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United States Patent Office

1

3,283,078
TELEPHONE CALL CHARGE DETERMATION

. SYSTEM
Robert C. Avery, Jackson Heights, N.Y., assignor to Bell

Telephone Laboratories, Incorporated, New York, N.Y.,

a corporation of New York
~ Filed Nov. 5, 1963, Ser. No. 321,598
15 Claims, (Cl. 179—9)

- This invention relates {0 automatic telephone switching
systems and more particularly to arrangements for de-
termining toll call charges in such systems.

- In telephone systems utilizing automatic message ac-
counting, a record is made at a central or toll switching
office of certain items of information pertaining to each
toll call. These items of information may include the
identity of the calling subscriber, the identity of the
called subscriber, the time and date the call connection
is completed, and the time the connection is terminated.
Subsequently these records from a number of switching
offices are taken to an automatic message accounting
center where the various items of information are sorted
and processed to determine the charges for each toll call.
- The charges for the individual toll calls are then collated
and, in conjunction with the other items of information
pertaining therefo, are used in printing the subscriber’s
periodic statement of charges,

This arran gement for determining toll call charges 1is
perfectly suitable in most instances. However, no pro-
vision is made for those call situations in which a deter-
mination of the call charges is desired by an operator or
by the calling party immediately after the call is ter-
minated. This type of service is requested, for example,
with respect to calls originating from hotels and similar
establishments, where the calling party may be obliged to
pay the charges for the call before the normal periodic
statement becomes available to the hotel. Existing
telephone practices provide for routing these calls through
toll operators who manually time and ticket the call and
communicate the charges therefor to the hotel. In auto-
~matic telephone switching systems it is desirable to mini-
mize both the necessity and the time required for such
operator assistance in the handling of calls.
be clearly advantageous, therefore, to provide apparatus
for automatically determining the call charges and for
communicating the charges to the hotel immediately upon
termination of the call. |

Further, automatic determination of toll call charges
would be advantageous with respect to coin phone calls
and with respect to operator-completed toll calls where
the calling party requests the charges.
are presently determined by the operator through refer-
ence to voluminous printed material which is time-con-
suming and often leads to customer annoyance. Auto-
matic determination of toll call charges and display thereof
to the operator would minimize the time required for
operator assistance and would improve the service to the
customer.

- Accordingly, it is a general ob]ect of this invention
‘to provide a new and improved automatic call charge
determination system. |

More particularly, it is an object of this invention to
provide a simple, compact and economical arrangement

for automatically determining charges with respect to an

individual call immediately upon termination of the call.
It is a further object of this invention to provide a
simple, compact and economical arrangement for auto-
matically determining the charges for an individual call
-and for automatically {ransmitting the charges to the call—
ing subscriber or t0 an operator’s posﬂ:mn
Another object of this invention is to provide a call

It would

These charges
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charge determination system requiring a minimum of cir-
{:uitry individual to each trunk circuit, thus minimizing

- the size and cost of the equipment Wthh must be duph-
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cated 1n large quantities.

Yet another object of this invention is to prowde a
call charge determination system utilizing electronic cir-
cuitry which is fast in operation, thereby requiring a mini-
mum amount of common circuitry for handling large
numbers of calls. .

In telephone systems utilizing automatic message ac-
counting, as mentioned above, the call records from a
number of switching offices are periodically taken to an
accounting center where the various recorded items of
information are sorted and processed to determine the
charges for each call. The charge determination at the
accounting center is rather slow and expensive due in
part to the large memory capacity required to provide
for the numerous combinations of calling and called
fices. Accordingly, another object of this invention is

office
to provide a simple and inexpensive arrangement which
may be located at the switching office for automatically
determining the charges for each toll call immediately
upon termination of the call and for recording the charges,
along with the other items of information pertaining to
the call, thereby substantially reducing the memory capac-'
ity and eliminating a considerable part of the processmg
subsequently required at the accounting center.

The above and other objects are attained in an illustra-
tive embodiment of the present invention wherein a simple
register circuit imdividual to each trunk circuit is em-
ployed to register the initial items of information per-
taining to the establishment of a single toll call connec-
tion, such information including the identities of the
calling and called subscribers and the time and date the
connection is established. The time and date informa-
tion 1s provided by a clock circuit common to a plurality
of trunk circuits. These initial items of information re-
main registered in the trunk register circuit for the dura-
tion of the call connection; and upon termination of the
connection, the information is transferred to common
buffer register circuitry, thus releasing the trunk circuit
for subsequent calls. The time and date of termination

 of the call is directly registered in the buffer register

45

50

99

60

65

70

circuit by the clock circuit. The contents of the buffer
register are applied to a charge translator or computer
circuit which determines the charges for the call and
registers the charges in the buffer register circuit along
with the other information pertaining to the call.
Steering circuitry associated with the buffer register
circuit transfers the information therein to the appropriate
output circuifry in accordance with the class of service
of the call. If the call is from a hotel or similar establish-
ment, the information including the call charges is directed
to circuitry for transmitting it to the hotel. If the call is

- operator-served, the information including the charges is

directed to display circuitry at the operator’s position In
any event, the information in the buffer register is also
directed to recorder circuitry for producing a permanent
and complete record of the individual call connection
which is utilized subsequently in making up the calling
subscriber’s periodic statement of charges.

In accordance with an aspect of the present invention
the register circuitry employed individual to each trunk
circuit and in the buffer register circuitry utilizes inexpen-
sive breakdown gas diodes, such as neon tubes, for binary
registration of the information pertaining to a call. The
trunk registers and the buffer regjlster and computer cir-
cuitry are interconnected in parallel via common informa-
tion transfer busses. Actuator electrodes positioned ad-
jacent the gas diodes of each reglster are selectively ener-
gized to select the respective register in which information.
pertaining to a call is to be registered.
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In addition to the advantageous determination and
transmission of the call charges to a calling subscriber
such as a hotel or to an operator’s position immediately
upon termination -of the call, the present circuit arrange-
ment is sufficiently simple, compact and inexpensive to per-
mit installation ‘and use advantageously at local and toll
switching centers. The equipment which must be dup-
licated for each trunk circuit is reduced to the bare mini-
mum. inasmuch as each trunk circuit requires individual
. thereto only a simple register circuit of sufficient capacity
to register the items of information pertaining to the es-
~ tablishment of a single call. Register capacity for sub-
sequent items of information pertaining to the call 1s not
duplicated in each of the plurality of trunk circuits, but
rather is provided in buffer register circuitry which is
common to the plurality of trunk circuits. Each of the
trunk circuits is selectively interconnected via a common
‘bus arrangemeént with the clock circuit, the buft
and computer circnitry, and the output circuitry, all of
which is common to the plurality of trunk circuits. The
common clock circuit eliminates any requirement for tims-
ing circuitry individual to each trunk circuit. Moreover,
the buffer register and computer circuitry requirements
‘are minimized inasmuch as this common circuitry is
seized only once for each call connection, that is, only
upon termination of the call connection, and remains
- seized only until the charge for the call Ihas been provided

- by the computer and the call information transferred to

the output circuitry.
- Further, by producing a complete record- of each call

~ connection at the switching center, the present circuit ar-

N rangement advantageously eliminates a considerable por-
tion of the processing subsequently required at the ac-

counting centers to make up the periodic statements of

charges. The processing at the accounting center is re-
 duced essentially to collating the individual call connec-
‘tion records by calling subscriber and to printing the re-
sultant statement of charges for each subscriber.

er register

Con-
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sequently, the equipment and the memory capacity re-

quired . at the accounting center is substantially reduced,
- as is the time and expense involved in the preparation of
the periodic statements of charges.

These and other objects and features of this invention

may be better understood upon consideration of the fol-
10w1ng detailed . descnptlon and the accompanying draw-
ing in which:

FIGS. 1 and 2, when FIGS 1 is arranged to the left of
FIG. 2, comprise a block diagram representation of a call
“charge determination system in accordance with the prin-
ciples of the present mventlen,

FIGS. 3 through 18 comprise a schematic dlagram of

a specific illustrative embodiment of the present inven-

tton; and
- FIG. 19 shows the arrangement of FIGS. 3 thmugh 18.

GENERAL DESCRIPTION o
The illustrative embodiment of the present invention is

45

o0

4 |
appears on one of a plurality of trunk link frames. Thus,
in FIG. 1 subscriber substation 100 is connected via sub-
scriber line 101 to line link frame 110, and originating
register 123 and uppermost trunk circuit 130 are con-

- nected to trunk link frame 120. The control eqmpment

including marker 125 and senders 150, is utilized in com-
mon to set up the various connections necessary to estab-
lish a call connection. Briefly the operation of the switch- -
mg system in establishing an:illustrative call connection
is as follows: When subscriber substation 100 goes off
hook, marker 125 is engaged vie connector 112 to connect
callmg subscriber line 101 temporarily to an idle originat-
ing register 123 through line link frame 110 and trunk
link frame 120, after which marker 125 is released. ' When
the necessary mformatlen designating the called subscriber
has been dialed at subscriber substation 100 and registered.
in originating register 123 along with information deSIg-_-
nating the calling subscriber and the class of service,.a
marker (here assumed to be marker 125) is again en-
gaged and receives the information registered in registers |
123.  Assuming the call is to a subscriber located in -an
office outside the calling subscriber’s office, marker 125
recognizes this from the information dialed and proceeds
to connect calling line 161 through line link frame 110
and trunk link frame 120 to an appropriate outgemg
trunk circuit, such as uppermost trunk circuit 130 in FIG.
1 of the drawing. Marker 125 also, via connector 127,
seizes an idle one of senders 150 and connects it to trunk
circuit 13@ ‘through sender link 135. The information
registered in marker 125 is then transferred to sender 150.
Marker 125 is released and sender 150 operates to trans-
mit the information in the form of pulses via trunk cir-
cuit 130 toward the terminating office in which the called
subscriber is located. Upon receipt of the information,
the common control equipment. at thé terminating office
tests the called line and, assuming it is found to be idle,
seizes it for the call. When the call is answered by the
called subscriber a superwsery relay is energized in trunk

circuit 130 which remains energized until the call con-

nection is released or terminated by one of the partles
In accordance with the present call charge determina-
tion system, an individual trunk register circuit 131 is-
associated with each trunk circuit 130 to register certain
items of information pertaining to the establishment of a
toll call connection. Each trunk register circuit 131 is
connected to a common initial entry bus IEB and to a
common answer entry bus AEB.. Each sender 150 is also
connected to initial entry bus IEB. Trunk register cir-
cuits 131 and senders 150 are interconnected via pref-
erence circuitry (not shown in FIG. 1) such that only a
single trunk register circuit 131 and a single sender 150
can gain access to initial entry bus IEB at one time, and.

~ such that only one trunk register circuit 131 can gain

09

depicted 1n a telephone system of the crossbar type gen-

erally represented in block diagram form in FIGS. 1 and 2
of the drawing. - In FIG. 1, for example, the various tele-

phone circuits comprising subscriber substation 100, line

link frame 110 trunk link frame 120, originating register
123, marker 125, trunk circuits 130 and senders 150 are;
in general, similar to the corresponding circuits disclosed
i A. J. Busch Patent 2,585,904, issued February 19, 1952.

The trunk. circuits and senders are modified slightly in

the present invention to include circuitry for controlling

- the registration of certain items of information pertaining

to each call, as will be described in detail hereinbelow.
The present invenfion is not, however, limited in its ap-
plication to the particular telephone system shown but is
generally applicable to all antomatic telephone systems.

60

65

70

As set forth in the above-identified Busch patent, every_. |

subscriber line appears on one of a plurality of line link
frames and every trunk circuit.and originating register

75

access to answer entry bus AEB at one time.
During the establishment of the illustrative call con-
nection described briefly above, information deSIgnatmg-

the called and calling subsenbers and the class of service

of the call is transf_erred by marker 125 to one of senders
- 15¢. Senders 150 are each modified, as will be described

in detail below, to include circuitry for providing this
information to inifial entry bus IEB. Trunk register. cir-
cuit 131, associated with trunk circuit 130 selected by
marker 125 for completion of the call connection, is
enabled fo receive and register the information provided
on initial entry bus IEB by sender 150. All other trunk
register circuits connected to bus IEB, associated with non~
selected trunk circuits, remain d1sabled and do not register
the information frem sender 150 for the particular call
in progress. When this initial information pertaining to
the call has been registered by trunk register circuit 131,
initial entry bus IEB is released for use on calls over
other trunk circuits. / :
As mentioned above, sender 150 pulses the call informa-
tion to the terminating office over trunk circuit 130 and,
if the called line is idle, it is seized for the call. When
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the called subscriber answers, a supervisory relay in
trunk circuit 130 (not shown in FIG. 1) is energized and
remains energized until one of the parties terminates the
call connection. Energization of the supervisory relay
provides an answer signal on bus AD to clock circuit
220; and, conversely, release of the supervisory relay pro-
vides a disconnect signal on bus AD. Clock circuit 220
includes clock 221 for continuously providing a digital
indication of the time and date, which indication is selec-
tively directed over bus AE to answer entry bus AEB or
over bus DE to disconnect entry bus DEB in accordance
with respective answer or disconnect signals on bus AD
from one of the plurality of trunk circuits 130. Thus
when the called subscriber answers, the answer signal on
bus AD to clock circuit 220 directs a digital indication
over bus AE to answer entry bus AEB of the time and
date of completion of the call connection. Trunk register
circuit 131 is enabled by trunk circuit 130 to register the
answer time and date information appearing on bus AEB.

The times of information thus registered in trunk reg-
ister circuit 131 designate the calling and called sub-
scribers, indicate the class of service of the call, and in-
clude the time and date of completion of the call con-
nection. This initial and answer information remains
registered in trunk register circuit 131 for the duration

10

15

25

~ of the call over associated trunk circuit 130. No addi-

tional information pertaining to the call is registered in
trunk register circuit 134.. = -~

When one of the parties releases the call connection,
1t is desirable to release trumk circuit 130 and its asso-
ciated register 131 as soon as possible for use on future
. calls. Accordingly, buffer register circuitry is employed
comprising a plurality of buffer and steering circuits 230,
each including an individual buffer register 231, to tem-
porarily register the call information until the charge
for the call is determined and the information is trans-
- ferred to output circuitry. Buffer and steering circuits
230 are connected in common to initial entry bus IEBI,
answer entry bus AEBI, disconnect entry bus DEB and
‘charge entry bus CEB. Buffer and steering circuits 230
are interconnected via preference circuitry (not shown
in FIG. 2) such that only a single buffer register 231
can gain access to individual ones of busses IEB1, AEB1,
DEB and CEB at the same time. - |

Thus in accordance with the present invention, when
the supervisory relay in trunk circuit 130 releases to
indicate release of the call connection, the initial and
answer information registered in trunk register 131 is
read out in parallel on initial entry bus IEB and answer
entry bus AEB. Transfer connector circuit 200 is enabled
to connect busses IEB and AEB with busses TEB1 and
AEBI, respectively. At the same time, trunk circuit 130
provides a disconnect signal on bus AD to clock. circuit
220, thereby directing an indication on bus DE to dis-
connect enfry bus DEB of the time and date of termi-
nation of the call connection. An idle one of buffer regis-
ters 231 1s enabled to register the information on busses
IEB1, AEBI1, and DEB, whereupon trunk circuit 130
and register 131 are released and restored to their idle
condition for handling subsequent toll call connections.

