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United States Patent O

2,767,246
Patented Qct. 16, 1956

CcE

1

2,767,246
AUTOMATIC MESSAGE ACCOUNTING SYSTEM

Jobn B. Retallack, New York, N. Y., assignor to Beil
Telephone Laboratories, Incorporated, Wew York,
N. Y., a corporation of New York

Original appiication Sepiember 4, 1947, Sevial No.
772,692, now Patent No. 2,635,092, dated May 19,
1953. Divided and this application Januvary 4, 1952,
Serial No. 264,509

4 Claims, (Ci. 179—7.1)

This invention relates to telephone exchange systems
and more particularly to automatic message accounting
equipment for such systems.

Circuits have heretofore been proposed for automati-
cally preparing records for short-haul toll calls which
may be used for enabling bills to be prepared for trans-
mission to subscribers for all toll calls made during a
billing period. Two types of automatic ticketing cir-
cuits have been proposed, the first employing a ticket
printer associated with a trunk employed in the estab-
lishment of the toll connection, which printer prints
on a ticket all of the call data that may be required
for ticketing the call. Such a system is fully disclosed,
for example, in the application of J. W. Gooderham,
Serial No. 448,782, filed June 27, 1942, and in Patent
2,447,533, granted August 24, 1948, to J. B. Retallack.
The second type of system employs a magnetic tape
recorder which records all of the call data. A system
of the latter type is disclosed in my copending applica-
tion, Serial No. 772,091, filed September 4, 1947.

The toll ticket or tape has printed or recorded thereon
the office code and numerical digits of the calling line
designation, the class of the calling line, the office code
and numerical digits of the called line designation, the
charge rate for the cail determined from the office
zones in which the calling and called lines are located,
digits indicative of the total elapsed time in minutes of
the conversation, and may also have digits indicative
of the month, day, hour, minute and fractional minute
of the time when the particular call was made and digits
indicative of the numbers of the sender and identifier
used. If the tickets are printed, they may be sent to
the central accounting office to enable the accounting
office to prepare the usual bill for service as is now
done with tickets manually prepared by toll operators.

The next logical step is the production of toll tickets

or records which are capable of controlling billing or
accounting devices to automatically prepare a bill suit-
able for mailing to a subscriber. In a system in which
a toll ticket is printed it would be possible to modify
the ticket printer so that in addition to printing the nu-
merical data appertaining to a toll call, it would simul-
taneously print code data on the ticket corresponding
to each item of numerical data whereby the ticket when
submitted to an electronic scanner might, through the
operation of the scanner, control suitable accounting
apparatus. Such an electronic scanner has been dis-
closed in Patent 2,417,427, granted March 18, 1947, to
R. F. Massonneau. If the call data are recorded on a
tape magnetically, the tape may be read by a magnetic
scanner to control accounting apparatus.

Auntomatic billing may be on either a bulk or on a
detailed basis. If on a detailed basis the electronic or
magnetic scanner will scan each of the tickets or records
made during a billing period at any or all offices of an
exchange area to make registrations of the data recorded
on each ticket or record scanned, from which a compu-

tation of the money charge for the call is computed and:
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a card punching machine is operated to punch a card
corresponding to each toll call. The card would have
punched thereon all of the necessary data relating to
the call including the computed money charge necessary
for billing the call. All of the cards thus prepared raay
then be sorted by an automatic sorting machine in ac-
cordance with the subscriber’s account and a stack of
sorted cards may then be submitted to an automatic
billing machine. If the bulk billing basis is to be nsed
the printed tickets may first be submitted to an electronic
scanner which controls a sorting mechanism to sort
the tickets into stacks in accordance with the subscribers’
accounts. The stack of tickets appertaining to a sub-
scriber’s account is then submitted to another scanning
device which controls computing mechanism to com.
pute the individual charges for the separate calls in terms
of message units, to add the computed individual charges
and to add to that total the total message units for all
local calls made during the billing period whereby a
teletypewriter may be controlled to prepare a bill for
the subscriber’s account in which the charges are all
billed in terms of message units.

It is an object of the present invention to enable the
transfer of ticketing information from the ticket print-
ing or recording mechanism of an originating office to
receiving equipment of a centralized accounting office.

A further object of the invention is to enable the trans-
fer of ticketing information to-a centralized accounting
office by voice frequency signals.

The present invention is illustrative of circuits where-
by a magnetically recorded record of a toll call may be
transferred to a receiver at centralized accounting office,
registered therein, and whereby from the data registered
in the receiver computations of the money charge for
the call may be computed for controlling a card punch-
ing mechanism to punch a card for the call, which card
will then be capable of use in an automatic billing ma-
chine. It is, however, to be understood that the equip-
ment at the centralized accounting office disclosed here-
in could be controlled by signals transmitted thereto by
an electronic scanner employed to scan the code marks
on a printed ticket.

