1G. 17.

Relay 40CTK is operated from negative battery, wind-
ing of relay 40CTK, contacts of relays 29TKO00, 40CT00
to ground. Select magnet 23SMOAUO :is released at the
contacts of relay 46CT00. The operation of relay 40CTK

completes a path for the operation of relay 39RL1 which

in turn opens the locking path for. relay 38LKO as well

hold magnet 199HMAO00. In addition, re-:
contacts of relay 39RL1.
Relay 29TKG0

as the path for
lay 28TERO is released at the
Relay 28D0 is operated as is relay 39RL2.

is released at the contacts of relay 39R1.1. Release -of

relay 29TK00 completes a Jocking path for relay 40CT00.

In addition the release. of relay 29TKO00 opens the op-
erating path for relay 40CTK and 29ATO.

Relay 28TERO 1s- released when relay 29ET0 releases
and relay 28D0 operates as shown in FIG. 28. The release
of relay 28TERO effects the release of relays 41ATCO00,
36TCCO, 41LI0 and causes the operation of relay
229TGBO. The release. of relay 41ATC00 1n turn causes
the release of relays 40TCK 41TCAL. Release of the latter
relay in turn effects the release. of relay 24NK, 36TIS
and 34RC4. Release of relay 36TIS effects the release of
relay 23TCK and relay 380L0.

Operation of relay 39RL2 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 33T6 in turn releases relay 19HMK and
the release of relay 38LKO opens the operating path ot
relay 38TUK. Release of the latter: relay in turn opens
the operating path for relay 41PP, the release of which
causes relay 36TIS to release. -

Operation of relay 39RL1 completes a path for the op-
eration of timer 37TM2. If relay 39RL1 has not released
before relay 37TM2 operates, an alarm (not shown) 18
enercized.. However, if the relays associated: with the

locking path of relay 39RL1 have released and relay



3,335,230

41
39RL2 has operated, relay 37TM?2 is prevented from op-
erating. | |

As indicated above, relay 38010 has released, the;e-by
completing the signal control pair to the remote unit as
an indication to the remote circuit to release.

At the remote unit, relays 15STA and 4TA are operated
in the usual manner, and the operation of relay 41EP as
described above together with the operation of relay 4TA,
effects the operation of relay 1401, thereby opening th{e
signal pair to the control unit. When the control unit
closed the signal pair as described above, relay 15STA
releases and relay 125Q3 operates over a path from nega-
tive battery, winding of relay 125Q3, contacts of relays
41C, 4TA, 140L to ground. Operation of relay 12SQ3 in-
dicates the successful transmission of trunk information.
When relay 12SQ3 is operated, relay 14RL1 operates over

a path from negative battery, resistance 142, contacts of

relay 14TM2, winding of relay 14RL1, contacts of relays
14R1.2, 125Q3, 4IC, 4TA and 11ST to ground. The opera-
tion of relay 14R11 opens the operating path of relay
9TKO which releases, in turn releasing relays 12TRK,
20H, 8HMK and 7SMK. In addition, select magnets
TSMAOQ and 7SMAS release and relay 14R1.2 operates.
When the latter relay operates, relay 14RL1 releases.
The operation of relay 14RL1, in conjunction with the
release of relay 14RL2, causes the operation of relay
14RLS, which in turn delivers a release signal as shown
in FIG. 6 to the solid state logic circuitry over conductor
SRILSC which resets flip-flops 11PPFF, 5SC-FF and
11INCFF, as well as cells 6CTR-BC. 'When
SSC-FF reset, the associated relays 5SC— and 4C—, as
well as relays 9TER and 14SI1, are released. ‘The resetting
of flip-flop 11INCFF causes the release of relays 11SIC,
41C, 12SQ1-12SQ3 and relay 14S02. The release of relay
12SQ1, effects the release of relays 12LRK, 9T0, and 9U0.
The release of the toregoing relays effects the release of
relays 14RL2, 140L and 14RLS. As usual, when relay
140L i1s released, the path to the control unit is closed.
This transmits a signal to the control unit which releases
relay 20ITAGS, as an indication that the remote unit is now
in the normal condition. Thereupon, the control unit pro-
ceeds to release and to return to the normal condition.
Thus, when relay 201TAQ s released, the corresponding
relay 41TAQ is released. Release of the latter relay trans-
mits a release signal as shown in FIG. 372 to the electronic
logic circuitry over conductor 32RLSC. The release of
relay 41TAQ releases relays 41ATCO1 and 3801L.1. Since
remote unit 0 is processing the call, the release of relay
380L.1 completes the signa] pair to the remote unit not
being used on the call. The latter remote unit in turn com-
pletes its signal pair to the control unit indicating that it
1s in the normal condition. |
The release signal to the solid state logic circuitry over
conductor 32RISC causes the resetting of flip-flops
270TGFF, 27PPOFF, the shift register flip-flops and the

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.
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 321R.

When the shift register output relays have released, the
associated relays 41A~ and 41B— release, causing the op-
eration of relay 24NK. Release of relay 27IPP, in turn
causes the release of relay 41PP which together with the
release of relay 41TA@ causes the release of relay 39R1.2.
Release of relay 39R1.2 in turn releases relay 24NK and
the operation of relay 39TN3 to return the circuit to a
normal condition. |

When relay 20ITA1 (not shown) releases, the associ-
ated relay 41TA1 releases thereby allowing calls to be
made to both remote units.