It will be recalled that incident to the establishment
of a call connection the designation of the calling sub-
scriber is provided by marker 125 to sender 150, which
in turn provides it along with the other initial items of
information over bus IEB to trunk register 131. A sub-
scriber line is normally designated by an equipment
number specifying its line link frame location, which
designation has no fixed relationship to the subscriber’s
directory number. The subscriber’s directory number is,
however, required for billing purposes. In certain switch-
ing offices arranged for automatic message accounting,
the calling subscriber’s equipment number is translated
info the corresponding directory number; and the latter
designation is registered in sender 158 during the estab-
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number designation for the calling subscriber which is
registered with the initial items of information in trunk
register circuit 131, and which is subsequently transferred
via transfer connector circuit 200 to buffer register 231.
In switching offices where the equipment number, rather
than the directory number, is registered in sender 150
during establishment of the call connection, and thus in
trunk register circuit 131, translator 202 is provided in
transfer connector circuit 200 to convert the equipment
number into the directory number of the calling sub-
scriber during subsequent transfer of the information
from trunk register 131 to buffer register 231. Thus, in
either instance, the information appearing on busses
IEB1, AEB1 and DEB and which is registered in buffer
register 231 includes the directory numbers of both the
calling and the called subscribers, the time and date of
completion of the call connection therebetween, and the
time and date of termination of the call connection.
Assuming charge computer 250 to be idle, the initial
answer and disconnect information registered in buffer
register 231 is nondestructively read out by buffer and
steering circuit 2390 on busses IEB1, AEB1 and DEB and
applied to charge computer 250. Responsive to the call
information on busses IEB1, AEB1-and DEB, charge
computer 250 computes the charges for the call provides
an indication thereof on charge entry bus CEB for regis-
tration in buffer register 231. Upon registration of the
charge information, buffer and steering circuit 230 trans-
fers this along with the other information registered in
buffer register 231 over busses IEB1, AEB1, DEB and
CEB, via output connector circuit 260 to the appropriate
output circuits in accordance with the class of service
of the call. If the call is from a hotel or similar estab-
lishment, the information including the call charges is
directed by output connector circuit 260 to charge com-
munication transmitting equipment 270 for transmission
to charge communication receiving equipment 107 at the
hotel. Transmitting equipment 270 and receiving equip-
ment 107 may, for example, advantageously comprise
teletypewriter equipment for this purpose. |
If the call is operator-served, the information is directed
by output connector circuit 260 to operator position cir-
cuit 280. There the charges for the call and the neces-
sary information for identifying the calling subscriber
and called subscriber are displayed to the operator han-
dling the call, who may then relate the charges to the
calling subscriber. a
In any event, output connector circuit 260 also directs
the information to recorder 290 for producing a com-
plete and permanent record of the individual toll call
connection. For example, recorder 290 may comprise
known apparatus for producing a magnetic tape record
thereof. This record is utilized subsequently in making
up t]Ele calling subscriber’s periodic statement of charges.
In accordance with the present invention, all of the in-
fonqatmn pertaining to an individual call is recorded
contiguously on the tape, and thus the subsequent process-
mg 1is reduced essentially to collating the call records by
calling subscriber’s directory numbers, adding the charges
and printing the billing statement. -
Each of information busses IEB, AEB, IEB1, AEBL1,
DEB and CEB is connected via a respective one of check
busses IET, AET, IET1, AET1, DET and CET to check .
circuit 210 and therethrough to trouble recorder 215.
Any information appearing on the information busses is
thus applied to check circuit 210 and trouble recorder 215.
If an error is detected in the information pertaining to
a call, check circuit 210 initiates a trouble release of the
call charge determination system to preclude erroneous
charges on the call and initiates operation of trouble
recorder 215 to record the cal] information. Each trunk
circuit 130, each sender 150, and each buffer and steering
circuit 230 is connected via a respective one of common
identification busses TN, SN and BN through check

lishment of the call. Consequently, it is this directory 75 circuit 210 to trouble recorder 215. In the event that a
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trouble record is made on a call, the identities of the
trunk, sender, and buffer and steering circuits involved -

are pmwded over the respective identification busses for
inclusion in the trouble record for maintenance pUrposes.
In brief summary, therefore, a simple register individ-

b

ual to each trunk circuit registers the items of information,
including the time, pertaining to the establishment of
a toll call connection over the trunk; upon release of the .

‘call connection, these items of information are trans-
ferred to a buffer register, along with the time of release;.

10

the information registered in the buffer register is applied
to a computer circuit which computes the call charges .

therefrom and registers the charges in the buifer register;

and all of the call information, inclusive of charges, 1s

provided to recording circuitry and to output circuitry

15

for communication to the calling subscriber or to an

tion of a specific illustrative embodiment in accordance

A more complete and comprehensive descrip-

with the principles of the present invention will be found

hereinbelow in the detailed description of the schematic
diagram deplcted in FIGS. 3 through 18, when arranﬂed

- as shown in F1G. 19.
' ~ DETAILED DESCRIPTION
In the specific embodiment set forth in FIGS. 3 through

20

18, the number preceding the functional demgnatwn of
each of the various elements indicates the figure in which .

 the particular element is located, or indicates one of the

figures arbitrarily where the element extends over several

figures. The relay circuitry is shown in well-known de-

tached contact form to permit greater elarity and to facili-
tate description, a relay coil being represented by a block,

30

a make contact being represented by a pair of short lines .
" intersecting on a conductor, and a break contact being

represented by a single short line perpendicularly inter-
The relay coils are designated in a

secting a conductor,

35 -

manner similar to the other elements in FIGS. 3 through =~
18. Each relay contact is designated by the designation -

of its controlling relay coil and, addltlenally, by a num-

ber individual to the contact.
Important objects of the present invention relate to

the provision of call charge determination  apparatus
‘which is simple, compact and economical to manufacture

and to maintain. These objects are attained in the illus-

~ trative embodiment through the use of circuitry employ- - |

ing four-layer semiconductor switches and breakdown
gas diodes.
well-known neon diode gas tube type.

by ionization of the gas therein. Once the diode has
broken down, a voltage somewhat less than the threshold
voltage will sustain the conductive path through the
diode. When the voltage across the electrodes of the

diode falls below the sustaining voltage, the diode ceases

to conduct. -

Several types of semiconductor-switches are employed
in the illustrative embodiment, differing 1n the polarlty
- of gating potential required for switching and in their
“locking” characteristics.

Itlustratively, the gas diodes may be of the
A characteristic
- of such neon diodes is that a minimum threshold voltage
must be applied across the electrodes of the diode before
the diode will break down to provide a conductive path

40
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the respective resistor connected thereacross.

8

acterstics. . Switch 3ARL is illustrative -of this type of
switch, which is indicated in the drawmg by a shaded
anode electrode.

The several semmonduetor switches employed in the
illustrative embodiment each have a respective resistor.
connected between the gate electrode and either the anode
or the cathode electrode of the switch. For example,
resistor 312 is connected between the gate electrode and

- the cathode electrode of switch 3ARL1, and resistor 303
1is connected between the gate elecirode and the anode

electrode of switch 3AES. The resistor is not essential
to the operation of the respective switch, but at prevents
false operation thereof by maintaining a fixed potenial

~ relationship between the gate electrode and the other elect-

rode of the switch to which the resistor is connected Thus
parallel paths are defined for the gating current for each
switch, one through the switch inself and the other through
- However,
for the purposes of facilitating the description of switching
operation hereinbelow, the gating path will be traced
through the resistor, the parallel path through the re-

~spective switch for effecting its operation bemg readily

apparent in each instance. -
The embodiment shown in FIGS. 3 threugh 18 basic-

3TCn and associated trunk register circuits 4TR1 through
4TRn, a plurality of senders 7SD1 through 7SDm, clock
circuit 5CC, transfer connector circuit 5TRC, charge |
computer 7CGC, a plurahty of buffer registers 10BR1
through 16BRL and buffer and" steering circuits 12BS1
through 12BSk, check and trouble recording  circuits

~ (FIGS. 13 and 17), recorder, position and commaunica-

tion output circuits (FIGS. 14, 15 and 18), and pref-:
erence circuits (FIGS. 8 and 16). These circuits, with-
the exception of the preferenee circuits, are shown in the
block diagram embodiment of FIGS. 1 and 2 and have_
rbeen dlseussed generally above. |

Pre ference czrcmrs
The preferenee circuits shown in FIGS. 8 and 16 com-

prise preference controller 8PC and eight branch pref-

erence circults—initial entry preference circuit' 8IEP,

~answer entry preference circuit 8AEP, disconnect entry

preference circuit S8DEP, buffer and steering preference:
circuit 16BSP, charge computer preference circuit 16CCP,

- recorder preference circuit 16RP, position peference cir-

o0

05

60

Ilustrative of the positive gate

type of switch is switch 3ARL1 in which a low impedance

- conducting path 1s provided between anode electrode a
and cathode electrode ¢ thereof when the potential ap-
plied to gate electrode b is more positive than the po-
tential applied to cathode electrode ¢. Illustrative of the
negative gate type of switch is switch 3AES in which a

65

low impedance conducting path is provided between the -

anode and cathode electrodes thereof when the potential

‘applied to gate electrode b is more negative than the
- potential applied to anode electrode a. Certain of the

switches employed continue to provide a low impedance

conducting path after the gate potential i1s removed and

until the signal applied across the anode and cathode:

electrodes i1s removed; 1.e., they have “locking” char-

75

cuit 16PP, and charge communication preference circuit
16TSP.  All of the branch preference circuits, except
buffer and steering preference circuit 16BSP, are con-
trolled by preference controller 8PC. These - circuits
provide preference and lockout functions for the various

information transfer operations over the common busses
IEB, AEB, IEB1, AEB1, DEB and CEB. N

The seven branch preference circuits controlled by

preference controller 8PC each comprise a respective

master preference breakdown diode and a plurality of
individual preference breakdown diodes mdmdually as-
sociated with the terminal circuits receiving preference
from the particular preference circuit. One electrode of
the master diode of each of these preference circuits is
connected in common over lead MP to positive potential
source 805 in preference controller 8PC. The structure
and operation of each of these preference circuits is.
similar and may be understood from.a consideration of
initial entry preference circuit 8IEP, by way of example.

In initial entry preference circuit 8IEP one. electrode of
each of individual preference diodes 8IP1 through 8IPm
is connected via a respective one of leads IP1 through
IPm to an associated one of senders 7SD1 through 7SDm.
The other electrode of each of preference diodes 8IP1
through 8IPm is connected in common to one electrode
of master initial entry preference diode 8CIP, the other:
electrode of which is connected to lead MP. When
preference .1s desired by one of senders 7SD1 through
75Dm a negative potential is applied on its respective one

ally comprises a plurality of trunk circuits 3TC1 through
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of leads IP1 through IPm. This potential, combined with
the potential from preference controller SPC on lead MP,
is of sufficient magnitude to break down master diode
S8CIP and the individual one of preference dicdes 8IP1
through 81Pm associated with the sender requesting pref-
erence. A conducting path is thus provided therethrough.
- Subsequent requests for preference by other branch pref-
erence circuits will be denied because the potential on lead
MP 1s reduced sufficiently by the conducting path through
~diode 8CIP to prevent breakdown of the other master
diodes connected to lead MP. Similarly, the other senders
connected to initial entry preference circuit 8IEP are
locked out by the conduction through the preference diode
. 8IP1 through 8IPm associated with the sender first re-
questing preference. - |

- Buffer and steering preference circuit 16BSP is similar
in operation to the seven branch preference circuits, except
that it is independent of preference controller 8PC. There
1s thus no requirement in preference circuit 16BSP for
a master preference diode, but rather only for a plurality
of preference diodes 16BP1 through 16BP% individually
- associated with the plurality of buffer and steering circuits

-12BS1 through 12BSk. The common electrode connec-
tion of preference diodes 16BP1 through 16BPk is to
source of potential 1605. Preference request potential
applied to one of leads BP1 through BP% from one of
- buffer and steering circuits 12BS1 through 12BSk effects
the breakdown of the associated one of preference diodes
16BS1 through 16BPL, the resultant conduction there-
through reducing the potential applied to the common
electrode connection of the other preference diodes suf-
ficiently to prevent their being broken down by subsequent
- preference requests from the other buffer and steering
circuits. | | o

Trunk registers and buffer registers

Breakdown gas diodes, advantageously of the neon
tube type, are also employed in trunk registers 4TR1
through 4TRr and in buffer registers 10BR1 through
- 10BRk. As is known in the prior art, if a potential dif-

ference is applied across the electrodes of a gas diode,

which potential difference is insufficient to initiate break-
down of the diode, a breakdown of the diode may be
initiated by concurrently applying suitable potential con-
ditions to a conductive electrode adjacent to but outside
the diode. Such potential conditions on the external
electrode adjacent the gas diode create a sufficiently high
potential gradient within the diode, in combination with
the potential difference across the internal electrodes there-
of, to initiate breakdown which provides a conductive
path between the internal electrodes of the diode, which
path may be maintained thereafter by a sustaining poten-
tial difference applied across the electrodes of the diode.

Each of trunk registers 4TR1 through 4TRn in the
illustrative embodiment comprises a plurality of gas diodes
425 and 426, one electrode of each diode being connected
through a respective resistor 410, lead 420, contact 3
of relay 3TON and common resistor 421 to ground.
Relay 3TON, and thus contact 3 thereof, is operated when
the associated trunk circuit is seized for a call. The
other electrode of each diode 425 and 426 is connected
to a respective one of the leads of busses IEB and AEB.
- The leads of busses IEB and AEB are each connected

|
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through resistors 403 and diodes 404 to source of sustain~-

ing potential 405. Each of the leads of busses IEB and
AEB is also connected through a respective one of block-
ing capacitors 580 and 980 to a respective read detector
switch SRD or 9RD. An individual external actuator
electrode 450 situated adjacent gas diodes 425 and 426
of each trunk register is connected at one end through
resistor 451 to ground and is connected at the other end
via one of trunk actuator leads TRB1 through TRB# to
the respective one of trunk circuits 3TC1 through 3TCn
associated with the trunk register. |
- Information to be stored in one of trunk registers
4TR1 through 4TRn appears in the form of pulses on

65
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the leads of busses IEB and AEB, as will be described
in detail below. Illustratively, the presence of a pulse
on a lead corresponds to a bit of information of one
binary character, and the absence of a pulse on the lead
corresponds to a bit of information of the other binary
character. The trunk register in which the information
is to be registered has its actuator electrode 450 energized
by a potential signal from the associated trunk circuit.
The information pulses on the leads of busses IEB and
AEB are of insufficient potential to break down diodes
425 and 426 in all of the trunk registers except in the
one trunk register in which the actuator electrode ad-
jJacent the diodes thereof is concurrently energized. In
this manner the information is selectively registered in
only one of trunk registers 4TR1 through 4TRn. Diodes
425 and 426 that are thus broken down to conduct are
maintained conducting by source of sustaining potential
405 connected to the leads of busses IEB and AEB.