Certain . of the subject-matter herein disclosed pertain-
ing to the computing and billing apparatus at the central-
ized accounting office is claimed in my applicaticn Serial
No. 772,092, filed September 4, 1947, of which this ap-
plication is a division.

In general, the circuits of the present invention func-
tion to attain the hereinbefore enumerated objects in the
manner now set forth. As soon as all of ihe data relating
to a toll call have been recorded on the tape of the mag-
netic recorder, the ticketing trunk to which the recorder
is individual is connected over an interoffice trunk circuit
with an idle receiver at the centralized accounting office.
As soon as the idle receiver becomes connected to the
ticketing trunk and recorder, the data on the recorder tape
are transmitted over the interoffice trunk by voice fre-
quency signals, the several items of informaticn including
the office code and numerical digits of the calling sub-
scriber’s directory number, the tens and units digits of
the sender number used in establishing the connection,
the number of the calling line identifier used, the office
code and numerical digits of the called subscriber’s direc-
tory number, the class of the calling line, the rate at which
the call is to be charged and the tens and units digits
of the elapsed conversational time. If required, and the
tape has recorded thereon the data concerning the month,
day, hour and minute when the call was made, such data
may also be transferred to other digit registers of the
receiver. It is, however, more economical to secure the
data as to the time when the call was made from equip-
ment which may be made common to the receiving cir-
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cnits at the accounting office. It will, of course, be ob-
vious that the registered data of the sender and identifier
numbers may be punched in a toll card only for the use
of a maintenance man and that such data would not be
printed on the subscriber’s bill. When all of the data
has been transferred to the receiver and the ticketing
trunk is signaled to that effect, the connection to the ac-
counting office is then released. The ticketing trunk is
then made available for use on another toll call and the
record on the tape of the associated recorder becomes
erased. :

The charge rate for the registered toll call may be
determined directly from the charge rate register of the
receiver if such charge rate was transferred thereto from
the ticket record tape, or may be determined from the
office code digits of both the calling and called line num-
bers as registered in the receiver. This is accomplished
by the operation of a calling zone relay operable in ac-
cordance with the three registered office code digits of the
calling subscriber’s line number, by the operation of a
called zone relay operable in accordance with the three
registered office code digits of the called subscriber’s line
number and by the operation of a route charge relay
under the joint control of the calling and called line zone
relays. If required, the charge condition as determined
by the operation of the route charge relay may be further
modified in accordance with the class of service to which
the calling line is entitled as registered in the class of ser-
vice register of the receiver. When it is required that the
place name of the called line be printed on the bill to
be prepared, a place name relay may be operated at the
time the called zone relay is operated.

With the tens and units elapsed time registers of the
receiver operated and the route charge relay operated, a
subtracting circuit is operated to subtract the prescribed
initial period of conversation which may, for example,
be three, four or five minutes; from the total registered
elapsed minutes of conversation to determine the overtime
minutes of conversation. The overtime minutes of con-
versation are then divided by a dividing circuit by one,
two, three or five dependent upon the prescribed dura-
tion of each overtime period of conversation, as deter-
mined by the operated route charge relay, to determine
the number of periods of overtime. Having determined
the number of periods of overtime, such data are applied
to a multiplying circuit which multiplies the number of
overtime periods by the price set for each period as de-
termined by the route charge relay, which price may, for
example, be five or ten cents for each period. The charge
for the overtime periods of conversation as determined in
dollars, dimes and cents is then applied to a further add-
ing circuit which adds thereto the charge for the initial
period of conversation which may be five, ten, fifteen,
twenty, twenty-five, thirty or thirty-five cents as deter-
mined by the operated route charge relay so that the
output from this adding circuit gives the total charge
in dollars, dimes and cents for the total period of conver-
sation. ‘'This output is then applied to a progress circuit
which, at the proper time, will operate punch magnets
of a card punching machine to punch holes in a card
representing the money charge for the toll call.

If a Federal tax is to be assessed for the call the out-
put from the total charge determining circuit is divided
by fifty to determine the number of fifty-cent increments
of the charge subject to the tax and is then multiplied by
five to determine the amount of tax to charge for the
call on the basis that if the total charge is less than twenty
cents no tax is assessed, but if the total charge is over
twenty-five cents a tax of five cents will be assessed for
each fifty-cent increment of the total charge. The out-
put in dollars, dimes and cents of tax is then applied to
the progress circuit which at the proper time will operate
punch magnets of the punching machine to punch holes
in a toll card representing the money charge for the Fed-
eral tax.
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A progress circuit associated with the receiver is in-

" strumental in enabling the punch magnets of the punch-

ing machine to punch the toll card to record in the proper
order the items of information which are to appear on
the printed bill to be supplied to the subscriber who has
made the toll call.