(6) DISCONNECT CALL

As indicated in the general description above, a discon-
nect call is initiated after each service request and termi-
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nating call in order to select a trunk for the next succeed-
ing call. A disconnect call is initiated in the control unit
when relay 28D0 is operated, as described above, and relay
idle trunk is available. 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 attempt to es-
tablish a terminating call and a trunk has not been pre-
selected.

Normally, after a service request call or a terminating
call, all 16 trunks to the remote umt involved will be
connected and a disconnect call is made to release an
idle trunk. 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 disconnect call which will select all
of the released trunks until all 16 trunks are connected.
When a special disconnect call is made the call is similar
to a normal disconnect call with the exception that the
hold magnet will not be released since the trunk is already
released. Moreover, the trunk preference circuit will not
be used since only the trunks that are released will be
selected. If, during a special disconnect call, it is deter-
mined that the trunk was connected to a line and the
trunk memory (relay 40CT-) was not available (1ndi-
cated by the operation of relay 366HM) the appropriate
hold magnet will be released.

(6.1) Start of disconnect call

Operation of relay 28D0 opens the operating paths
to the other relays in the call preference circuit for
group 0. Moreover, a path is completed for the operation
of relays 28SC60 and 28DIS00. Operation of relay |

28DIS00 completes a path for the operation of relay
285CO01 and relay 28DISO1.

also completed at the contacts of relay 28DIS00. The
operation of relay 28SC0¢ ‘opens the sleeve conductor to
the line equipment at the central office as shown in
FIG. 17. This results in the release of relay 17SL00
(assuming that the relays 25LT00 and 25LU00 were
Operated). | |

- Operation of relay 28DISO1 completes a path for the
operation of those relays 18TBA~ which have an operated
relay 18TB- associated therewith, The operation of a
particular relay 18TB- indicates that the particular trunk
1S busy. The operation of relay 28DISO2 completes a
path in FIG. 35 to the shift register over conductors
CI¢ 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 40CHMO is unoper-
ated. In addition, relay 41DT1 is operated at the contacts
of relay 28DIS0O2. Operation of the latter relay partially
completes a path for extending the trunk information to
the shift register as shown in FIGS. 30 and 35. Operation
of relay 41ATC00 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 completes an
operating path for relays 33T0 and 33U0. | |
The information from the electromechanical portion
of the control circuit identifying the trunk o be released
1s gated into the shift register in the usual manner. This
information, together with a preliminary pulse, in 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 pulse and
the transmission of the type of call information is similar
to that discussed above for gz terminating call. On a dis-
connect call, however, relay 9D1 is operated for a normal
disconnect call and relay 9D2 for 3 special disconnect
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call. The operation.of relay 9D1 causes the operation of
relays  9DIS0-9DISY. The - contacts of relays 9DISO-
ODISY interrupt the path to relays 21.00-21.09, respec-

tively.. When relay 9D is operated, the locking path for
relays 9TK-— is interrupted to release any such relays that

have remained operated from previous calls. Relay 14512

is operated over an obvious

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
10SB— will- be .operated followed by the operation of
corresponding relays 4A—~ and.4B— When the latter relays
are operated a path 1s: completed through the contacts
of relays 14SI2 to operate relay oTKe, This path may
winding of relay 9TK9,

be traced from negative battery,
contacts of relays 14S12, 4B4, and 4B7 to ground. Siice
trunk 1 is the preselected trunk, relay 9TK9 is also oper-

ated over the contacts of relays 4A2 and 4A7. The oper-
ated relays 4A— determine the trunk steering level where-
determine the trunk select
level. Relay 12TRK is operated to check that relays 9TK—
have operated correctly. When relay 12TRK operates, a
path is completed to relay 9TSO1 associated with:the
of the latter

through the switch to prevent cur--
30

as- the operating relays 4B-—

trunk to be disconnected. The operation
relay opens the path
rent 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

21.17 will be operated from negative battery, winding of
relay 2117,
relays 97500, 7RH, 70H, and winding of relay 2XPK to
ground. Both relays 2L.17 and 2XPK are operated over
this path.' As a result
appropriate relays 13LT3 (not shown) and
operated. Again check relay 13LK operates

shown) and 9UO. Thereafter, check relay 12LRK is
operated in the usual manner..

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

relays 7RH, 9T1 and 9U7 of a potential to hold magnet
9HMA17 to ground, opposite in direction. to that pro-

vided for operating the magnet. The reverse current
through the hold magnet releases the magnet but prior
thereto, relay 8HRK 1s shunted over the contacts of

relays 70H, 9T1 and 9V7 and 8HMAILT7 to ground. When
hold magnet SHMAT17 releases, relay SHRK operates over
the contacts of relay 7RH and resistor 83. -

(6.2) Trunk preference on a normal disconnect call

The trunk preferred for disconnection at the control:
unit is determined by a combination of trunk preference.
relays 34TPRO1-34TPROS for group 0 and relays 34720
for group O and relays 34TPR11-34TPR15 and 3471 for
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 in order
that a particular frunk be preferred once during 16 suc- -

cessive calls.