Information thus stored in a trunk register is read out
nondestructively on the leads of busses TEB and AEB
by an interrogation pulse applied via lead 420 to each of
diodes 425 and 426 in the trunk register. The interroga-
tion pulse is provided by the associated trunk circuit over
the respective one of pulsing lead TPO1 through TPOn
to lead 420, and it is passed through only those diodes
425 and 426 of the trunk register which have been pre-
viously broken down to provide a conductive path. The
pulse is thus reflected through the conducting diodes to
corresponding leads of busses IEB and AEB and thence
through capacitors 580 and 986 to read detector switches
SRD and 9RD, respectively connected thereto. Read
detector switches SRD and 9RD to which the interroga-
tion pulse is applied are switched to a conducting state.
In this manner the information stored in any one of
trunk registers' 4IR1 through 4TRn is selectively reg-
istered on read detector switches SRD and 9RD. Capaci-
tors 580 and 98¢ permit passage of interrogation pulses
on the leads of busses IEB and AEB to operate switches
SRD and 9RD, and they prevent false operation of these
switches from direct current. | -

Information stored in a trunk register is erased, such
as upon termination of a call connection over the asso-
ciated trunk circuit, by interruption of the sustaining po-

‘tential for the diodes in the trunk register. The path for

the sustaining potential, it will be recalled, extends from
source 405 through diodes 404, resistors 403, busses IEB
and AEB, gas diodes 425 and 426, resistors 410, operated
contact 3 of relay 3TON, and resistor 421 to ground.
When the call connection over the associated trunk circuit
is terminated, relay 3TON therein is released, releasing
contact 3 in the trunk register to interrupt the sustaining
path. All of gas diodes 425 and 426 in the particular
trunk register are thus placed in a nonconducting state
ready to register information pertaining to a subsequent
call.

Buffer registers 16BR1 through 16BR% are similar to
trunk registers 4TR1 through 4TRn, except that the gas
diodes therein are divided into two groups. One group
of gas diodes, diodes 1025, are connected to the leads of
busses IEB1, AEB1 and DEB; and the other group, diodes
1026, are connected to the leads of charge entry bus CEB.
Separate actuator electrodes 1055 and 1056 are pro-
vided for diodes 1625 and 1026, respectively, for the
storage of information therein. Source of sustaining pO-
tential 1005 is connected to one electrode of each of
diodes 1025 and 1026, the other electrode of which is
connected to ground. Information is nondestructively
read out of diodes 1025 by interrogation pulses or Te-
spective ones of leads BPO1 through BPOL, and is
nondestructively read out of diodes 1026 by interroga-
tton pulses on leads BPO11 through BPO1k. Frasure of
the information stored in a buffer register is effected by
an erase signal on the respective one of leads ER1 through
ERk, which erase signal reduces the potential across the
electrodes of diodes 1025 and 1026 to a value below the
sustaining potential thereof.
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A detailed descnptlen of the operation of the illus-
trative embodiment of the present invention shown 1n
FIGS. 3 through 18, arranged in accordance with FI1G.

19, will now be cen51dered Assume that a toll call has

placed from a hotel or similar establishment for which

Jui)

a charge determination is to be made and communicated

to the hotel 1mmedlately upon termination of the call.
In the manner set forth in the above-identified Busch pat-
ent, the common control eqmpment at the sw1tchmg 0
to Wthh the calling line is connected seizes an appro-

iice

12

the call over trunk circuit 3TC1.:  The swnal on lead TC
is applied through resistor 336 to one end of resistor 337,
the other end of which is connected to source of poten-
tial 335. The potential difference across resistor 337
switches trunk register switch 3TBR to a conductmﬂ-
state, thereby completing a path from source 335 over
lead TRB1 to actuator electrode 450 situated adjacent

" gas diodes 425 in trunk register 4TR1 and  through re-

10

‘priate idle sender and outgoing trunk circuit, for example -
sender 7SD1 and trunk circuit 3TC1. Sender link circuit

3SLK operates fo interconnect sender 7SD1 and trunk

circuit 3TC1. Relay 3TON is operated upon seizure
of trunk circuit 3TC1, closing contacts 1, 2, and 3 thereof.

~ Assume further that the initial call mformatlon designat-

ing the calling and called subscribers and the class of

service of the call has been transferred to sender 7SD1

and reglstered on the digit register relays 7SR thereof
(not shown in FIG. 7), operatmg certain of digit reg-

- ister contacts 1 through N in accordance therewith. Each
of contacts 1 through N corresponds to a bit of informa-

tion, of one binary character if the contact is operated and
of the other binary character if the contact is uneperated

Sender 7SD1 then proceeds in the manner set forth in

the Busch patent to pulse this information to the termi-
nating office via sender link 3SLK and trunk circuit 3TCI.

The common control equipment and the sender and trunk

20

circuit apparatus for performing these functions are shown

and described in the Busch patent and. ferms no part of

the present invention.

Inmal emry in tr unk reg:srer

Upon registration of the initial items ef mfermatlor.l_

on contacts ‘1 through N of digit register relays 7SR,
initial entry trequest relay 7IER is energized to initiate

transfer of this information over initial entry bus IEB

to trunk register 4TR1.- This transfer advantageously
occurs concurrently with the pulsing by sender 7SD1 of -
the information over trunk circuit 3TC1 to the terminat-
'As mentioned above, sender 7SD1 is con-

ing - office.
nected via lead IP1 to an individual preference diode 8IP1

in initial entry rpreference circuit 8IEP. When relay
7IER in sender 7SD1 is energized, a path is completed
negative potential from source 701 through
resistor 702, operated contact 1 of relay 7IER, Tesistor.

to extend

703 and dlede 764, over lead IP1 to preference diode

20
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character. .

sistor 451 to ground potential. |

The potential signal on lead 720 is also applied through -
resistor 731 to one end of resistor 732, the other end
of which is connected to source of potential 735. = Initial
entry pulsing switch 7IPO switches to a cenduetmg state
switches trunk reﬂlster switch- 3TRB to a conducting

5 to conmect source 735 to pulse generator 7PG. Respon-

sive -thereto, pulse generator 7PG applies a pesuwe poO-
tential over lead 739 to each of digit register contacts 1

through N of digit reglster relays 7SR. These contacts

are individually operated in accordance with the informa-
tion registered thercon from the marker.
from pulse generator 7PG on lead 739 is thus extended
through the operated contacts of digit register relays 7SR -
through diodes 763 over corresponding Jeads of bus IPO1
to the leads of initial entry | bus IEB. Each of the leads

~of initial entry bus IEB is connected to one electrode of
a respeetwe one of diodes 425, the other electrode of

which is connected through a resistor 419, over lead 420,
operated contact 3 of relay 3TON and resistor 421 to
ground. Accerdmgly, when switch. 7IPO is operated in
the manner described above, the information registered

on digit register relays 7SR of sender 7SD1 is reflected

on the corresponding leads of bus IEB in the form of
positive potential pulses representing bits of one binary -

and the potential from source 335 on actuator electrode -

450 is sufficient to break down dicde 425 connected to
~ that lead and situated adjacent electrode 450. The pulse
is not, however, sufficient to break down any diode 4235 -
_cennected to the bus 'lead which is not situated ad]acent |

the energized actuator electrode; that is, diodes 425 in the
other trunk registers. In this manner the initial entry
information provided “by sender 7SD1 ‘on the leads of

initial entry bus IEB 1is selectively registered in trumk

register 4TR1, and it is maintained registered therein
by source of sustaining potential 405 connected through
diodes 404 -and :reswtors 403 to each of the leads of

- bus IEB.

8IP1. Positive potential is applied by source 805 from

preference controller 8PC over lead MP to master initial
entry preference diode 8CIP. Assuming that no other

senders connected to preference circuit 81EP have re-

50

The pulse provided by pulse generator 7PG on- lead
730 is also applied over lJead 733 to terminal 750. Ter-
minal 750 is connected to one or more of terminals 751,

~ and thus to corresponding leads of sender identification

ceived preference and further that no other branch pref-

erence circuits connected to apreferenee controller 8PC
have received preference (that is, none of individual pref-
erence diodes 8IP1 throuch 8IPm and none of master
preference diodes 8CAP, 8CDP, 16CSP, 16CRP, 16CPP
and 16CCPD are conducting), the potential difference
across diodes 8IP1 and 8CIP is sufficient to break down

these diodes to provide a conducting path therethrough be-

tween leads MP and IP1. The consequent reduction in
potential on lead MP, due to resistor 801, locks out the
other branch preference circuits connected to lead MP
and, also, locks out the other senders connected to initial
entry preference circuit S8IEP. Diodes 8IP1 and 8CIP
continue to conduct until the potential thereacross is re-
moved or reduced below the sustaining petential of the
diodes.

The current flow in lead IP1 upon breakdown of diode
8IP1, indicating preference to sender 75D1, produces a
potential difference across resistor 703 to switch initial
entry switch 7IES to a conducting state. The signal on

lead IP1 is thus extended through switch 7IES over lead

720 ‘and lead TC to trunk circuit 3TC1, directimg

trunk circuit 3TC1 to enable associated trunk register

4TR1 for receiving initial entry information pertaining to

09
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bus SN, in an arbitrary pattern particularly identifying
sender 7SD1. The pulse on lead 733 is thus extended via
the connections between terminals 750 and 751 over a
particular combination of the leads of bus SN to trouble
recorder register 17TRR. . If a trouble record is required
for the call, as described her-einbe‘l-ow, the identity of the
sender serving the call is thus included in the record.:
Breakdown of master preference diode 8CIP upon
seizure of the system by initial entry preference circuit
S8IEP is detected by initial entry preference switch 8MIP
to provide a control signal on lead IC to initial entry
check circuit 131EK. Resistor 810 is connected in cir-
cuit with diode 8CIP. The potential difference across

resistor 810, upon breakdown and conduction of diode

8CIP, switches initial entry preference switch 8MIP to a
conducting state. This completes a conducting path to
extend the potential on lead MP through switch S8MIP
and through resistors 811 and 812 to source of potential
815. The potential difference across resistor 812 is de-
tected by switch 8IC, which switches to a conducting
state to connect source of potential 815 therethrough

over lead IC to check circuit 131EK. The leads of initial

entry bus IEB are connected via check bus IET to check
circuit 13IEK, and thus the initial entry information

‘The pulse

Coincidence of a pulse on a lead of bus IEB
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"t_r'ansferred from se_ndé’r 7SD1 to trunk register 4TRY is
aiso applied to check circuit 13IEX. Responsive to the
control signal on lead IC, check circuit 131EK checks the

correciness of the initial entry information and, if the

check is satisfactory, provides a mnegative potential sig-
nal on lead IRL over cable RL through diode 713 to the

cathode electrode of switch 7IRL1 in sender 7SD1i. The
positive potential extended from source 895 over lead IP1

to lead 720 is applied through resistor 711 to the gate -

electrode switch

lead IRL. _
Switch 7IRIL1 is thus caused to conduct, completing a
path from Jead IRL through switch 7IRL1, resistors 740,

741 and 742 to source of potential 745. The resulting
potential drop across resistor 741 switches initial entry

7IRL.1 and on through resistor 712 io

release switch 7IRL to a conducting state to initiate re-

lease of sender 7SD1 from the charge determination sys-
tem. The normal operation of the telephone switching
control circuitry in accordance with the above-identified
Busch patent is such that sender 7SD1 is released upon
completion of outpulsing of the information to the termi-
nating office. However this operation is considerably
slower than the operation of the present charge determina-
tion system in registering the initial entry information in
a trunk register. For example, in an illustrative embodi-
ment, the pulse provided by pulse generator 7PG to effect
- registration of the information in trunk register 4TR1 may
~ be on the order of fifty microseconds. Accordingly, im-
mediately upon registration of the information in trunk
register 4TR1 and provision of a satisfactory check signal
on lead IRL, release switch 7IRL operates in the manner
described above to release sender 7SD1 and trunk register
4TR1 from initial entry bus IEB, thereby making bus IEB
avallabie for use on other calls. =~ = o
 Operation of switch 7IRL completes a path shunting
switcih 7IES, which may be traced from the gate electrode
of switch 7IES through switch 7IRL and resistor 742 to
source 745. Switch 7IES ceases to conduct, removing
- potential from lead 720 and thus form ‘lead TC to trunk
circuit 3TC1. Consequently, switches 7IPO, 7IRL1 and
3TRB are released. Release of switch 3TRB removes the
potential from actuator electrode 450 in trunk register
4TR1. The information registered in trunk register 4TR1
1s maintained therein by source of sustaining potential
40S, as described above. Release of switch 7IRL1 breaks
the connection of sender 7SD1 to lead IRL: however, re-
lease switch 7IRL is maintained operated by the conduct-
ing path therethrough, which may be traced from source
~ 701 through resistor 702, operated contact 1 of relay
7IER, switch 7IRL and resistor 742 to source 745. When
relay 7IER is subsequently de-energized, upon release of
sender 75D1 by the common control telephone equipment,
contact 1 thereof releases to interrupt the above-traced
path, thereby releasing swiich 7IRL.

The shunting path completed when switch 7TIRL 1S ini-
tially energized also functions to decrease the potential on
lead IP1 to a level insufficient to maintain diodes 8IP1 and
8CIP in a conducting state. These diodes cease to con-
duct, interrupting the current flow through resistor 810
to return switch 8MIP, and thus switch 8IC, to a non-
conducting state, thereby removing the potential signal
of source 815 from lead IC. Responsive to the removal
of source 815 from lead IC, check circuit 13IEX termi-
nates the negative potential applied to lead IRI..

Answer entry in trunk register

Sender 7SD1 pulses the call information to the termi-
nating office over trunk circuit 3TC1, it will be recalled,

and 1if the called line is idle it is seized by the terminating

office equipment for the call. When the called subscriber
answers the call, answer entry request relay 3AER in
trunk circuit 3TC1 is energized to initiate registration of
the answer entry in trunk register 4TR1. Trunk circuit
3TC1 is connected via lead AP1 to an individual prefer-
ence diode 8AP1 in answer entry preference circuit
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S8AEP. When relay 3AER is energized, a path is com-
pleted to extend negative potential from source 391
through resistor 362, operated contact 1 of relay 3AER,
resistor 303 and diode 304, over lead AP1 to preference
diode 8AP1. Positive potential is applied by source 805
from preference controller 8PC over lead MP to master
answer entry preference diode 8CAP. Assuming that no
other trunk circuits or branch preference circuits have
received preference, the potential across diodes 8AP1 and
8CAP is sufficient to break down these diodes to a con-
ducting state, locking out the other trunk circuits and
preference circuits in the manner described above. |

The potential difference across resistor 393 switches
answer entry switch 3AES to a conducting state, extend-
ing the potential signal on lead AP1 therethrough, through
dioce 333 and resistors 336 and 337 to negative potential
source 335. Trunk register switch 3TRB is operated by
the potential difference across resistor 337 to complete
a conducting path from source 335 over lead TRBI to
actuator electrode 450 in trunk register 4TR1 and
through resistor 451 to ground. Diodes 426 situated ad-
jacent electrode 450 in trunk register 4TR1 are thus pre-
pared for the registration of answer entry information to
be provided on answer entry bus AEB from clock circuit
5CC. | |

Clock circuit SCC comprises a'clock 5CL for providing
a continuous indication of the date and time of day on
contacts 1 through M of both of digit registers 5AR and

- 9DR. This indication is manifested in binary form in
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accordance with the operated or unoperated state of the
respective contacts of digit registers SAR and 5DR. A
signal on lead SCA through resistors 501 and 502 to
ground swifches answer clock switch 5SCA to a conduct-
Ing state, extending ground over lead 505 to pulse gen-

erator SPGA. = Responsive thereto, pulse generator 5SPGA

applies a positive potential pulse through the operated
ones of contacts 1 through M of digit register 5AR over

corresponding leads of bus AE to the respective leads of

answer entry bus AEB. Similarly, a signal on lead SCD

through resistors 511 and 512 switches disconnect clock

switch SSCD to a conducting state to extend ground over

lead 515 to pulse generator SPGD, which applies a pulse

through the operated ones of contacts 1 through M of
digit register SDR over corresponding leads of bus DE to
the respective leads of disconnect entry bus DEB. In
this manner the time and date indication is selectively di-
rected over bus AE to answer entry bus AEB or over bus
DE to disconnect entry bus DEB in accordance with re-

spective signals on leads SCA and SCD.