The invention having now been described in a general
manner, reference may be had for a more comprehensive
understanding thereof to the following detailed descrip-
tion when read in connection with the accompanying
drawings in which:

Fig. 1 shows schematically an originating office of an
exchange area equipped for auntomatic ticketing compris-
ing a ticketing trunk represented by the rectangle in the
right portion of the figure accessible over line-finders and
selector switches from subscribers’ lines, a rectangle rep-
resenting an identifier by which the identity of a caliing
line may be determined and recorded on the ticket tape
recorder of the trunk, and rectangle representative of a
central office sender controllable by digit impulses dialed
thereto from a calling line for establishing a desired toll
connection and for causing such called line number to
be recorded on the ticket tape recorder of the trunk;

Figs. 2 and 3 taken together show a trunk circuit for
associating the ticketing trunk of Fig. 1 with an idle re-
ceiving circuit and associated computing circuits at a
centralized accounting office disclosed in Figs. 4 to 21,
inclusive. The trunk circuit has access to ticketing
trunks over the trunk finder disclosed in Fig. 2 and to
an idle receiver and computing circuit over the finder of
Fig. 3;

Figs. 4 and 5 taken together show the voice frequency
receiving channels of the receiver;

Fig. 6 shows a beginning-of-record register and the A
and B calling office code registers of the receiver;

Fig. 7 shows the C calling office code register and the
registers for registering the thousands and hundreds digits
of the calling line number;

Fig. 8 shows the registers for registering the tens and
units digits of the calling line number and the tens and
units digits of the number of the sender used in the
connection;

Fig. 9 shows the register for registering the number of
the identifier used on the connection and the A and B
called office code registers;

Fig. 10 shows the C called office code register and the
registers for registering the thousands and hundreds digits
of the called line number;

Fig. 11 shows the registers for registering the tens and
vnits digits of the calling line number and the class of
the calling line;

Fig. 12 shows the registers for registering the charge
rate and the tens and units digits of the elapsed time of
conversation;

Fig. 13 shows the end-of-record register and the prog-
ress switch for controlling the punch machine to punch
the registered and calculated data in the reguired order
in a toll card;

Fig. 14 shows the cailing office code translator and
calling zone, class of service and route charge relays;

Fig. 15 shows the called office code translator and
called zone and place name relays;

Fig. 16 shows a portion of the subtracting circuits of
the computer whereby any one of a plurality of pre-
scribed initial periods of conversation may be subtracted
from the total period of conversation;

Fig. 17 shows in the left portion thereof the remainder
of the subtracting circuits and in the right portion thereof
the circuits for dividing the output of the subtracting
circuits by three to determine the number of three-minute
overtime periods;

Fig. 18 shows the circuits of the computer for dividing
the output of the subtracting circuit by one, two or five to
determine the number of one, two or five-minute over-
time periods;
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Fig. 19 shows the circuits of the computer for multi-
plying the outputs of the dividing circuits of Fig. 17 or
18 by five or ten to determine the charge in dollars, dimes
and cents for the overtime periods of conversation;

Fig. 20 shows the circuits for computing the charge for
the initial period of conversation and for adding it to the
charge for the overtime periods of conversation as de-
termined by the circuits of Fig. 19;

Fig. 21 shows in the upper portion thereof some of the
relays of the progress circuit of Fig. 13 and in the lower
portion thereof circuits for computing the tax to be
assessed for the total charge for the call; and

Fig. 22 is a diagram showing how the several figures
of the drawings should be arranged to completely disclose
the invention.

The circuits and apparatus schematically disclosed in
Fig. 1 by which a record is secured for accounting pur-
poses on all short haul toll calls is.of the general type
fully disclosed in the application of J. W.. Gooderham
hereinbefore referred to but modified for magnetic re-
cording as disclosed in-my copending application, Serial
No. 772,691, filed September 4, 1947,