The preference circuit 1s. 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 34TPROS, wind-
ing of relay 34TPROI1, contacts of relay 34TPRO1, addi-
tional contacts -of
28DISO2, 24ABK, 36TIS, 19HMK, 38TUK, 29TRK,

path. The latter relay steers .
the trunk information when it 1s received from the contml_ |

sleeve conductor of the trunk,. contacts of -

of the operation of relay 2117, the

131.U0 ‘are
in the usual
manner. When the latter relay operates, relay 13LS is
operated in turn causing the operation of relays 913 (not-

7RH,
 contacts of relays 70H, 8XPK1, 9D and 12LRK to
oround. Operation of relay 7RH results in the applica-~ -
tion from negative battery, resistance. 82, contacts of
50

relay 34TPROS, contacts of relays
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39RL1 to ground.' Relay 34W0 operates Over the con-
tacts of relay 34TPRO1. Operation of relay 34W0 com-
pletes a path for relay 34TPRO1 through the contacts of
relay 34Z0 and the contacts of relay 34W0. Operation of

" relay 34TPRO1 removes the shunt path from relay 3420

which operates.

Subsequently, the trunk identity is returned to the:
control circuit from the remote circuit and a sequence
of operations is performed similar to that .described . 1n.
Section 5.4. |

(6.3) Trunk preference on a special disconnect call

A special disconnect call is made, as explained above,

in- Section 3.42, when more than one trunk in a group
‘has a released relay 40CT— associated therewith in turn

causing the operation of relay 40CHMO. When one relay
40CT- is released, the current in both windings of relay.
40CHMS is balanced and the relay elements released.
When two or more relays 40CT— are released, the cur-
rent in the primary winding is sufficient to operate relay
40CHMO. When relay 40CHMY is operated, those trunks.
which have relays 40CT— and 18TB- released will com-
plete operating paths to the associated relays 29TK-.

Assuming that trunks 6 and 7 are released, relays
29TKO6 and 29TKO7 (not shown}) will be operated in
turn causing the operation of relay 29ET0 and 290T0. It
will be seen from FIG. 29 that a holding. path 1s com-
pleted for the lowest aumbered relay 29TK-, in this case
relay 29TKO6. 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 & special disconnect call -

Normally when a special disconnect call is -made, 2
trunk relay 29TRK op-
erates and completes a connection through the operated
trunk relay 29TKO4 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 a line, the ground
applied on the sleeve conductor will operate sleeve relay
17SL~ of the connected line. In addition, an oOperating
path will be. completed for the line lockout and identifica-
tion relays associated with the sleeve relay unique to the
line connected to the trunk being released.

The operation of the sleeve relay and the line lockout

and identification 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 381 K0 completes a path for the

operation of relay 38TUK. Thereupon, the operation of

relay 24HM0 completes a path for releasing the hold mag-.
nets associated with the identified line in the manner de-
scribed above for the remote unit-hold magnets.

When the hold magnets release, the operating path for-
relay 19HMK is opened and relay 34TPRO3J is operated,
providing that relay 34TRRO3 was. priorly released and
relay 34TRO2 was operated. |

At the remote unit when relay 12TRK is operated, a
path is completed through relays 2XPK, 7RH, 125Q2,
0D2, and 12TRK to operate relay 8XPK2. Relay 9TSO1
is operated and completes a path through relay 2XPK

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

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 normal disconnect call. If relay
2XPK does not operate, relay 8XPK2 will operate and
complete a path to operate relay SHRK. When the latter
relay operates, a path is completed to operate relay 1235Q2
which in turn releases relays 9TSO1, SSA- and 10SB-

as well as the associated relays 4A— and 4B—. Relay
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13LK~ is released thereby releasing relays 13LT- and
13LU~. When relay 14CKT is Operated, a ground is ap-
plied to gate 11CKTG which initiates the transmission of
the trunk information in the manner described above.

The open line signals between the control unit and the
remote unit are the same as those described on a ter-
minating call. The release signal, however, does not effect
the release of relays 9TU1 and 9TU9 which instead
serve 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
14R1L2. The hold path for relays 9TU1 and 9TK9 is
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
that relay 34PTRO1 is operated at the contacts of relay
24ABK. Moreover, the operation of relay 23TCK opens
the operating path of relay 37TCF and closes an operating
path for relay 39RL1. The operation of relay 39R1.1 re-
leases relay 38LKO0 and removes battery from the hold
magnets. The operating path for relays 28DIS00 and
285C00 is opened although the hold path remains closed.
Relay 28D9 is released at the contacts of relay 39RI.1,
The release of the latter relay causes the release of relays
28DIS00 and 28SC00. The release of the remaining con-
trol relays is similar to that described above for a ter-
minating call as is the release of the solid state logic
circuitry. When relay 41ATCO1 is released, the operating

path for relay 380L1 is opened in turn completing the

signal 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 causes relay 39RL2 to.
release. The latter in turn releases relay 24NK.

(7) SERVICE DENIAL CALL

Occasionally, it becomes necessary to “deny” service to
a particular customer whose line is functioning abnormal-
ly. For example, the subscriber may have received a
terminating call and allowed his receiver to remain off
hook. |

Service may be denied to the substation serving that
subscriber by initiating 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
of the terminals of group 0 or group 1. For illustrative
purposes, 1t will be assumed that service should be denied
to line 00. |

Operation of key 18SDOK results in the operation of
relay 28SDPJ. The operation of the relay 285SDP0 com-
pletes an operating path for relays 28DIS6G0 and 28SC00.
The operation of relay 28SC00 opens the sleeve conduc-
tors of all of the lines in the associated group to the central
office line circuit as shown in FIG. 17. The operation of
relay 28DIS00 completes a path for the operation of relay
28DISO1. Operation of the latter relay completes a
locking path to those relays 18TBA- associated with all
busy trunks in the group. Relay 41ATCO0 is operated over
the contacts of relay 28DISO1 and relay 37SD0 is op-
erated at the contacts of relay 28DISOL. |

Operation of relay 41ATC00 completes a path for the
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are released. Moreover, relay 380L1 is operated over the
contacts of relay 41ATC00 as well as relay 41ATCO1.
Operation of the latter relay starts the timing cycle of
timer 37TMS and the operation of relay 380L1 opens the
signal pair to the remote unit not being served.