To preclude errors due to clock 5CL advancing the

time and date indication on digit registers SAR and

SDR during the time when this nformation is being read
out on busses AE and DE, clock delay switch 5DL is pro-

vided. Each signal on lead SCA or lead SCD is ex-
0o

tended through one of diodes 510 and through resistors
313 and 514 to ground, switching delay switch 5DL to a
conducting state. Switch 5DL connects ground over lead
530 to clock 5CL., preventing clock 5CL from advancing
for a period sufficient to insure that readout has been
completed, | T

A signal i1s provided on lead SCA by answer entry
preference circuit 8AEP upon its being eranted preference
by preference controlled 8PC. The potential difference
across resistor 820, due to the conduction through diodes
8AP1 and 8CAP, switches answer entry preference switch
2MAP to a conducting state. This completes a path from
lead MP through resistors 821 and 822 to source 825,
switching switch 8SCA1 to a'conducting state, and a path
through resistors 823 and 824 to source 825, switching
switfch 8AC to a conducting state. Source of potential
825 is connected through operated switch 8SCA1 over
lead SCA. to clock circuit 5CC. The time and date the

called subscriber answered the call is thus provided by

clock circuit SCC, as described above, over bus AE to
the leads of answer entry bus AEB. This answer in-



 from actuator electrode 450 in trunk register 4TR1.

‘lease -of switch 3ARL1 breaks the connection of trunk -

i5

formation is selectwely registered on diodes 426 in frunk

register 4TR1, and in no other t{runk register since only
trunk register 4TR1 has its actuator electrode 4350

euergiZed. i'

The conduction of switch 8AC extends source of po-

tential 825 over lead AC to answer entry check circuit
13AEK. The leads of answer entry bus AEB are con-
“nected via check bus AET to check circuit 13AEK, and
thus the answer entry information provided by clock cir-

- cuit 5CC on bus AEB is also applied to check circuit

13AEK. Assuming a check of the information is found
satisfactory, check circuit 13AEK returns a negative po-

tential signal on lead ARL over cable RL through diode

313 to the cathode electrode of switch 3ARLI in trunk
circuit 3TC1. The positive potential from source 805
over lead AP1 through operated switch 3AES is applied
through resistor 311 to the gate electrode of switch
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3ARL1 and on through resistor 312 to lead ARL. Switch

3ARL1 is switched to a conducting state to connect lead
ARL through resistors 340, 341 and 342 to source 345.

20

Answer entry release switch 3ARL 1is switched to a con-
ducting state by the potential difference across resistor

341, and locks up through the conducting path completed
from source 345 through resistor 342, switch 3ARL,

operated contact 1 of relay 3TON and resistor 305 to
source 301. An alternate locking path for switch 3ARL

may be traced from the cathode electrode thereof through

diode 306, operated contact 1 of relay 3AER arld resrstor-

o 302 to source 301.
Operatlou of switch 3ARL shunts switch 3AES whleh
ceases to conduct, thereby releasing switches 3ARL1 and

25
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3TRB. Release of switch 3TRB removes the poteutlal' -

circuit 3TC1 to lead ARL. < Answer entry request relay
3AER 1s subsequenﬂy de-energized, but release switch
3ARL is maintained in a conducting state via the path

Re-

- 16BP1..

16

controller 8PC is available on lead MP to preference cir-

cuit 8DEP, but it is not applied to master disconnect
entry preference diode 8CDP unless switch 8IBS 1s in a
conducting state to provide a path therethrough. Switch
$IBS is switched to a conducting state by negative poten-
tial on lead IBS from buffer and steering preference cir-
cuit 16BSP, which potential is provided on lead IBS
when an ‘idle one of buffer and steering circuits 12BS1 .
through 12BSk and its associated one of buffer registers
1¢BR1 through 10BRk% is available for registration of the
information to be. transferred thereto from trunk regis-

ter 4TR1. |

Each " of buﬁer aud steering circuits. 12BS1 through
12BSk includes an individual off-normal relay 11BON
which 1s in an euergtzed condition when the buffer and
steering circuit -is idle.. The path for energizing relay
11BON in buffer and steering circuit 12BS1, for example,
may be traced {rom source 1101 through the winding of
relay 11BON and resistor 1102 to ground. Emnergization
of relay 11BON extends source of potential 1111
through resistor 1112, operated contact 1 of relay
11BON, resistor 1113, diode 1110, over lead BPI to
one electrode of individual buffer preference  diode
The . other electrode of each of = diodes
16BP1 throuah 16BLk is ‘connected through = lead
1603 and resrstors 1601 and 1662 to source of po-
tential 1605. It may be appreciated that normally more

‘than one of buffer and steermg circuits 12BS81 through

12BSk wﬂl be idle at any given time, and thus their: re-
spective off-normal relays. 11BON wﬂl be energized to
extend negative potential over the correspoudruﬂ ones of

“leads PB1 through PBX to individual preference diodes

16BP1 thrrough 16BPk. However, due to the dynamic .

negative resistance characteristics of gas diodes 16BP1

through 16BP%, only a single preference diode will be

~ broken down to grant preference to the corresponding one
~ of buffer and steering crreuzts 12BSI through IZBSA con-

above-traced through operated contact 1 of relay 3TON.

Relay 3TON remains energized until trunk circuit 3TCY -
is released by the common control equipment upon ter-. 40

1111113.1:1011 of the call connection over trunk circuit 3TC1.:

The shunting path completed by switch 3ARL further

functions to decrease the potential on lead AP1 to a level

msufﬁ cient to maintain diodes SAPI and 8CAP conduct-
ing. When diodes 8API and S8CAP cease to conduct, -
switches SMAP, 8AC and 8SCAL1 are returned to a non- -

conducting state, removing potential source 8235 from

- ence diodes.

leads AC and SCA. Responsive to the removal of po-

tential from lead SCA' switch 5SCA releases in clock cir-

cuit 5CC. Check circuit 13AEK responds to the removal

of potential from lead AC to terminate the negative poten=
Accordingly, -the system

tial signal applied to lead ARL.
is released for use on other calls.

The items of information pertarmug to the call over
trunk circuit 3TC1 thus registered in trunk register 4TR1 .

on diodes 425 specifies. the designation of the calling and
called subscribers and the class of service of the call, and
the information registered on diodes 426 specifies the
time and date of completion of the call connection. 'This
initial and answer information remains registered in trunk
register 4TR1 for the duration of the call over associated
trunk circuit 3TC1. The sustaining path for maintaining
each of diodes 425 and 426 in a conducting state may be
traced from source 405 through diode 404, resistor 403,
the respective diode 425 or 426, resistor 410, operated
contact 3 of relay 3TON and resistor 421 to ground.

Information -transfer to buffer register

When one of the parties to the call releases or ter-
minates the call connection, disconnect entry request relay
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3DER is energized, contact 1 thereof operating to extend

negative source of potential 321 through resistors 322
and 323 and diode 324 over lead DP1 to individual prei-
erence diode 8DP1 in disconnect entry preference circuit
SDEP. Positive potential from source 805 in preference

75

nected thereto .
Assume for the purposes of ﬂlustratrou thut pref-"
erence has been . granted to buffer and steering circuit

12BS1; that is, that prefereuee diode 16BP1 'has been

broken down to provide a conducting path therethrough
The common electrode potential on lead 1693 is reduced

- sufficiently by the conduction through diode 16PB1 ito.
45

prevent breakdown of the other buffer and steering prefer-
‘The potential drop across resistor 1601
switches buffer preference switch 16 MBP to a conducting

state, completing a connection from source 160> through
resistor 1602, switch 16 MBP, resistors 1667 and 1608 to

source 1619. Switch 16iBS1, connected across resistor

1608, couduets to connect source 1610 over lead IBS

to disconnect entry preference circuit 8DEP, thereby in-

dicating that an idle one of buffer and steering circuits
12BS1 through IZBSk is avialable for registration ‘of
information.

The potentlel on lead IBS from buffer and steering
preference circuit 16BSP 1is directed through resistors
832 and 831 to lead MP. The potential difference across
resistor 831 switches switch 8IBS to a conducting state
to connect lead MP through resistor 830 to master dis-
connect entry prefereuce diode 8CDP. It will be recalled
that negative potential is extended from trunk circuit 3TC1
over lead DP1 to preference diode 8DP1 upon operation
of disconnect entry request relay 3DER. Assuming no
other trunk circuits have been granted disconnect. entry
preference, and further that no other branch preference -
circuits have been granted preference by preference con-

-~ troller 8PC, diodes 8DP1 and 8CDP are broken down io

a conducting state.. This condition is detected by resistor
830 to switch disconnect preference switch 8MPD to a
conducting state, completing a path to connect lead MP
through each of resistors 833 and 834 to respective SOurces

of potential 835. Accordmgly, each of switches 8SCD1,

8BC, 8BES1 and 8PTC1 is switched to a conducting
state. S :
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Breakdown and conduction of preference diodes 8DP1
and 8CDP also produce a potential difference across
resistor 323 in trunk circuit 3TC1 which is detected by
switch 3DES. Switch 3DES operates to provide a con-
ducting path from lead DPI, and thus source 803, over
lead 330 through resistors 371 and 372 to source of po-
tential 375. Switch 3TPO is caused to conduct by the
potential difference across resistor 372 and operates to
connect source 375 to pulse generator 3PGO. Respon—
sive thereto, pulse generator 3PGQO applies a negative in-
terrogation pulse over lead TPO1 to lead 420 to effect
nondestructive readout of the informaticn registered in
gas diodes 425 and 426 in trunk register 4TR1. The 1n-
terrogation pulse on lead 420 passes through the indi-
vidual ones of diodes 425 and 426 which are conducting
and thus to the corresponding leads of initial entry bus
IEB and answer entry bus AEB. The pulse on lead 420
does not pass through diodes 425 and 426 which are not
broken down and it i1s insuf
down of these diodes. In this manner the initial and
answer entry information registered in trunk register
4TR1 is reflected over busses IEB and AEB to transfer
connector circuit STRC.

Trunk circuit 3TC1 includes a timed disconnect relay
3TOT which is utilized for timed disconnect operation
of trunk circuit 3TC1. This occurs when the called sub-
scriber, rather than the calling subscriber, terminates the
call connection. Thus, when the called subscriber goes
on hook before the calling subscriber, the operation of
trunk circuit 3TC1 is such that the call connection there-
over is maintained for a predetermined interval of time,
or until the calling subscriber goes on hook if this cccurs
before the end of the predetermined interval of time.
Disconnect entry request relay 3DER is not energued
and thus disconnect time and date information is not pro-
vided by clock circuit SCC, until the call connection over
trunk circuit 3TC1 is terminated. To preclude charging
the calling subscriber for the timing interval after the
called party hangs up and before the call connection is
terminated by timed disconnect operation, relay 3TOT is
energized to provide a timed disconnect indication which
is utilized subsequently by charge computer 6CGC dur-
ing determination of charges for the call. The timea dis-
connect indication appears as a closure of contact 1 of
relay 3TOT, and is reflected via the readout puise from
pulse generator 3PGO on lead 420 through contact 1 and
resistor 471 over lead OT to transfer connector circuit
STRC.

The pulse provided nby pulse generator 3PGO on lead
TPO1 is also applied over lead 463 to terminal 468@.
Terminal 469 is connected to one or more of terminals
461, and thus to corresponding leads of trunk identifica-
tion bus TN, in an arbitrary pattern particularly identify-
ing trunk circuit 3TC1 and trunk regmter 4TC1. The
| pulse on lead 463 is thus extended via the connections
between terminals 460 and 461 over a particular com-
bination of the leads of bus TN to trouble recorder

register 177TRR. If a trouble record is tequired for ithe.

 call, as described hereinbelow, the identity of the trunk
circuit and trunk register serving the call 1s thus included
in the record.

Iead OT and each of the leads of answer entry bus
AEB is individually connected through a diode 579 and
a blocking capacitor 588 to one of detector switches
SRD in transfer connector circuit STRC. Similarly, each
of the leads of initial entry bus IEB is individually con-
nected through a diode 979 and a blocking capacitor
980 to one of detector switches 9RD, except for leads
EBA and EBB which are connected through individual
diodes 979 and capacitors 980 to detector switches 9CS
‘and 9LS, respectively. Detector switches SRD and 9RD
are each responsive to the appearance of an inferroga-
tion pulse on the lead connected thereto to switch to
a conducting state, connecting respective potential sources

585 and 985 therethrough and through respective resistors

ficient to effect the break-
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582 and 982 to the gate electrode of a corresponding one
of transfer register switches 5TR, 91R, 9TR1 and 31TR2.

It will be recalled that the calling subscriber may be
designated by a directory number or by an equipment
number, depending upon the switching office equipment.
This information is a part of the initial entry items reg-
istered by sender 7SD1 in trunk register 4TR1 and it 1s
subsequently read out on leads CI of imitial entry bus
IEB during transfer to the buifer register. The calling
subscriber designation appearing on leads CI of bus IEB
is reflected through respective ones of detector switches.
SRD to the gate electrodes of both fransfer switches
9TR1 and tranfer switches 9TR2. Also a part of the
initial entry information on bus IEB is an indication on
one of leads EBA and EBB of whether the calling sub-
scriber designation on lead CI 1s a directory number
or an equipment number. If the calling subscriber desig-
nation is a directory number, an indication will appear
on lead EBA to the gate electrode of switch 9CS; or
if the calling subscriber is an equipment number, the
indication will appear on lead EBB to the gate electrode
of switch 9LS.

Concurrently, the conduction of smtch SPTC1 in
disconnect entry preference circuit SDEP connects po-
tential source 835 over lead PTC through resistor 95
to pulse transfer control switch 9PTC in transfer con-
nector circuit STRC. Switch 9PTC operates to extend
ground therethrough to transfer pulse generator 9PGT.
Responsive thereto, pulse generator 9PGT applies a posi-
tive transfer pulse on lead PGT to the anode electrode
of each of transfer register switches STR and 9TR and
to the anode electrode of switches SLS and 2CS. Those
ones of transfer register switches STR which have nega-
tive potential applied to the gate electrode thereof by
detector switches 5RD are thus switched to a conduct-
ing state to reflect any timed disconnect indication and
the answer entry information therethrough to lead OT1
and to the corresponding leads of answer entry bus AEBI1
respectively. Similarly, the information appearing on
all of the leads of initial entry bus IEB, except for leads
CI, EBA and EBB, is reflected through transfer reg-
ister swiftches 9TR to corresponding leads of bus IEBI.

If the calling subscriber designation indication is ap-
plied on lead EBA to the gate electrode of switch SC§,
indicating that the designation is a directory number,
the transfer pulse on lead PGT is applied therethrough
over lead 966 to the anode electrode of transfer register
switches 9TR1. Thus the individual ones of transfer
register switches 9TR1 having negative potential applied
to the gate electrode thereof by detector switches 9RD
connected to leads CI are switched to a conducting state
to reflect the calling subscriber directory number there-
through to the corresponding leads CII of initial entfry
bus IEB1. If, however, the calling subscriber designa-
tion indication is applied on lead EBB to switch 9LS,
indicating that the designation is an equipment number,
the designation must be transiated into the proper direc-
tory number before it is transferred to bus IEB1. Trans-
lator 9TRN 1is provided for this purpose and may com-
prise any known transtator having an operating speed
compatible with that of the present system. The trans-
fer pulse on lead PGT is applied through switch 9LS

~over lead 297 to the anode electrode of each of transfer

register switches 9TR2. The calling subscriber equip-
ment number appearing on leads CI 1s accordingly di-
rected through switches 9TR2 to translator $TRN, which

- provides the corresponding calling subscriber directory

number on leads 946 through resistors 947 to the gate
electrodes of transfer register switches 9TR3. The trans-
fer pulse on lead PGT is also applied to the xanode elec-
trodes of each of switches 9TR3, and thus the calling
subscriber directory number on leads 946 is reflected
through switches 9TR3 to corresponding leads CI1 of
initial entry bus IEB1. The initial and answer informa-
tion remains registered on register switches 5TR, 9TR,
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9TR1, 9TR2 and 9TR3 for the duration of the pulse

on lead PGT.

- The time and date of d1sconneet is provided by clock

circuit 5CC over bus DE to disconnect entry bus DEB
in response to a disconnect signal on lead SCD from
disconnect entry preierence circuit §DEP. This dis-

connect signal is provided on lead SCD by switch §SDC1

: threugh_ resistor 362 operates switch 3DRL1 to a con-

- when it switches to a conducting state, as described

above, connecting source of potential 835 to lead SCD.

‘The potential on lead SCD through resistors 511 and 512
to ground produces a potential difference across resistor

10

- 512, switching -switch 5SCD to a conducting state to

apply ground therethrough to pulse generator SPGD.
Responsive thereto, pulse generator SPGD applies a pulse

through the operated ones of contacts -1 through M of
digit register SDR, and thence over corresponding leads

of bus DE to d1se0nnect entry bus DEB.
When preference diode 16BP1 breaks down to indicate

preference to buffer and steering circuit 12BS1, the re-

sulting potential drop across resistor 1113 switches buffer

and steering switch 11BSS to a conducting state to extend

15

ducting state to connect lead DRL to source 355, the path

- therefor being traced through switch 3DRL1, resistors

350, 351 and 352 to source 355. Disconnect release
switch 3DRL is consequently operated to complete a path |

from source 355 through resistor 352, switch 3DRL; op-

erated contact 2 of relay 3TON and resistor 325 to source
321. Switch 3DRL locks up through the path just traced,

- an alternate locking path therefor being traced from the

cathode electrode of switch 3DRL threugh diode 353, op-
erated contact 1 of relay 3DER and resistor 322 to source:
321. Switch 3DRL remains operated until relays SDER |
and 3TON have been refeased upon release of trunk cir-
cuit 3TC1 by the common control smtchmg eqmpment |
in accordance with the Busch patent.

Concurrently, the release signal on lead BRL from

~ check circuit 13BEK is applied over cable CBL thmugh

20

resistors 1162 and 1161 to lead 1159.: Potential is ap-
plied to lead 1156 from buffer and steering preference -
circuit 16BSP over lead BP1 through operated switches.

- EiIBSS and 11BES. Switch 11BRL1 1s operated to a con-

source of potential 1605 on lead BP1 to one terminal of
- resistor 1114 connected to the anode electrode of switch

11BES. Conduction of switch 8BES1 in disconnect entry
preference circuit 8DEP extends potential over lead BES
through diode 1116 and resistor 1115 to the other ter-

minal of resistor 1114 connected to the -gate electrode of
- switch 11BES. The potential difference across resistor -

1114 causes switch 1IBES to conduct, extending the posi-

tive potential from source 1683 therethrough to lead 1150.

This completes a conducting path through resistors 1136
and 1137 to source of potential 1135, switching buffer
register switch 11BRB to a conducting state to connect
source 1135 therethrough on lead BRBI to actuator elec-
trode 1055 and then thmun'h resistor 1854 to ground.
Actuator electrode 1855 is
- 1025 1n buffer register 1¢BR2X, and thus enables these
diodes to register the information appearmg on lead GT1
and on busses IEB1, AER1 and DEB.

- The manner of reﬂlstermfr the information on lead OTl
and on busses IEBI AEBI and DEB in buffer register

situated adjacent gas diodes -
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"10BR1 is similar to that described above in connection

with trunk register 4TR1.

1925 1s connected through resistor 1019, over lead 1620,

through resistor 10624 to ground. Concurrenee of a bit of
information of one binary character applied on a bus lead

to one of dicdes 1925 and potentlal applied to electrode
1035 sitnated adjacent diode 1825 is sufficient to break
down diode 1825 to a conducting state. The diode thus

broken down is maintained conduetmn by source of poten-
‘tial 1895, the path therefor being traced from source 1685,

- through respective diode 1804 aﬂd resistor 1003, throuﬂh
‘diode 1025, respective resistor 1019, lead 1620 and resis-
- tor 1024 to ground.

The information transferred from trunk register- 4TR1 s

A bit of information on a
lead is applied to one electrode of the respective gas diode
1025 connected thereto, and the other electrode of diode
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to buffer register 10BR1 over busses IEB1, AEB1- and '

DEB is checked for correctness by buffer entry check cir-

cuit 13BEK. The information leads of each of these = -

busses is connected through detector switches 10RD and
via a corresponding lead over buffer entry check bus BET
to check circnit 13BEK. Control potential is extended
to check circuit 13BEK over lead BC from disconneact

entry preference circuit 8DEP via the above-described op-
eration placing switch 8BC in a conducting state.
- sponsive to a satisfactory check of the information trans-

ferred, check circuit 13BEK provides a release signal over

leads DRL and BRL to effect the release of trunk- cir-
cuit 3TC1 and associated trunk register 4TR1 and to re-
move the enable potential from actuator electrode 1055
m buffer register 16BR1. Thus the release signal on lead

DRL is applied over cable RI through resistors 362 and

361 and diode 369 to lead 339. Potential is applied to
lead 330, it will be recalled, over lead DP1 through op-
erated = disconnect entry smtch 3DES. Cenduetlon

Re-
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- 3SCD to a nonconducting state.
removes the control potentlal from lead BC

~ducting state, due to the potential difference across resis-

tor 1162 in the above circuit path, completing a path from
lead BRL through switch 11BRL1 and resistors 1156,

- 1157 and 1158 to source of potential 1155.° Buffer release
- switch 11BRL is thus operated to complete a path from
source 1155 through resistor 1138, switch 11BRL, op-

erated contact 1 of relay 11BON and resistor 1112 to
source 1111.: Switch 11BRL locks up thmugh this path
and remains conducting until relay 11BON is released..
The above-traced locking paths for operated switch
3DRL function to shunt switch 3DES, causing switch
3DES to return to a nonconducting state thereby break-
ing the path between lead DPI and Iead 330, returning
smtches JTPO and 3DRL1 to a nonconduetmn state.
Diodes 8DP1 and 8CDP are also returned to a moncon--
ducting state, releasing disconnect preference circuit
SDEP and returning -each of switches 8MDP, SSCD1,
8BC, 8BES1 and 8PTC1 to a nonconducting state. Re-
Iease of switch 8SCD1 removes potential from lead SCD
to switch SSCD in clock circuit 5CC, returning switch
Release of swuch 8B
to check cir-
cutt 3BEK,; causing check circuit 13BEX to remove the
release signal from leads DRL and. BRL. Release of

switch 8PTC1 returns switch 9PTC to a nonconducting
- state.

‘Release of switch $BES1 removes gating poten-
tial from lead BES to buffer entry switch 11BES, return-
ing switch 11BES to a nonconducting state. -

The above-traced locking path for smtcﬁ IIBRL.

‘through operated contact 1 of relay 11BON functions to .

shunt switch 11BSS, returning it to. a nonconductmg
state. When the first of switches 11BSS ‘and 11BES is
returned to a nonconducting state, source 1695 is discon-
nected from lead 1150, thereby releasmg switches 11BRL1 |

“and 1IBRB. Release of switch 11BRB removes potential

rom actuator electrode 1055 in buffer register 10BR1..
Diode 16BP1 is also returned to a uoneonduetmg state,
relec.smg switches 16 MBP and 16IBS1 in buffer and steer-
ing preferenee circuit- 16BSP, thus removing potential -

rom lead IBS to smtc:h 8IBS in d1sconneet entry prefer-—: |

ence circuit 8DEP.

At this point then the mformatmn stored in - trunk_
register 4TR1 has been transferred to buffer register
10BR1, the disconnect time and date have been registered

in register 16BR1, and preference circuits S8DEP and
16BSP, transfer circuit STRC, and busses TEB, AEB, IEB1,

AFEB1 and DEB have been released for subsequent use. .

~ All of the switches in trunk circnit 3TC1 have been re-.

70

turned to a nonconducting state, except for release switches
SARL and 3DRIL. Release switches 3ARL and 3DRL -
are returned to a nonconducting state when the switching -
equipment releases trunk circuit 3TC1 for use on subse-

quent calls, de-energizing relays 3AER, 3DER and 3TON..
De-energization of relay 3TON, via relea_se_ of contact 3

75  thereof, else'.interrupts- the sustaining potential path for
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diodes 425 and 426 in trunk register 4TRI returnmﬂ cach '

of diodes 425 arnd 426 to a nonconducting state.
Call charge entry in buffer register

When release switch IIBRL" in buffer and steering cir-
cuit 12BS1 is operated to a conducting state, a path is

completed from source 1155, through resistor 1158 and

switch 11BRL, over lead 1151, through resistors 1121
and 1122, operated contact 2 of relay 11BON and resistor
1123 to source of potential 1120. Conduction through
resistors 1122 switches charge or computer request switch
11CCR to a conducting state, extendmg source 1120 there-

10

22

computer preierence circuit 16CCP. The control signal is

- applied to lead CCC via opemtion of switches 16MCP

and 16CCC when preference is granted to charge com-
puter preference circuit 16CCP. Conduction through re-
sistor 1612 upon breakdown of diodes 1I6CCPD and
16CP1 switches master preference switch 16MCP to a
conducting state to connect lead MP therethrough and
through resistors 1613, 1614 and 1615 to source of po-
tential 1616. Switch 16CCC connected across resistor

1614 is thus caused to conduct to extend potential source
1616 over lead CCC to check circuit 13CCK. Check cir-

- cuit 13CCK extends the control signal over lead WGC and

through and through resistor 1124 over lead CP1 to charge

computer preference circuit 16CCP.  If none of the other
preference circuits connected to preference controller
8PC have been granted preference, the potential level on
- lead MP through resistor 1612 to one electrode of master
charge computer preference diode 16CCPD is sufficient
to effect the breakdown and conduction of diocde 16CCPD
and of diode 16CP1 connected to lead CP1.

- Breakdown of diodes 16CCPD and 16CPI results in
current flow through resistors 1124 which is detected by
computer control switch 11CCS. Switch 11CCS conducts
- to connect lead CP1 therethrough to lead 1152 through
resistors 1173 and 1174 to source of potential 1175. Buf-
fer read out switch 11BPO is switched to a conducting
state to apply negative potential from source 1175 to
pulse generator 11PGO. Responsive thereto, pulse gen-
erator 11PGO provides a negative interrogation pulse
over lead BPO1 to lead 1020 and through resistors 1010
to each of gas diodes 1025. Individual ones of diodes
1025 which are in a conducting state, registering bits of
information of one binary character, pass the interroga-
tion pulse on lead 1820 therethrough to corresponding
leads of busses JEB1, AEB1 and DEB. In this manner the
initial, answer and disconnect information stored in buf-
- fer register 10BR1 is nondestructively read out on busses
{EB1, AEB1 and DEB: If diode 1025 connected to lead
OT1 1s conducting, registering a timed disconnect indi-
cation, the interrogation pulse on lead 1020 is passed
therethmugh to lead OTL.

The pulse provided by pulse generator 11PGO on lead
BPO1 to lead 1020 is also supplied over lead 1063 to
terminal 1060. Terminal 10660 is connected to one or
more of terminals 1061, and thus to corresponding leads
of builer identification bus BN, in an- arbitrary pattern
identifying buffer and steering circuit 12BS1 and buffer
register 10BR1. The pulse on lead 1063 is thus extended
via the connections between terminals 1060 and 1061
over a particular combination of the leads of bus BN to
trouble recorder register 17TRR. If a trouble record is
required for the call, as described below, the identity of
the buffer register and buffer and steering circuit serving
the call is thus included in the record.

Lead OT1 and each of the information leads of busses
IEB1, AEBI and DEB is individually connected through
a blocking capacitor 680 and a resistor 681 to potential
source 682 in computer detector circuit 6DC. Individual
- detector switches 6DS are connected across each resistor
631 so as to detect an interrogation pulse applied through
a conducting diode 1025 to the respective lead. Detector
switch 6DS switches to a conducting state, in response to
an interrogation pulse on the respective lead, to connect
the respective source of potential 682 through diode 683
and resistors 684 and 685 in computer connector circuit
6CC to lead 650. Connector control switch 6WGC con-
nected to lead 650 permits the transmission of the de-
tected information through connector circuit 6CC to
register circuit 6RC upon initiation of a check of the
information by computer check circuit 13CCK.

Concurrently, therefore, the information on busses
IEB1, AEB1 and DEB is provided through detector
switches 10RD over check bus BET to computer check
circuit 13CCK. Operation of check circuit 13CCK is
initiated by a control signal on lead CCC from charge

15

20

29

30

39

4(0)

45

o0

59

60

65

70

75

cable COM through resistors 603 and 604 to potential
source 605. Switch 6WGC is caused to conduct, connect-
ing source 605 therethrough and over lead 605 through re-
spective resistors 685 and 684, diode 683 and conducting
ones of detector switches 6DS to source 682, thereby
switching corresponding ones of connector switches 6CS
to a conducting state.