Operation of relay 41TCA2 completes an operating
path for relay 17SL00 associated with the line to be denied
service. |

Operation of relay 37SD0 as described above com-

pletes a path for the transmission of service denial class 75

70
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information to the shift register. Thus, conductors CIi
and CI2 are energized over the contacts of relay 37SD0
to indicate a service denial call. In addition, a path is
completed for the operation of relay 41110 as well as for
relay 17SL00. The latter path may be traced from nega-
tive battery, winding of relay 175109, contacts of relay
I9HMOAQ00, sleeve conductor, terminal S00, terminal
SD0, key 18SDOK, contacts of relays 37SD0, 41TCA1 to
ground.

Operation of relay 17SL00 initiates a sequence of op-
erations including line identification that are similar to a
terminating call with the exception that the select magnets
will not be operated. The operation of relay 38TUK
completes a path in FIG. 27 to the electronic logic cir-
cuitry to initiate the transmission of line information
to the remote unit. Moreover, unlike a terminating call
relay 17SL60 will not be released when the hold magnet
operates nor will the preselected trunk be used or re-
leased. Therefore, the associated relay 40CTO00 (assuming
the selected trunk is trunk 0) will not operate in turn
preventing relay 40CTK from operating.

The remote unit responds to the transmission of in-
formation relating to the service denial call by operating
relay 95D1 in response to the operation of relays 4C1
and 4C2. Other operations by the remote unit are similar
to those for a terminating call with the exception that
relays 12TRK, 9TS00, 7SMK, 14S02, ZXPK, 8XPK1
and 2L00 are not operated. As indicated above the select
magnets are not operated. Relay 7RH is operated over the
contacts 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 is
opened at the contacts of relay SHMAG0. In licu of trans-
mitting the usual trunk signal, a check signal consisting of
A digit 9 and B digit O is sent to the control unit.

When the control unit receives this information relays
41A2, 41A7, 41B4 and 41B7 are operated, in turn operat-
ing relay 24ABK; key 37SD0 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 serv-
ice denial call is opened at the contacts of hold magnet
SHMAWO0 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 proceeds initially
in a manner similar to that of a service denijal call except
that a release service denial terminal is used. Under these

- conditions key 37RSD¢ is operated in turn operating relay

28RDPO. Thereafter the call proceeds as a disconnect call
with the exception that trunk selection will not take place
since relay 28DISO2 does not operate nor does relay
29TRK. Moreover, as described above, a service denial
call relay 17SL00 (assuming the line is 00) will not re-
lease when the hold magnets release.

At the remote unit the circuit operation for a release
service denial call is the same as for a terminating call de-
scribed above with the exception that relay 9SD2 is oper-
ated instead of relay 9TER and, moreover relays 12TRK,
I15-, TSMK, 145802, 2XPK1, 8XPK1, 2100 and the cor-
responding select magnets are not operated. Moreover, re-
lay 7RH is operated over the contacts of relay 9SD2 and
the hold magnet is released instead of operated. In addi-
tion, relay 8HRK operates in place of relay 8HMK and
the same code if used, is a service denjal call (A digit 9
and B digit 0) is sent to the control unit.

The response at the control unit to thijs 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.
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(9) TIMING OPERATIONS AND CHECKING |
CIRCUITS

The preceding description -of operation _assumed suc-

cessful completion of each function. Various timing cir-

cuits are included which are effective in the event of ab-

normal operations to recycle the equipment, transmit
alarms and prevent other calls from being initiated. In

the event of successful call completions, the following tim-

ing and checking operations may be ignored. .

(9.1) Recycle timing.

The recycle timer associated with relay 37TM1 is sim-

ilar in over-all aspect to the timer associated with relay
14RT of the remote unit. For a call originated at the con-

trol circuit, the first (longer) interval. of the recycle timer
‘s between the end of signaling to the remote unif (char-
acterized by the operation of relay 41EP) and the recep-
20
The second (shorter) interval is between the .
from the remote end (characterized by -
the operation of relay 36TIS) and. the operation of relay
24ABK which indicates that the information has been

tion of a reply signal from the remote end (release of re-
lay 41EP).
start of signaling

checked.
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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 re-

lay 36RTR operates. If relay 24ABK does not operate
(as seen in FIG. 37)

timer and cause the operation of relay 37TM1. Release

of the latter relay completes an operating path for relay.
37RC2 which in turn releases relay 37RCI. Release of

the latter relay removes the signal condition from the elec-
tronic logic circuitry. | S
Subsequent operation of relay 36RTR initiates the sec-

ond operation of the short timing circuit interval of the

timer connected to relay 37TMI. |
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

effects the results described above on a service request
an operating path for relay

and in addition completes _
37RC3. Operation of the latter relay completes 2 path
to- signal the electronic logic circuitry to return to the

reset condition as shown in FIG. 32 and, in addition,
opens the conductor to flip-flop 270TGFF. Moreover, the
timing circuit is again grounded over the contacts of relay