Conduction of a connector switch 6CS extends the con-
nection from source 682 through the corresponding con-
ducting detector switch 6DS, respective dicde 683, switch
6CS, resistors 686 and 687, over lead 660 to the cathode
electrode of register control switch 6PRWC. Switch
6PRWC is normally maintained in a conducting state by

the circutt traced from source 630 through resistors 632

and €33 to source 634 to connect potential source 634
therethrough to lead 668. Individual computer register
switches 6RS in computer register circuit 6RC are con-
nected across respective ones of resistors 687. Accord-
ingly, the information appearing on lead OT1 and on
busses IEBI1, AEB1 and DEB is detectad by detector
switches .6DS and is reflected through connector switches
6CS to computer register switches 6RS. The informa-
tion thus registered in register switches 6RS is locked in
via a path which may be traced from source 634 through
switch 6PRWC over lead 660 through the conducting ones
of switches 6RS and through respective resistors 688 to
potential sources 699. |

Assuming a satisfactory check of the information on!
busses IEB1, AEB1 and DEB, check circuit 13CCK ap-
plies a check signal on lead STWC over cable COM to
computer start control switch 6STWC and on lead CCRL
to computer preference circuit 16CCP. The signal on
lead STWC from check circuit 13CCK is applied through
resistors 622, 623 and 624 to potential source 625, caus-
ing computer start control switch 6STWC to conduct.
switch 6STWC locks over a path traced from source 625
through resistor 624, switch 6STWC and resistor 691 to
source 692. Switch 6STWC connects source 625 through
resistor 624 over lead 629 and through resistors 626 and
627 to source 628, switching charge computer start switch
65TCC to a conducting state. Source 628 is extended
through coaducting switch 6STCC to charge computer
6CGC to initiate translation of the initial, answer and dis-
connect information registered in computer register 6RC
into a charge for the call. Charge computer 6CGC com-
prises known translation circuitry for determining a
charge rate for the call based upon the identities of the
calling and called subscribers, for determining the dura-
tion of the call from the answer and disconnect informa-

tion and from any timed disconnect indication, and for

determining the charges for the call based upon the
charge rate and the duration thereof. Charge computer
6CGC works on a single-call-at-a-time basis and, advan-
tageously, comprises electronic translation circuitry such
as that shown for example in R. C. Avery-R. H. Gumiey-
A. Majlinger application Serial No. 162, 162, filed Decem-
ber 26, 1961.

The charges computer for the call are provided by
charge computer 6CGC over the leads of charge entry
bus CEB for registration in buffer register 16BR1 along
with the other items of information pertaining to the
call. It will be recalled that upon buffer and steering cir-
cuit 12BS1 being granted computer preference, the poten-
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- tial on lead MP is extended through cefnputer prefer-
~ ‘ence circuit 16CCP over lead CP1 through switch 11CCS
- to lead 1152 to operate switch 1iIBPO.
on lead 1152 also functions, via the path through resistors

1177 and 1176 to source 1178, to opsrate switch 11CRB.

. Switch 11CRB connects petennal source 1178 over lead
- CRB1 to actuator electrode 1056 and through resistor
- 1057 to ground. Actuator electrode 1956 is thus enabled

to effect registration of the charge entry information on
‘bus CEB in gas diodes 1026 situated adjacent electrode
information is maintained
registered in diodes 102¢& by potential scurce 1065 through
“a path which may be traced from source 1805 through
- respective diodes 1604 and resistors 1683, over the leads
of bus CEB, through conducting ones of diodes 1826 and
respective resistors 1008 to lead 1921, thmugh remster
1069 to ground.- |

Responsive to a satisfactory check ‘of the information
transferred from buffer register 16BR1 to computer regis-

“ter 6RC, it will be recalled, check circuit 13CCK applies

a signal over lead CCRL to computer preference circuit
| 16CCP The signal on lead CCRL is extended through
-resistors 1621 and 1620, thrcugh master preference switch-
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charnge entry bus CEB for reglstratlon in buﬁer register

10BR1 is also applied over check bus CET to check
circuit 13CEK. Assuming a satisfactory check of the
charge entry information, check circuit 13CEK applies
negative potential over lead CERL' and cable CBL
through resistors 1142 and 1141 to lead 1152 in buffer

and steering circuit 12BS1. Switch 11CRL2 is operated

~ to extend lead CERL therethrough and through resis-

10

to a nonconducting state.

- nonconducting state.
20

_'tors 1144, 1145 and 1146 to source 1147. Charge entry
release switch 11CERL is switched to a conducting state

and locks up, connecting source 1147 through resistor
1146, switch 11CERL to lead SC1, and through diode
1125, operated contact 2 ‘of relay llBON and re31ster

1123 to source 1120.

The locking path just traced for switch IICERL shunts
computer request switch 11CCR, returmng switch 11CCR
Switch 11CCS is thus released;
returning swiiches lllBPO 11CRB and 11CRL2 to a
Release of switch 11CRB removes
the enabling petential from lead CRB1 to electrode
1056. Release of switch 11CCR breaks the sustaining

~ path over lead CP1 for diodes MCPi and 16CCPD in

16MCP to lead MP, the potential across resistor 1621 -

switching computer release switch 16CCRL to a conduct-
ing state.

25
Switch 16CCRL completes a locking path

from lead MP through switch 16MCP, resistor 1629,

switch- I6CCRL and resistors 1622, 1623 and 1624 to

- source 1625, shunting switch 16CCC. Switch 186CCC is

thus returned to a monconducting state, removing the
potential from lead CCC to check circuit I3CCK. Check
circuit 13CCK is released, removing the signals from
leads WGC, STWC and CCRL, thereby releasing switch
6WGC. Switches 6STWC and 16CCRL are maintained
in a conductmg state by ‘the Iockmnr paths traced herem-
above. | |

When charge computer 6CGC completes its eperaven
providing the call charge information on bus CEB, a
release signal is applied thereby to lead 695 to imitiate
release of computer register 6RC. The release signal on
lead 695 is applied over lead 618, through resistors 1%
- and 62¢ to source 621, smtehmg release switch 6RLC
to a conducting state.

thereto, pulse generator 6PGR applies a positive potential
- release pulse to lead 629 which returns switch 6STWC to
- a nonconducting state.
on lead 629 terminates, switch 6STCC is also returnsd to
a nonconducting state.
6CGC on lead 695 is also applied through resistors §14
and 616 to source 615, switching switch 6ERWCE to a
conducting state.
through resistors 611 and 612 to scurce 613, operating
erase switch 6ERWC to a conducting state to extend
source 613 to erase pulse generator 6PGW. Pulse g

Sw1tch G6RLC connects source 621 -
therethrough to pulse generator 6PGR. Responsive

Therefore, when the release pulse -

The signal from charge computer
Switch 6ERWC1 connects source 615

goIl-

30

39

40

a{)

transmission to a hotel or similar establishment.

preference circuit 16CCP, returning these diodes to a
nonconducting state. Preference switch 16 MCP ‘is thus -
release, breaking the locking path for switch 16CCRL
which then releases. Switch 16CEC returns to a non-
conducting state, removing potential from lead CEC to
check circuit 13CEK.  Check circuit 13CEK consequent-

1y releases to remove the check signal from lead CERL.

Switch 11CERL remains conducting via the path traced
through eperated contact 2 of relay 11BON, as does
switch 11BRL via a path earlier traced through eperated

contact 1 of relay 11BON.
Transmission of call fnforma-tz'on to hotel

At this point then all of the information pertaining
to the illustrative call over trunk circuit 3TC1 necessary
for billing the calling subscriber, inclusive of the call
charges, is registered in buffer register 10BR1 on gas
diodes 1925 and 1026. Potential from source 1147
extended through operated switch 11CERL on lead SC1

-is directed to recorder control switch 11RSC, to sending
control switch 12SSC and to position control switch

12PSC. A portion -of the initial entry information regis-
tered in buffer register 16BR1 on diodes 1¢25 connected

to leads TTYX, POSK, TTY and POS of initial entry
bus IEB1 mdwates whether the call information is to be

directed to an operator’s position circuit or to circuitry for -
- Jt'was
initially assumed herein that the illustrative call over
trunk circuit 3TC1 derived from a hotel to which the

~ call charges were to be communicated immediately upon

~ termination of the call.

‘Therefore, the initial entry

 information transferred to buffer register 10BR1 included

09

erator 6PGW applies ‘a brief positive potential erase |

- pulse through diode 661 to lead 669, which holds the

conducting ones of switches 6RS eperﬂted and through

~diode 662 to the gate electrode of switch 6PRWO.

Switch 6PRWC 'is switched thereby to a nonconducting
state, and the initial, answer and disconnect information
registered in register 6RC is erased by the interruption of

the locking path for switches 6RS upon termination of the -

erase pulse on lead 668. After a period determined by
capacitor 631, switch 6PRWC is again switched to a
conducting state over the path previously traced to re-
- connect potential source 634 to lead $669. Cemputer
register 6RC is then restored to normal, ready for regis-
tration of information pertaining to another call.

Conduction through resistor 1623 via the locking. path T

an information bit on each of leads TTY and POSK,
placing diodes 1025 connected thereto in a conducting

- state, indicating that the call information is to be di-

rected from buffer register 10BR1 to charge communi-

- ‘cation transmitting equipment 18CCT ‘only and not to

60

position circuit 15POS.  The diodes 1825 connected to

~ leads TTYK and POS remain in a nonconducting state.-

65

TTY and POS, respectively.

- An individual detector switch 16TDN, 16PDN, 161D
and 10PD is connected across the resistors 1010 in cir-
cuit with diodes 1825 connected fo leads TTKY, POSK;
- These detector switches are

- individually switched to a conducting state upon break-
. down and conduction of corresponding diode 1025. Thus,
~ breakdown of diodes 1025 connected to leads TTY and

traced above for switch 16CCRL switches charge entry -

control switch 16CEC to a conducting state, thereby
extending scurce 1625 therethrough over lead CEC to
charge entry check circuit 13CEK. The charge entry.
information provided by charge computer ¢CGC on

POSK, mdleatmg transmission of the call charges to

‘a hotel, is detected by switches 10TD and 10PDN, respec-

tively, to connect the potential on lead 1020 therethrough
to leads SR1 and NPR. Lear SR1 is connected through

resistors 1180, 1181 and 1182 to source 1183. The po-
tential across resistor 1181 switches switch 1iSR1 to a

conducting state, connecting source 1183 therethrough
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over lead SR through resistor 1207 to sending request
switch 12SR. Potential is applied through switch
11CERL over lead SC1 through resistor 12065 to con-
trol switch 12SSC. Therefore, switches 12SSC and 12SR

~ operate to complete a path form source 1201 through

resistor 1202, operated contact 4 of relay 11BON, switch
12SSC, switch 12SR, resistor 1208, over lead SP1 to
preference diode 16SP1 in sending preference circuit
16TSP. |

Preference circuit 16TSP operates in a manner sim-
ilar to the preference circuits previously described here-
in. If charge communication transmitting equipment
18CCT is free, negative potential from source 1861,
through resistor 1862, over lead SI, through resistors
- 1630 and 1631 to lead MP operates switch 16SI to a
conducting state. This extends potential on lead MP
through switch 16SI and resistor 1632 to master send-

ing preference diode 16CSP. Assuming no other pref-

erence circuit or buffer and steering circuit has been
granted preference, the potential across diodes 16CSP and
165P1 1s sufficient to effect their breakdown.

Breakdown of diode 16SP1, granting preference to
buffer and steering circuit 12BS1, is detected by sending
switch 128S. Switch 12SS operates to connect the poten-
tial on lead SP1 therethrough, over lead SL, through di-
ode 1289, over lead PS, throusch resistors 1210 and 1211 to
source 1212. The potential difference across resistor
1211 switches buffer readout switch 12BPO1 to a con-
ducting state, extending source 1212 therethrough to
- pulse generator 12PGO. Responsive thereto, pulse gen-
erator 12PGO applies a negative potential interrogation
pulse over lead BPO11, through diode 1622 to lead 1020
and through diode 1623 to lead 1021. The interroga-
tion pulse on leads 1020 and 1021 passes through the
conducting ones of diodes 1025 and 1026, ‘respectively,
to the corresponding leads of busses TEB1, AEB1, DEB
- and CEB connected thereto. The interrogation pulse
on lead 1020 is also extended via the connections be-
tween terminals 1069 and 1061 over the leads of bus
BN to trouble recorder register 17TRR. |

Each of the leads of busses IEB1, AEB1, DEB znd
CEB, except leads TTYK, POSK, TTY and POS, 1s

 individually connected through a blocking capacitor 1680

to one of the output detector switches 10RD. Detector
switches 10RD are each responsive to the appearance
of an interrogation pulse on the bus lead connecied
thereto to switch to a conducting state, connecting re-
spective potential source 1085 therethrough to the cor-
responding leads of output busses BEQ and CEQ. In
this manner the call information registered in buffer regis-
ter 10BR1 1s nondestructively read out on output busses
BEG and CEO, and is directed thereover to recorder
connector circuit 14CC, to position connector circuit
- 13CLC, and to sending connecter circuit 18CC.

The information tead out of buffer register 16BR1 on
busses BEO and CEO is also directed over busses BET
and CET to sending check circuit 13TSK, to position
check circuit 13PK, and to recorder check circuit 13RK.
Granting of preference to buffer register 10BR1 for ac-
cess to transmitting equipment 18CCT is detected by
master preference switch 16MSP which operates to con-
nect the potential on lead MP therethrough to switch send-
ing check control switch 16SC to a conducting state.
Switch 165C extends potential from source 1635 as a
control signal over lead SC to initiate operation of check
circuit 13TSK. |

The control signal on lead SC is extended by check cir-
cuit 13TSK over lead WGT through resistor 1803 to con-
nector contrcl switch 1I8WGT, causing switch 18SWGT to
conduct to connect source of potential 1805 therethrough
over lead 1858 to sending connector circuit 18CC. Con-
nector circuit 18CC comprises circuitry similar to that
described above in connection with computer connector
circuit 6CC, and is enabled by the potential on lead 1850

10

15

20

| 26 |
to direct the information on busses BEQ and CEQ to send-
ing register circuit 18RC. Register control switch
I18PRWT 1s 1n a conducting state and extends source of
potential 1834 therethrough on lead 1860 to register cir-

cuit 18RC, thereby enabling register circuit 18RC to

register the call information directed thereto. |

Check circuit 13TSK performs a check of the informa-
tion on busses BEO and CEQO, and assuming the check
1s satisfactory, applies a check signal to leads STWT and
SRL. The check signal on lead STWT from check cir-
cuit 13TSK switches sending start control switch 18STWT
to a conducting state, switch 18STWT up to extend
source 1825 therethrough on lead 1829 through resistor
1826 to start switch 18STCT. Start switch 18STCT op-

‘erates to connect potential source 1828 to charge com-

munication transmitting equipment 18CCT, initiating its
operations to transmit the call information registered in
register circuit 18RC over an appropriate communica-
tions link (not shown) to the hotel. |

The positive potential from source 1825 extended
through switch 18STWT is also directed through diode

- 1809 to lead SI as an indication that charge communica-

~ tion transmitting equipment 18CCT is busy. The posi-

30

39

40

45

50

09

60

65

70

75

tive potential on lead SI returns switch 16SI in sending
preference circuit 16TSP to a nonconducting state, dis-
connecting preference circuit 16TSP from lead MP.

Concurrently, the signal from check circuit 13TSK on
lead SRL is applied through diode 1213 and resistors 1214
and 1213 to lead SL in buffer and steering circuit 12BS1.
Switch 12SRL1, connected across resistor 1214, operates
to connect Jead SRL therethrough and through resistors
1216, 1217 and 1218 to source 1219. The potential
across resistor 1217 switches sending release switch
125RL to a coanducting state, and switch 12SRIL. locks
up through a path which may be traced from source
1219 through resistor 1218, switch 12SRL, diode 1203,
operated contact 4 of relay 11BON and resistor 1202 to
source 12601. This path functions to shunt switch 12SSC,
thus returning switches 12SSC, 12SR and 12SS to a non-
conducting state. Potential is removed from leads SL
and PS by the release of switch 12SS and thus switches
I25R1.1 and 12BPO1 are returned to a mnonconduct-
mg state. Diodes 16SP1 and 16CSP are returned to a
nonconducting state. Switch 16MSP, and thus switch
165C, are returned to a nonconducting state, removing
potential from lead SC to check circuit 13TSK. Check
circuit 13TSK releases, removing the signal from leads
SRL, STWT and WGT. Removal of the signal from lead
WGT releases switch 18WGT to disconnect source 1805
from lead 1850 to sending connector circuit 18CC.
Switches 18STWT and 12SRL remain operated via lock-
ing paths traced above.