37RC3 and 41TCAL1 to release relay 37TML. .
Release of the latter relay completes an operating path
for relay 37RC2 over the contacts of relay 37RC1. Oper-

ation of relay 37RC2 causes the release of relay 37RC1
recycle signal from the elec--

which in turn removes the !
tronic logic «circuitry in FIG. 32. Release of relay 37RC1
effects the transmission of the information stored in the
electronic logic :circuitry to
of relay 37RC3. If the remote unit fails to
correct information, a trouble signal will be returned in-
stead of trunk information to operate

before the short timing interval, relay -
37TM1 will operate to close an operating path for recycle
relay 37RC1. The operation of relay 37RC1 recycles 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 -

relay 36RF. The
latter relay is operated by the transmission of signals from.
the remote unit effective to operate’ relays 41A1, 41A7,
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42B4 and 41B7. Operation of relay 36RF results in the.

printing of

trouble release.

a trouble record by means not shown herein
as not essential to- the present invention followed by a

5

tronic logic circuitry to

opens the

ciated with relay 37TMS5. If the cali is not €O
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A terminating call to the remote unit initiates the second
interval of timing for short timing interval for relay
37TM1 when relay 36TLS operates. If relay 24ABK does -
not operate before the end of the timing interval relay
37TM]1 operates. Release of relay 41TIS (due to recycling
of the electronic circuit) causes the timer associated with
relay 37TM1 to recycle and release relay 37TMIL. Relay
37RC?2 operates and releases relay 37RC1. A subsequent -
operation of the timer and relay 37TM1 completes a path
to relay 37RC2 which effects the printing of a trouble
record. Operation of the latter relay will complete an oper-
ating path for relay 37RCl1 which in turn will cause
operation of relay 37RC4 over the contacts of relay 41PP."
Operation of relay 37RC4 transmits a signal to the elec-
recycle to clock phase 16 as shown
in FIG. 32. Moreover, the battery potential is kept from.
relays 25L.T- of the group being served (by the contacts of
relay . 41TIS) and an operating path provided for relay
38010 (assuming that group 0 is being served).

This function is performed by the timing circuit asso--
ciated with relay 37TM2. If relay 39RL1 does not release
before the operate time of relay 37TM2 the latter relay
will operate which opens the operating path of relay
38010 (assuming that remote unit O 18 being served) and
operating path of relay 39RI.1. Relay 39RL2
is operated over the contacts of relay 37TTM2.

(9.3) Timing for release of relay 39RL2

If relay 39RL2 is not released, relay 39TM3 will release -
to effect the release of relay 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 41ATCO0, 41ATCO1 or 41SRC1 -
will start the operation of the over-all timer circuif asso-
ipleted
before 12 to 14 seconds relay 37TMS will operate. The
operation of the relay will resultin the operation of relay
39RL1. |

(9.5) Hold magnet failure relays

A service request call operates relay 36HMF1 when
relay 41SCR1 'is operated over the. contacts of relay
24 ABK. When relay 24ABK -operates the operating path.
for slow release relay 36HMF1 is open. If relay 199HMK:
does not operate prior to the release interval of relay =
36HMF1 a path is completed for relay 36HMF2 over the .
contacts. of relay 36HMFEF. Operation of relay 36HMK2
opens the operating path for relay 36TISR and closes an
operating path for relay 3655. 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
bhas 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 trunk check
is not completed, within the time to operate relay 37TCF,
the operation of that relay will cause a trouble record to
be made by facilittes not shown herein but well known in
the art followed by -a trouble release. N
Operation of relay 23DSM opens the operating path
for relay 23TCK which in turn causes relay 37TCF to
operate and generate the same sequence Of ‘operation
as described above. | | )

(9.7) Hold magnet timing -

If a trouble releas¢ occurs on a disconnect or service

the -
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denial call, relay 39HMT operates when the hold magnets
are closed and relay 199HMK has operated. The operating
path for relay 39HMT remains closed until relay 40CTK
1s operated. Slow-to-release relay 39HMT releases there-

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 mag-
nets magnetically latched.

(8.8) Trunk overflow circuit

When all trunks are busy in group 0, relay 22TGB6

1s operated. When all trunks are busy in group 1 relay
22TGB1 (not shown) is operated for group 1. A terminat-
ing call effects the operation of the respective relays
1751~, 25LT- and 25LU- as described above. However,
the associated relay 28TER® or 28TER1 will not operate
i view of the contacts of relay 22TGB- in series there-
with. However, a path will be available through the con-
tacts of the operated relays 22TGB-, 25L.U~ and 17S] —
to apply a call progress tone on the ring conductor of the
line appearance and to connect the tip and ring conductors
to tube TBGO to trip ringing. When the central office
equipment is released ground will be remade from the
sleeve conductor in turn causing the release of relay 1751~

and the associated relays 25LT— and 25LU-.
(10) PREFERENCE CONTROL

The preference between terminating calls and service
request calls is controlled by the logic circuitry. If a
service request call obtains preference relay 27ISRO is
operated in turn causing the operation of relay 4iSRC1
which removes battery from the preference relays in
FIG. 28.

If simultaneous disconnect and terminating calls occur
the operation of relay 28TER¢ or relay 28TER1I will
remove battery from the preference relays for other calls
and the terminating call will obtain preference. The Oper-
ation of relay 28D9 or the corresponding relay for group 1
will prevent service denial calls from gaining preference
and will prevent the operation of relay Z8TERQ or
28TERI1. "

(10.1) Terminating preference

When relays 34W3 and 34Z3 are in the normal con.-
dition group O will be preferred. The operation of relay
28TERO closes an operating path for relay 34W3 and a
shunt path to prevent relay 3474 from operating. Opera-
tion of relay 34W3 closes an operating path for relay
347Z3. When relay 28TERO releases the shunt path of
relay 3473 is removed causing that relay to operate.
Operation of relay 34Z3 changes the preference of the
groups and allows group 1 to be preferred. This cycle of
operation of relays 34W3 and 3473 prevents a failure in
one group from affecting calls to the other group.

(10.2) Line lockout preference

If relays 34W4 and 25Z00-25703 are normal the prei-
erence in group O for relays 25LT- is from relay 25L.T00
to Z5LTO7. The preference for relays 25LU- is from
25LUGG to 25L.U09. When relay 41ATCH0 operates on
the first call an operating path is completed for relay
34W4. When relay 36TIS operates a path is completed for
relay 25700. With relay 25Z00 operated, the preference
in group 0 is from 25L.T07 to 25LT00 and since relay
25201 i1s normal, the preference is from 251.U09 to
251.U08. When relay 41ATCO operates on the next cail
a shunt path is completed which causes relay 34W4 to
release. Operation of relay 36TIS closes an operating path
for relay 25Z01. Operation of the latter relay changes the

preference in group 0 from relay 25L.U09 to relay 25L.U0G0

and the previously operated relay 25700 retains the prei-

erence of 25LT07 to 251L.T¢6¢. When relay 41ATC00 oper-
ates on the next call an operating path for relay 34W4 is
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completed. Operation of relay 36TIS causes the release of
relay 25Z00. When only relay 2571 is operated the pref-
erence in group 0 is from 25L.T00 to 250107 and from
25L.U09 to 25L.U00.

On the following call the operation. of relay 41ATC00
causes the release of relay 34W4. Subsequent operation
of relay 36TIS releases relay 25Z01 and the preference
returns to that described initially. This cycle continues
and prevents one line from denying service to any other
line.

The preference arrangement for group 1 although

not shown is similar to that described above.

(10.3') Trunk group busy

The operating path for relay 22TGBO0 is closed when
all of the trunk pusy relays 18TB- in the group are
operated. Operation of relay 22TGB0 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 1s 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 scope of the invention.

What is claimed is:

1. A telephone line concentrator system including a
telephone central office, a plurality of remote substation
lines, a lesser plurality of trunks extending from said
office, remote switching means for coupling said lines to
said trunks under control of said office, and means in
said remote switching means responsive to signals from
said office indicative of the selection of a particular trunk
for connection to a service requesting line for connecting
said line to said trunk and transmitting to said office the
1dentity of said connected trunk.

2. A telephone line concentrator system including a
telephone central office, a plurality of remote substation
lines, a plurality of line terminations in said office indi-
vidual to said lines, a lesser plurality of trunks extend-
ing from said office, remote concentrator means for con-
necting said lines to said trunks, means at said office effec-
tive on a terminating call to a called one of said lines for
coupling a particular trunk to said termination of said
called line, and means responsive to signals from said
concentrator means indicative of the connection of a par-
said called line for comparing the identity
of said particular trunk transmitted by said remote con-
centrator means with the identity of said particular
trunk connected to said called line termination at said
office.

3. A telephone line concentrator system including a
telephone central office, a plurality of remote substation
lines, a lesser plurality of trunks extending from said
olfice, remote switching means for connecting said lines
to said trunks under control of said office, means in said
ceniral office for preselecting a particular trunk to be
used on a subsequent connection, means in said office for
transmitting said particular trunk identity to said remote
switching means; means in said remote switching means
effective in response to a service request call at one of
said substations for coupling said particular trunk to sajd
line, additional means for transmitting said particular
trunk identity from said office to said remote switching
means, and comparator means at said remote switching
means for checking the identity of the actual trunk con-
nected to said service requesting line with the identity
transmitted from said office to verity that the correct
trunk has been connetced.

4. A telephone line concentrator system including a
telephone ceniral office, a plurality of remote substation
lines, line terminations in said office individual to said
lines, a lesser plurality of trunks extending from said
office, remote switching means for connecting said lines
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to said trunks under control of said o

nection to a line on a subsequent call, means
responsive to a terminating call to one of said lines for
transmitting -said called  line identity to

trunk to said called line termination, means in said remote
switching means for transmitting the trunk identity
said predetermined trunk to said office, and comparator
means in.said office for comparing said trunk identity

line termination at said office.

5. A telephone line concentrator system. including a

a telephone central
said

plurality of remote substation lines,
office, a lesser plurality of trunks extending from

office, remote switching means for connecting said lines
to said trunks under control of said office, means at said
remote switching means and said office for storing the
of ‘a preselected trunk for use on a succeeding

identity _
connection, a plurality of line terminations In said oflice

individual to said substation: lines, means in said office

effectve in response to a terminating call to a called one

of said substation lines for coupling said preselected

irunk to said line termination individual to said called line

in said office, means at said remote switching means. for

coupling said called line to said preselected trunk and for

transmitting. signals indicative of the identity of said trunk

to said office, and comparator means in said office respon-
sive to the reception of said signals for comparing said

connected to said called line termination to verify that

said line .and called line termination are connected fo the. .

same trunk.