The operation of release switch 12SRL also connscts
source 1219 therethrough over lead SRL2, through re-
sistor 1184 to switch 11SRL2. The potential extended
on lead NPR by detector switch 10PDN, upon registra-
tion of the imitial entry information in buffer register
10BRE, switches negative position request switch 11NPR
to a conducting state via an obvious path. Switch 11NPR
operates to connect source 118§ therethrough and through
register 1187 to switch 11PRI1.2. Switches 11SRL2 and_
11PRL2 are thus enable to extend source of potential
1190 to release pulse generator 11PG upon operation
of switch 11IRRL2. Switch 11RRL, and thus switch
11RRL2, operate to a conducting state upon a satisfac-
tory check of the information provided to idle recorder
circuit 14REC, as will be described hereinbelow. |

Assuming recording of the information has been com-
pleted and that switches 11RRL and 11RRL2, as well as
switches 1IPRL2 and 11SRI.2, have been switched to a
conducting state, source 1190 is extended through these
switches to pulse generator 11PG. Responsive thereto,
pulse generator 11PG applies a positive release pulse
through diode 1163 over lead ER1 to each of leads 1020
and 1021 in buffer register 10BR1. The release pulse de-




-

- of diodes 1625 and 1026 in buf]
- placed in a nonconducting state ready for the registration
Switches.
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creases the potential across gas diodes 1625 and 1926 to

a2 level insufficient to maintain their conduction. FEach
er register 16BR1 is thus

of information pertaining to a subsequent call.

- 11SR1 and. 11NPR are returned to a noneenductmg_ |
state, as are switches 11SRL2 and 11PRL2. |

.l_

| “The positive release pulse from pulse generator 11PG
© is also directed through diode 1104 to relay 11BON.
" Relay 11BON is de-energized for the duration of the '

release pulse, which may be on the order fifty microsec-

10

ond in an illustrative embodiment, and upon cessation of -
the release pulse is energized again via the obvious path -

11BON is de-energized, contacts 1, 2, 4 and § thereof

are released to interrupt the locking paths for switches-
‘11BRL, 11CERL, 12SRL and 11RRL, respeetwely Buf-
fer register 16BR1 and buffer and steering circuit. I?BSI

are aceerdlnﬂly restored to normal; and mpon cessation
20,

of the release pulse and eensequent energization of relay
11BCN, source 1111 is again extended through operated

 contact 1 of relay 11BON over lead BP1 to requsst per-

ference from buffer and steering preference circuit 16BSP.

When charge communication transmitting equipment

~ 18CCT completes communication of the call information

“being applied through resistor 1892 to lead SI..

‘to the hotel, a pemtwe release signal is applied thereby to
lead 1895, energizing switches 18RLT and 18ERWTI via -

- obvious paths.
ative potential from source 1815 through resistor 811 to

Switch 18ERWT1 operates to extend neg-

switch 1SERWT. Switch 18ERWT operates to connect

source 1913 to pulse generator 18PGW. Responsive

thereto, pulse generator 1SPGW applies a positive release
pulse through diode 1361 to lead 18690 and through diode

in register circuit 18RC is erased. Switch 18PRWT re-

turns to a conducting state, after a time determined by
- capacitor 1831, to connect

source 1834 again to lead
1869 for remstratwn of information pertalmng to a sub-

sequent call.
Operation of switch 18RLT extends negative potential

from source 1821 to pulse generator 18PGR, which ap-
plies a positive pulse to the cathode electrode of switch

18STWT. Switch i8STWT is returned thereby to a non-

conductmcr state.

state, disconnecting source 1828 from transmitting equip-
ment 18CCT. The potential on lead SI- goes negative
upon release of switch 18STWT and cessation of the pulse

- from source 1161 to ground. . During the period that relay
15

25

30

1862 to switch 18PRWT. Switch 18PRWT is switched
to a nonconducting state thereby; and upon cessation of
‘the release pulse on lead 1866, the information registered

35 a

Upon cessation of the pulse generator
18PGR, switch 18STCT is released to a nonconducting -

0()

from pulse generator 18PGR, source of potential 1831

Negative
petenual on lead SI, it will be recalled, switches switch

16ST in sending preference circuit 1615P to a conducting-

state to indicate that transmlttmﬂ' equipment 18CCT 1is

idle.
Operator-served calls

‘The call charges may be displayed advautageously

‘at an operator’s position on operator-served calls, ior

example, when the calling party requests the charges. To
initiate this service on a call, an indication is. prowded
in the initial entry information on lead POS which switches

the diode 1925 connected thereto to a conducting state.

upon transfer of the information to the buffer register.
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For example this indication may be keyved in by the oper- -

ator serving the call. The indication which otherwise
appears on lead POSK is not present. Normally, in the
case of operator-served calls of this type, transmission of
the charges to the calling subscriber is not required and
thus an indication thereof appears on lead TTYK, which
switches diode 1025 connected thereto to a conducting
state. Accordingly, when the initial entry information
is transferred to buffer register 18BR1, detector switches

10PD and 10TDN detect the presence of these indications

- cuit 14REC for these purposes.

- served calls such as described above.
‘lead NSR operates - negative sendmg request switch

record of the individual calls.

2:3

to connect the petentlel on lead 102@ to leads PR1 and

NSR, respectively. .
The subsequent operation of the call eharge determina-

tion system is substantially the same as for non-operator-
The potential on

1INSR, and the potential on lead PR1 operates switch

- 1iPR1 which extends source 1185 over lead PR to oper-

ate position request switch 12PR. Switch 12P5C 1s oper-

ated by the signal on lead SC1 from switch 11CERL.
‘Thus a preference request is extended over lead PP1 to |
position -preference circuit - 16PP.

Negative potential

from source 1501 on lead Pl operates switch 16PI to
mdlcate that position circuit 15P0OS is idle. When prefer-
ence 1s subsequently eranted to buffer and steering circuit
i2BS1. position smtch 12PS operates to connect lead PP1,
over lead PL, through diode 1228, over lead PS to buifer

readocut sw1tch i2BPO1. Switch 12BPO1 operates. as

‘above to effect readout of the call mfermatmn on output

busses BEO and CEO.
Granting of preference also extends control petential

from source 1645 through operated switch 16PC over lead -
PC to position check circuit ‘13PK.. Check circuit 15PK

~applies the control potential on lead PC over lead WGP

to position connector control switch 1ISWGP to enable
position connector circuit 15CC to gate the information
to position register: circuit 1SRC. = Assuming a safisfac-

-tory check of the information re ad out on busses BEO
and CEO, check circuit 13PK applies a-check signal on

lead STWP to position start control switch 15STWP to
initiate operation of position circuit 15POS for display
to the operator of the information in register circuit 13SRC

“and to indicate to preference circuit 16PP that: position

circuit 15POS is busy. Check circuit 13PK: also applies

check signal on lead PRL to operate switch 12PRL1,
and thus position release switch 12PRL which locks up
through contact 3 of relay 11BON. Operation of position
release switch 12PRI. effects the release of switches
12PSC, 12PR, 12PS, 12BPO1 and 12PRL1 in buffer and
steering circuit 12BS1, and thus releases preference circuit
2PP, thereby releasing check circuit 13PK. When Te-
-cerder information check is completed, operating switch
{1RR1.2, the conducting state of position release switch
12PRL, extending source 1225 over lead PRL2, operates
switch 11PRL2. Switch 11SRL2 is eperated by switch
11NSR, and thus pulse generator 13PG 1s energlz d to
erase the information from buffer register 16BR1 in the

manner described above. At the same time, relay 11BON

is pulsed off to release switches 11CERL, 121BRL, 11PRL
and 11RRL. When relay 11BON is again energ1zed op-
erated contact 1 thereof extends source 1111 over lead =
BPi to buffer preference cn'cult IGB‘*P to request pref-

erence, ~

When the display of the information at position circuit
15POS is terminated, a signal therefrom effects the mo-
mentary release of switch 1SPRWP to erase the informa-
tion registered in register circuit 1SRC and also releases
switch 15STWP, returning the position circuit idle indica-
tu:)n over lead PI to pesmen preference circuit 16PP

Recoi dmg of call charges

The information pertaining to each toll call is also di-
rected over output busses BEO and CEO to recorder cir-
cuit 14REC for producing a complete and permanent
Magnetic tape re'eording
apparatus may be utilized advantageously in recorder cir-
All of the information

~ pertaining to an individual call is provided in parallel

70

75

over busses BEO and CEO and is thus recorded contigu-
ously, which simplifies the processing required in subse-
quently assembling the calling SlleCI‘lb r’s periodic state-
ment of charges. |
it will be reealled that when the charge entry has been
registered in buffer register 10BR1 along with the other
items of information pertaining to the call, release switch




3,983,078

29

IICERL 1s operated to release the charge computer re-
quest circuit. Switch 11CERL also extends source 1147
over lead SC1 and lead RS, through resistor 1121 to
recorder control switch 11RSC. Switch 11RSC conducts
. to extend negative potential from source 1192, through
- resistor 1193, operated contacts 5 of relay 11BON, switch
11RSC and resistor 1194, over lead RP1 to recorder pref-
- erence circuit 16RP. Negative potential from source
1401 on lead RI operates recorder idle switch 16RI to
indicate that recorder circuit #4REC is idle. Thus, when
recorder preference is granted to buffer and steering cir-
cuit 12BS1, diodes 16RP1 and 16CRP break down and
conduct, operating switch 16MRP and switch 18RC to
connect source 1635 over lead RC to recorder check cir-
cuit 13RK, through which source 1655 is extended over
lead WGR to switch 14WGR. Breakdown and conduc-
tion of diodes 16RP1 and 16CRP is detected by switch
11RS which connects lead RP1 therethrough over lead
RL and lead BPO2, through diode 1221 and resistors
1210 and 1211 to source 1212. Switch 12BPO1 is thus
operated, enabling pulse generator 12PGO to read out the
information fmm buffer register 10BR1 on busses BEQO
and CEO in the manner described above.

Upon a satisfactory check by recorder check circuit:

13RK, a check signal is applied thereby over lead STWR
1o recorder start control switch 14STWR, and over lead
RRL to switch 11RRI.1. The t}peratlon of the connector,
register and recorder control mrcultry in FIG. 14 is sub-
stantially similar to that described in connection with
charge ' communication -transmitting equipment 18CCT
and need not be described in detail here. The call in-
formation is registered in recorder register circuit 14RC,
recorder circuit 14REC 1s made busy and recorder oper-
ation is initiated.

The signal on lead RRL from check circuit 13RK to
switch  11IRRL1 is directed through resistors 1195 and
11856 to lead RL, switching switch 11RRI1 to a con-
ducting state to connect lead RRL therethrouch and
thraunh resistor 1197 to recorder release switch 11RRL.
Release switch 11RL operates to connect source 1168
therethrough over lead RRIL2 to switch 11RRI1.2. Switch
11RRL2 conducts to extend source 1190 therethrouch to
switches 11PRL2 and 11SRL2 and, upon their operation
in the manner described above, to pulse generator 11PG
to erase the information in buffer register 10BR1.

Trouble recording operation

During each of the information transfer operations
over busses IEB, AEB, IEB1, AEB1, DEB and CEB, the
information bemg transferred is directed to an appropriate
one of check circuits 13TEK through 13RK. At the same
time the information is directed over cable TT and is
registered in trouble recorder register 17TTR, if trouble
recorder 17TR is idle.
assumed that a check of the information proved satis-
factory. Upon a satisfactory check, indicating that no
trouble record is to be made at this point, the particular
check circuit involved applies an erase signal over lead
ERT to effect erasure of the information registered in
trouble recorder register 17TRR. However, if an error
1s- detected in the information pertaining to a call, the
- appropriate check circuit initiates a trouble release of the
call charge determination system to preclude erroneous
charges on the call and directs the recording of the reg-

istered information by trouble recorder 17TR. Included

as a part of the trouble record for maintenance purposes
is the identity of the sender, trunk circuit or buffer and
steermg circuit involved in the information transfer op-
eration wherein the error occurs. '

For example assume that check circuit 13CCK detects
an error in the information read out from buffer register
10BR1 on busses IEB1, AEB1 and DEB to charge com-
puter register 6RC. Thus, instead of providing a satis-
factory check signal on leads CCRL and STWC, check cir-
cuit 13CCK applies an unsatisfactory check signal on lead
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In each instance above it has been
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BTR over cable CBL through diode 1148 to buffer trouble
release switch 11BTR in buffer and steering circuit 12BS1.
It will be recalled that during this information transfer
operation potential is extended through operated switch
11CCS to lead 31152, which is connacted through dicde
1171 and resistors 1139 and 1140 to release swiich 1iRTR.
Switch 11BTR, therefore, conducts to connect lead BTR
therethrough to lead BTR1. Lead BTR1 is connected
over obvious paths to the gate electrodes of each of re-
lease switches 11ICERL, 1IBRI, 11RRI, 1I2PRL and
I2SRL. The connecting path to release switch 1iCERL
may be traced, by way of example, through diode 1143
and resistor 1144 to the gate electrode of switch 11CERL.
Each of release switches 11CERL, 11BRL, 11RRL,
12PRL and 12SRL is switched to a conducting state and

‘functions to release respective portions of the call charge

determination system in the manner described for the
individual switches above. Accordingly, pulse generator
11PG is energized to erase the call information registered
in buffer register 10BR1 and buffer and steering circuit
12BS1 is released for use on a subsequent call. Check
circuit 13CCK also applies a signal over lead ERWC
through diode 610 to operate erase switch 6ERWC, there-
by effecting erasure of the information in register circuit
6RC in the manner described above. Though not shown
in the drawing, it will be apparent that the unsatisfactory
check signal on lead BTR may also be employed advan-
tageously to call in an operator on the call in a manner
known in the art.

For maintenance purposes, check circuit 13CCK ap-
plies a trouble start signal over trouble start lead TRST
to initiate a trouble record of the unsatisfactory call in-
formation and of the identity of buffer and steering cir-
cuilt 12BS1 by trouble recorder 17TR. This information
1s provided to trouble recorder register 17TRR over check
bus BET and buffer identification bus BN, respectively,
and is registered therein if trouble recorder 17TR is idle,
as indicated by a negative potential idle signal over lead
TRI to register 17TRR. An idle signal is provided on
lead TRI when trouble recorder idle switch 17TRI is
operated to a conducting state, the path for operating
switch 17TRI being traced from source 1702, through re-

sistor 1703, diode 1704, resistor 1705, contact 1 of relay
17TRC and resistor 1706 to source 17¢7. Switch 17TRI

extends negative potential from source 1707 therethrough
on Jead TRI and locks up via a path from source 1707
through resistor 1706, contact 1 of relay 17TRC, switch
171TRI, lead TRI, lead 1710 and resistors 1721 and 1711
to source 1712. If trouble recorder 17TR is busy, start
switch 17ST will be operated, shunting switch 17TRI
through dlode 1768 and holdmtr it in a nonconductmﬂ
state.