6. A remote telephone line concentrator:switching sys-

tem including a telephone central office, a plurality of

remote substation lines, a plurality of trunks extending

from said office, remote switching means for connecting
said lines to said trunks under control of said office, regis-
fer

office for storing the identity of a preselected trunk for

use in a . succeeding calling connection, a plurality of
line terminations at said. office individual to said lines, .

means. at said office effective in response to a service re-
quest- calling condition on a calling one of said sub-
station lines for connecting said preselected trunk  to
said line termination individual to said calling line and
for. transmitting signals representative = of said trunk

identity to said remote switching means, means at said

remote switching means for connecting said calling line
to said preselected trunk under control of said register

means effective in response to the reception of said trunk

identity signals for comparing the identity. of said trunk -

connected to said calling line with the identity of said
trunk transmitted from said office. |

7. A telephone line concentrator system including a
plurality of remote substation lines, a telephone - central

office, a plurality of trunks fewer in number than said.
lines extending from said office, a remote unit, trunk:

ice, trunk select-
ing means for preselecting a predetermined trunk for con~
in said oifice

saild remotie
switching means and for connecting said predetermined

of

eans at said remote switching means and at said

means, and comparator means at said remoie switching -

1]

L2 ) 10
transmitted from said remote switching means with the

identity of said trunk actually connected to said called
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register means at said remote unit and said trunk register
means at said remote unit for verifying that, said calling
line and said termination individual to said calling line
are connected to said preselected trunk. |

8. A telephone.line concentrator system in accordance

with claim 7 including in addition means at. said central

office and at said remote switching means effective in
response to a terminating call to a called one- of said-
lines for connecting said called line and said termination -
individual to said called line to said preselected trunk,
means in said remote switching means for thereafter
transferring signals indicative of the identity of said trunk .

to.said shift register thereat, means for transmitting said
identity to said shift register at .said office, and compara-.

tor means at said office jointly responsive to said shift

register means and to said trunk register means for
verifying that said called: line and said called termina- -
tion are connected to the same trunk.

9. A telephone line concentrator system including a
telephone central office, a plurality of remote substation
lines, a- lesser plurality of trunks extending from said
office, remote switching means for coupling said lines
to said trunks, means at said office for selecting a par-
ticular trunk for connection to one of said lines and for
transmitting the identity of said trunk. to said Temote

switching means, means at said remote switching means

for connecting said one line to said particular trunk and

* for transmitting the identity of said trunk actually con-

a0
“transmitted trunk identity with the identity of said trunk -
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register -means in said remote - unit and said central

office for storing signals indicative of the identity of a
preselected trunk for use on a succeeding connection,

shift register means in said remote unit and said cen-

tral office for storing signals transmitted therebetween,
a plurality of lme ter

effective in response to a calling condition on one of .

said lines for comnecting said calling line and said ter-
mination individual to said calling line to said prese-
lected trunk, means at said central of;
identity of said preselected trunk in said shift register at
said office and for transmitting said trunk identity to
said shift register at said remote unit, and comparator
means at said remote unit jointly Tesponsive to said shift

Zinations: in said office individual -
to said lines, means at said office and said remote unit

ice for storing the
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remote switching :

nected to said line to said central office, and means at-

said central office for comparing the identity of said

trunk actually connected with the identity of said pre-
selected trunk, . . |

10. A telephone line concentrator system including a
telephone central office, a plurality of remote substation :

lines, a lesser plurality of trunks extending from -said

office, a remote unit, remote switching means at said -
remote unit for coupling said lines to said trunks under
control- of said office, a plurality of line terminations:
at said office individual to said lines, means 1in said
office for maintaining all of said trunks except a pre-
selected trunk connected between said lines and line ter-:
minations, means effective in response.to a service re-
quest condijtion at a calling -one of said substations: for
coupling - said preselected trunk:to said calling line at
said remote switching means: and to said calling line
termination at said office, and means at said office for
thereafter transmitting the - identity of said preselected
trunk to said remote unit for comparison with the identity
of said trunk actually connected at said unit. |
11. A telephone line concentrator system including a
telephone central office, a plurality of remote substation

lines, a lesser plurality of trunks extending from said

office, remote switching means- for coupling - said - lines .
to said trunks under control of said office, a plurality of
line terminations individual to said lines at said office,
delayed disconnect means effective In response 1o service
request and terminating calls to maintain all of said trunks
except a preselected trunk coupled between said lines
and respective line terminations after the conclusion of
said calls, means effective on a terminating call to a
called one of said substations for .coupling said prese-
lected. trunk to said called line and called line:termina-
tion, and means at said remote switching means for there-
after transmitting the identity of said preselected. trunk
to said office for comparison with the trunk actuaily con-
nected to said line termination at said office.

12. A telephone . line. concentrator system including
a telephone central office, a plurality of remote substa-
tion lines, a plurality of trunks extending from said office,
4 Temote unit, remote switching means at said remote
unit for coupling said lines to said trunks under control
of said office, a plurality of line terminations at said office
individual to said lines, means at said office and at, said
1eans effective on a calling condition at
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one of said lines for coupling a preselected trunk to said
line at said remote switching means and to said respec-
tive termination at said office to complete a path be-
tween said line and said office, and means effective after
the completion of said path for transmitting from said
central office to said remote unit the identity of said trunk
coupled to said line termination at said office for verifica-
tion comparison with the identity of said trunk coupled
to said line at said remote switching meaans.

13. A universal telephone line concentrator system
including a telephone central office, a plurality of remote
substation lines, a plurality of trunks extending from
said office, remote switching means for coupling said lines
to said trunks under control of said office, a plurality of
line terminations individual to said lines at said office,
trunk identity checking means at said remote switching
means including a trunk check relay, means effective on a
calling condition at one of said lines for completing a con-
nection over a preselected trunk at said remote switch-
ing means and at said office between said calling line and
said calling line termination, means at said office effective
subsequent to the completion of said connection for trans-
mitting said preselected trunk identity to said remote
switching means, and means including said trunk check
relay means for comparing the transmitted identity of said
trunk with the identity of said trunk actually connected
at said remote switching means.

14. A data set concentrator system including a tele-
phone central office, a plurality of remote data lines,
a plurality of trunks extending from said office, a remote
unit, remote switching means at said remote unit for cou-
pling said lines to said trunks under control of said office,
a plurality of line terminations individual to said lines
at said office, said remote switching means including a
plurality of wvertical and horizontal conductive paths,
means for connecting said lines to said vertical paths,
means for connecting said trunks to said horizontal paths,
signaling means at said remote unit and at said office
for transmitting control signals therebetween, said sig-
naling means including shift register means, receiving
means and transmitting means, means at said office effec-
tive in response to an originating call at one of said lines
for coupling said line to said corresponding line termi-
nation over a preselected idle trunk, additional means
at said office for thereafter storing the identity of said
preselected trunk in said shift register means at said office,
additional means for actuating said shift register means
to control said transmitting means at said office to trans-
mit said identity to said receiving means at said remote
unit, and means at said remote unit responsive to the
reception of said identity in said receiving means for
storing said identity in said shift register means at said

remote unit. '
15. A data set concentrator system in accordance with

claim 14 including in addition trunk register means at
said remote unit, means for transferring said trunk iden-
tity from said shift register to said trunk register means,
trunk check relay means, and comparator means jointly
responstve to the operation of said trunk register means
and to the identity of said preselected trunk actually con-
nected to said data line for operating said trunk check
relay means to verify that said line is connected to the
torrect trunk.

16. A data set concentrator system in accordance with
claim 15 wherein said trunk register means includes a
plurality of relays individual to the tens and units desig-
nations of preselected trunks and - a further plurality
of relays individual to said horizontal conductive paths,
and additional means coupling the contacts of said relays
in circuit with said trunk check relay.

17. A data line concentrator system including a plu-
rality of data lines, a telephone central office, a plurality
of trunks extending from said office, a remote unit, remote
switching means at said remote unit for coupling said
lines to said trunks under control of said office, a plurality
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and means at said office e
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of dine terminations in said office individual to said lines,
said switching means including a plurality of crossbar
switches having horizontal and vertical conductive paths,
means connecting said lines to said vertical conductive
paths, means for coupling said trunks to said horizontal
conductive paths, means for preselecting a predetermined
trunk for utilization on a succeeding originating and termi-
nating connection, means for storing the identity of said
predetermined trunk at said remote unit and at said office,
signaling means at said remote unit and said office in-
cluding electronic shift register means, transmitting means
and receiving means at said remote unit and said office,
means at said office effective on a terminating call to a
called one.of said lines for coupling said line to said
corresponding line termination at said office, additional
means effective subsequent to the coupling of said line to
said line termination for effecting the transmission of the
identity of said preselected trunk connected to said line
from said remote unit to said office including means for
storing said preselected trunk identity in said shift rec-

~1ster means, additional means effective in response to said

trunk identity stored in said shift register means for actu-
ating said transmitting means at said remote unit to trans-
mit said identity to said receiving means at said office,
‘ective in response to the re-
ception of said identity by said receivin g means for trans-
ferring said identity to said electronic shift register at
said office.

18. A data line concentrator system in accordance with
claim 17 including in addition trunk check relay means
at said office, comparator means at said office jointly re-
sponstve to the trunk identity stored in said shift register
means and to the trunk identity of said preselected trunk
connected to said line termination for verifying that said
line termination and said preselected trunk are correctly
interconnected.

19. A telephone line concentrator system including a
telephone central office, a plurality of remote substation
lines, a lesser plurality of trunks extending from said
office, remote switching means for coupling said lines to
said trunks under control of said office, signaling means
for transferring control signals between said remote
switching means and said office, a control channel cou-
pling said signaling means, means in said signaling means
for transmitting mark and space frequencies and for main-
taining said space frequency on said channel during inter-
vals between the transmission of control signals, and
means at said central office and said remote switching
means for governing said signaling means to remove said
mark and space frequencies from said control channel
to transmit supervisory indications therebetween.

20. A telephone line concentrator system including a
telephone central office, a plurality of remote substation
lines, a plurality of trunks extending from said office,
remote switching means for coupling said lines to said
trunks under control of said office, signaling means at
sald remote switching means and said office, a control
channel coupling said signaling means, means in said |
signaling means for applying mark and space frequency
signals to said channel to transmit the identities of said
lines and trunks, means at said remote switching means
effective on a calling condition at one of said lines for
governing said signaling means to transmit said calling
line identity over said control channel, control means
responstve to the reception of said line identity for cou-
pling said line to a preselected trunk, and means effective
in response to the release of said control means in said
central office for governing said signaling means to re-
move said mark and space frequency signals from said
channel to indicate the release of said equipment at said
office.

21. A telephone line concentrator system in accord-
ance with claim 20 including in addition means at said
remote switching means responsive to said removal of
said mark and space frequencies for governing said sig-
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naling means at said remote
said mark and space frequencies from
nel. |

22. A telephone line concentrator system in accordance

with claim 21 wherein said conirol channel includes ‘a

‘pair of control trunks. for unidirectional transmission of

mark and space frequency signals ‘between said remotie
switching means and said office.

switching means to remove
said control chan-
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