Assuming that switch 17TRI is operated to indicate an
idle condition, the information is registered in trouble re-
corder register 17TRR and is applied over bus TRR to
trouble recorder 17TR. The idle sienal on lead TRI is
also directed over lead 1718 through resistors 1721 and
1711 to source 1712, the locking path traced above for
switch 17TRI, operating switch 17TRI1. The trouble

-start signal from check circuit 13CCK on lead TRST is

thus extended through resistors 1713 and 1714 and through
operated switch 17TRI1 to source 1712. Start confrol
switch 17SC is operated thereby to connect the start signal
on lead TRST therethrough and through resistors 1715
and 1716 to source 1717. Start switch 17ST is switched
to a conducting state and locks up through coniact 2 of
relay 17TRC and the coil of start relay 17STT to source
1729. Relay 17STT is operated in this path and closes
contact 1 thereof to connect starting ground to trouble
recorder 17TR. Operation of start switch 17ST also
shunts switch 17TRI to a ncnconductmg state to indicate
that trouble recorder 17TR is busy, thereby removing the
idle signal from lead TRI to preclude registration in
trouble recorder register 17TRR of information pertain-
ing to another call. Switches 17TRI1 and 17SC are re-
leased upon the release of switch 17TRL
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Upon eempletien of the trouble recerd trouble re-

corder 17TR extends ground through the coil of trouble
record comnlete Telay 17TRC to source 1730, energizing
relay 17TRC. Operation of contacts 1 and 2 of relay

17TRC interrupts the paths for start switch 17ST and for
. start relay 17S8TT, releasing switch 17ST and relay 17511,
Operation of contact 3 of relay 17TRC extends source
1748 over lead ERT to trouble recorder register 17TRR

to effect the erasure of the call information registered

therein. When relay 17TRC is de-energized by trouble re-
corder 17TR, contact 1 of relay 17TRC releases to extend

source 1707 through resistor 1765. If the system is idle,

trouble recorder idle switch 17TRI reoperates to extend
an idle indication over lead TRI to trouble recorder regis-

ter 17TRR to permit registration of call information for
a subsequent trouble record. However, if the system is

in the process of transferring information at this time,

| switch 8OB1 and switch 8OB in ‘preference controller '
-~ 8PC will be conducting to connect negative potential

source 806 to office busy lead OB, shunting source 1762
from switch 17TRI, thereby preventing switch 17TRI
from operating. This prevents the registration in trouble
recorder 17TRR of partial information on the transfer

operation in progress, which would yield a false trouble.

record. . When the system subsequently becomes idle, re-

moving source 80& from lead OB, smteh 17TRI i is oper— |

ated via the path above-traced.

The operation for effecting trouble release of the call
‘charge determination system and for initiating a trouble
record during the other information transfer operations
is similar to that just described. Each check circuit is

connected via a trouble release lead or leads to the re--
lease switches apphcable to the perticular information -
transfer operation and is connected via trouble recorder

start lead TRST to the trouble recording control circuitry.

Further, charge computer §CGC is connected to trouble

release lead BTR and applies a release signal thereto in
the event that it is unable to determine the charges for
a call.

It is to be understood that the above-described arrange-

ments are but Hllustrative of the application of the princi-

ples of applicant’s invention. Numerous other arrange-

ments may be devised by those skilled in the art without

departmﬂ' from the spirit and scope of the mveutwn
‘What is claimed 1s: | -
1. In a telephone swrtehlng sysiem having a plurahty
of trunk circuits, a plurality of trunk registers individually
associated with respective ones of said trunk circuits,
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means for registering information pertaining to a call

«connection over one of said trunk circuits in the asso-

00

ciated one of said trunk registers, buffer register circuitry,

call charge computation means for translating informa-

tion pertaining to a call connection into charges for said.

call connection, information transfer busses, means in-
cluding said information transfer busses operative upon
termination of a call connection over one of said irunk
circuits for selectively interconnecting the associated one

of said trunk registers with said buffer register circuitry

for transferring call connection information from. said
trunk register to said buifer register circuitry, means in-
cluding said information transfer busses for providing
said eall connection information to said call charge com-

putation means and for registering said charges for said.

call connection in said buffer register circuitry, output

utilization circuitry, and means including said information

transfer busses for providing said call connection infor-
mation and said charges from said buffer register cir-
cuitry to said output utilization circuitry.
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2. In a telephone switching system, the combination in -

accordance with claim 1 wherein each of said trunk regis-

70

ters comprises ‘a plurality of breakdown devices indi- -

vidually interconnected over respective information leads
with corresponding ones of said breakdown devices in
the other ones of said trunk registers. |

3, In a telephone smtehmg system, the cembmatlen in

75
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aecerdance mth claim 2 wherein said means for reglster-

ing information in one of said trunk registers comprises

means for providing said information over said informa-
tion leads to each of said trunk registers and means for
selectively enabling only the breakdown devices in said.
associated ones of said trunk registers t0 reglster said
information. - o | |

4. In a telephone swﬂehmg system, the -eombmatlen in
accordance with claim 3 wherein said information transfer

busses includes sa1d information leads and means con-

nected to said information leads for maintaining sald.
information registered in each of said trunk regISters un-
til the call connectlen over the assecmted trunk mrcult

“has terminated.

5.'In a telepheﬁe smtehmg system a plurahty of call
registers each comprising a plurality of breakdown de-

“vices, individual selector means respectively associated

with each of said call reglsters a plurality of information

transfer conductors- interconnecting corresponding ones-

of said breakdown devices in each of said call registers,
means respenswe to the initiation of a call connection for

“energizing an individual one of said selector means to

select the associated call register, means including said in-

formation transfer conductors for registering information.

pertaining to said call connection on the plurality of break- -
down devices in said selected call register, means con-

nected to said information transfer conductors for main-

taining information registered in said ‘call registers, a
buffer register, means responsive to the tenmination of a
call connection for transferring the information pertain-
ing to said call connection over said information transfer

conductors to said buffer register, means for providing

the charges for said call connection to said buffer register,

output recorder and utilization circuitry, and means for
‘transferring said information mcluswe of said charﬂes
to said output circuitry.

6. In a telephone switching system, the combination in-
accordance with claim § wherein each of said breakdown
devices comprises a gas diode an internal electrode there-
of connected to -one of said mformatlen transfer con-.
ductors. |
7. In a telephone switching system, the cembmatmn
in accordance with claim 6 wherein said individual selec-

tor means respectwely associated with each of said call

registers comprises an electrode externally sititated ad-
jacent each of said gas dledes in sald ass'ecuated call
Lregister

8. In a telephene smtchmg system hevmg a plurahty

of trunk circuits, individual trunk registers associated with -

each of said trunk circuits for registering information per-

‘taining to the establishment of a call connection over

the associated trunk circuit, a buffer register, means re-.
sponsive to the termination of a call connection over a
trunk circuit for transferring the information registered

‘in the trunk register associated with said trunk circuit to

said buffer register and for registering additional infor-
mation in said buffer register pertaining to the termina-
tion of said call connection, charge computation means
for translating information pertaining to the :establish-
ment and termination of a «call connection into charges
for said call connection, means responsive to the regis--

‘tration 1n said buffer register of imformation pertaining

to the establishment and termination of a call connection
for providing said information to said charge computa-
tion means, means for registering said charges for said
call connection in said bu

buffer a'eg1ster inclusive of said charges- to sald outputi |
means.-

9. Ina telephone sw1tehmﬂ system havmg a plurahty of

trunk circuits, individual trunk registers associated with

‘each of said trunk circuits for registering information per-

taining to a call connection over the associated trunk cir-
cuit, said information meludmg the identification of the
calling and called lines and the time of completion of the -

er register, output means, and.
means for providing said information registered in said
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call connection therebetween, information transfer means
common to each of said trunk registers, means operative
in response to the termination of a call connecfion over

one of said trunk circuits for reading out on said informa-

tion transfer means the information registered in the in-
dividual trunk register associated with said one trunk cir-
cuit, buffer register means connectable to said informa-
tion transfer means for registering information read out on
said information transfer means, means operative in re-
sponse to the termination of a call connection over one of
said trunk circuits for registering the time of termination of
said call connection in said buffer register means, call con-
nection charge computation means, oufput information
recording and utilization means, information transfer
means for selectively interconnecting said buffer register
means with said charge computation means and with said
output means.

'10. In a telephone switching system, a plurality of call
register circuits each for registering information pertain-

ing fo the establishment of an individual call connection, -

a clock circuit, means including said clock circuit for se-
lectively registering additional information in individual of
said call register circuits pertaining to the establishment of
said call connections, a plurality of buffer register circuits,
information transfer means for selectively interconnecting
individual of said call register circuits with individual of
said buffer register circuits to transfer said information
and said additional immformation from said individual call
register circuit to said individual buffer register circuit,
means mcludmg said clock circuit for selectively register-
ing information in individual of said buffer register circuits
pertaining to the termination of said call connections,
means for determining the charges for a call connection
and for registering said charges in the individual one of
said buffer register circuits in which the information per-
taining to the establishment and termination of said call
connection is registered, and means selectively connectable
to mdividual of said buffer register circuits for contiguous-
Iy recording all of the information inclusive of charges
pertaining to an individual call connection.

11. In a telephone swiiching system, a plurality of con-
necting circuits for establishing call connections between
calling and called lines, a plurality of call register circuits
individually associated with respective ones of said con-
necting circuits, first information transfer conductors inter-
- connecting said call register circuits, means for providing
information on said first information transfer conductors
pertaining to the establishment of a call connection over

34

ring said information and said charge registered in said
one buffer register over said second and third informa-
tion transfer conductors to said output register means.
12. In a telephone switching system, a plurality of
lines, means including a plurality of connecting circuits
for establishing call connections between said lines, in-
dividual register meas each associated with one of said

~ connecting circuits and responsive to the initiation of a
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call connection over said associated connecting circuit
for registering the identities of the calling and called
lines, means operative in response to the establishment of
a call connection over a connecting circuit for registering
answer time information in said individual register means
associated with said connecting circuif, a plurality of
buffer registers, means operative in response to the ter-
mination of a call connection over a connecting circuit for
transferring the said calling and called line identities and
said answer time information from said individual register
means associated with said connecting circuit to a selected
one of said plurality of buffer registers, means operative
in response to the termination of a call connection for
registering disconnect time information in said selected
buffer register, means for translating said calling and
called line identities and said answer and disconnect time
information pertaining to a call connection info charges
for said call connection, means for registering said charges
for said call connection 1n said selected buffer register,
output means, and means operative in response to the

registration of said charges in said selected buffer register
for transferring said calling and called line identities, said
answer and disconnect time information and said charges

~ to said outpuf means,
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one of said connecting circuits, means for selectively regis- -

tering said information in the individual call register cir-
cuit associated with said one connecting circuit, a plural-
ity of buffer register circuits, means operative for provid-
ing charges for individual call connections, output register
means, second and third information transfer conductors
interconnecting said buffer register circuits, said call con-
nection charge providing means and.said output register
means, transfer connector means operative to interconnect
said first and said second information transfer conductors,
means responsive to the termination of a call connection
over one of said connecting circuits for reading out the
information registered in said call register circuit asso-
ciated with said one connecting circuit and for providing
said information on said first information transfer conduc-
tors, means responsive to said reading out means for
operating said transfer connector means to provide said
information on said second information transfer conduc-

tors, means for selectively registering said information in -

one of said buffer registers, means for providing said in-
formation registered in said one buffer register over said
second information transfer conductors to said charge

| providing means and for operating said charge providing
means; said charge providing means providing the charge

for said call connection on said third information trans-
fer conductors, means for selectively registering said
charge in said one buffer register, and means for transfer-
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13. In a telephone switching system having a plurality
or trunk circuits, an individual register circuit connected
to each of said trunk circuits for registering initial in-
formation pertaining to the establishment of a single call’
connection over said trunk circuit connected thereto, said
initial information including the 1dentities of the calling
and called lines, clock circuit means responsive to the
establishment of a call connection over one of said trunk
circuits for registering an indication of the time and date
selectively in said register circuit connected to said one
trunk circuit, means for maintaining said initial informa-
tion and said time and date indication registered in said
register circuit for the duration of the call connection
over said one frunk circuit, buffer register circuitry, means
operative upon termination of said call connection over
said one trunk circuit for transferring said initial in-
formation and said time and date indication from said
one register circuit to said buffer register circuitry, means
including said clock circuit means responsive to the
termination of said call connection for registering an in-
dication of the time and date in said buffer register
circuitry, a tramslator circuit, means including said trans-
lator circuit for determining the charges for said call
connection and for registering said charges in said buffer
register circuitry, call charge communication equipment,
and means for transferring said initial information, said
time and date indications and said charges from -said
buffer register circuitry to said call charge communica-
tion equipment.

14. In a telephone switching system, a plurality of
call registers each for registering information pertain--
ing to the establishment of an individual call connection,

a clock circuit for providing a continuous indication of
tune and date, buffer register circuitry common to each
of said call registers, first information transfer busses
interconnecting each of said call registers, said clock
circuit and said buffer register circuitry, means including
said clock circuit responsive to the initiation of a call
connection for providing information pertaining to said
call connection on said first information transfer busses,
means for selectively registering said information pro-
vided on said first busses in one of said call registers,
means responsive to the termination of said call con-
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nection for transferring said information pertaining to
said call connection from said one call register over said
first information transfer busses to said buffer register
circuitry, means including said clock circuit responsive

to the termination of said call connection for registering

additional information pertaining to said call connection
in said buffer register circuitry, second information trans-
fer busses connected to said buffer register circuitry,
means for providing said information and said additional
information registered in said buffer register circuitry
on said first and second information transfer -busses,

translator means connected to said first and second in-

formation transfer busses and operative in response to
said information and said additional informaftion for
providing the charges for said call connection over said
second information transfer busses to said buffer register
circuitry, means for registering said charges in said
buffer register circuitry, a recorder, an operators posi-
tion circuit, charge communication equipment, and means
for selectively providing said information, said additional
information and said charges registered in said buffer
register circuitry to said recorder, to said operator’s
position circuit and to said charge communication equip-
ment. | |

- 15, In a telephone switching system, substation equip-
ment including a calling line and charge communica-
tion receiving equipment, a plurality of trunk circuits,

-t
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means for establishing a call connection over one of

said trunk circuits between said calling line and a called
line, a plurality of trunk register circuits individually
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connected te respectwe ones of said trunk circuits and
individually operative to register information  provided
thereto, means operative incident to the establishment of
a call connection from said calling line over one of said
trunk circuits for prowdmg information pertaining to
said call connection in parallel to each of said trunk
register circuits, said information including the identity
of said calling line and an indication that the charges
for a call connection from said line are to be trans-
mitted to said charge communication receiving equip-
ment upon termination of said call connection, means
for operating the individual trunk register :circuit con-
nected to said one trunk circuit to register said informa-
tion therein, a buffer register circuit, means operative
upon termination of said call connection for transferring
said information and additional information pertaining
to said call connection to said buffer register circuit,
means for translating said information and' said ‘addi-
tional information into charges for said call connection
and for registering said charges in said buffer register
circuit, charge communication transmitting equipment op-
eratively linked to said receiving equipment in said sub-
station equipment, and means responsive to said indica-

~tion 1n said information for providing said information

inclusive of said charges to said transmitting equipment
and for operating said transmitting equipment. |
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