The trunk circuits shown in Figs. 2 and 3 by which
any one of a plurality of ticketing trunks may be con-
nected with an idle receiving and computing circuit at a
centralized accounting office, may be of the type dis-
closed in Patent Mo. 1,780,906, granted November 11,
1930, to W. W. Carpenter and R. E. Hersey. The inter-
office trunk circuit terminates at the originating office in
a step-by-step trunk finder 250 of the Strowger type which
has access to one hundred ticketing trunks grouped into
ten groups of ten trunks each. This trunk finder is
started in search of a ticketing trunk which has a toll
ticket record for transmission to the centralized account-
ing office when the toll record has been completely re-
corded by the ticket tape recorder of the trunk. The
interoffice trunk terminates at the centralized accounting
office in a step-by-step rotary switch 350 of a well-known
type having no definite normal position but always re-
maining standing when idle on the terminals of the re-
ceiving and computing circuits last used. If the originat-
ing office is quite remctely removed from the centralized
accounting office an amplifier of any suitable type may
be interpolated in the tip and ring conductors of the inter-
offics trunk as indicated by the box 360.

For receiving the voice frequency signals by which the
toll call data is transmitted from the ticket tape recorder
of a ticketing trunk, each receiving and computing circuit
at the accounting office is provided with an amplifier and
detector circuit disclosed in Fig. 4 and a check circuit
shown in Fig. 3 for checking the accuracy of the received
signzl impulses. These circuits may be of the general
type disclosed in Patent No. 2,332,912, granted. Cciober
26, 1943, to G. Hecht, A. A. Lundstrom and E. R. Taylor.
The registers shown in Figs. 6 to 13, inclusive, are of the
ccnventional relay type settable in response to received
impulses.

Progress switch 1350 disclosed in Fig. 13 is of the
step-by-step rotary type which is advanced step by step
under the control of its stepping magnet 1351 and step-
ping relay 1352 to successively associate the registers of
the receiving circuit and portions of the computer circuit
with terminals of the connecting rack 2106 of Fig. 21
which are connectable to the punch magnets of a card
punching machine (not shown) of any suitable type.

The translator circuits disclosed in Figs. 14 and 15 are
of the well-known type employed in the decoders of panel
type exchange systems, such, for example, as fully dis-
closed in Patent No. 1,862,549, granted June 14, 1932, to
R. Raymond and W. J. Scuily,

Ticket recording

The invention having now been briefly described; the
manner in which the detailed data of a toll call is re-
corded on the tape of a ticket tape recorder, transferred

10

15

20

26

30

40

565

60

65

70

76

6
to the accounting office and translated into data suitable
for use by a toll card punching machine so that such card
may be used in an automatic billing machine, will now
be described in more detail.

It will be assumed that the calling subscribed at sub-
tation 106 of Fig. 1 whose directory listing is AUdiben
3-9096 desires a toll connsction with a subscriber’s line
listed in the directory as MArket 7—1345 and initiates the
call by removing the receiver at his subset from the switch-
hook. In response to the removal of the receiver, the
line finder 187 is started to find the terminals of the call-
ing linc and when a connection is established from the
first selector trunk 102 to the calling line, the usual dial
tone is transmitted to the calling subscriber. Thereupon
the calling subscriber dials the number of the wanted
subscriber’s line.

In response to the dialing of the first three office code
digits M, A and 7, it will be assumed that the first selector
183 is stepped to the sixth bank level and then hunts for
an idle second selector trunk in such level, that the se-
lected second selector 104 is then stepped to its second
level and hunts for an idle third selector trunk in such
level and that the selected third selector 185 is then
stepped to its seventh level and hunts for an idle auto-
matic ticketing trunk in such level. It will be further
assumed that the automatic ticketing trunk represented by
the box 186 of Fig. 1 is thus selected and through an idle
sender-trunk-finder 107 becomes connected with an idle
sender represented by the box 188. The thousands digit
of the called line designation dialed by the calling sub-
scriber becomes registered in. a register associated with
the ticketing trunk and the remaining called line digits
become registered in the sender. As soon as one digit
becemes registered in the sender, the sender seizes an
idle calling line identifier represented by the box 169 over
the sender-identifier-connector 119. When the identifier
is seized, it establishes additional circuits with the ticket-
ing trunk over the identifier-trunk-connector 111 and pro-
ceeds to recomstruct the called office code digits dialed
by the calling subscriber to reach the tickeiing trunk and
to cause the entire called line number to become regis-
tered in the sender. The identifier also proceeds to iden-
tify the calling line and to cause the directory number of
the calling line to be registered in the sender. When the
sender has secured the calling line number and class
from the identifier, has registered the called line number
and determined the rate to be charged for the call, it con-
nects with the ticketing trunk over a sender-trunk-con-
nector 112 and proceeds to iransfer the calling line num-
ber, the called line number, a digit representative of the
class of the calling line, a digit representative of the rate
to be charged, and digits representing the number of the
sender and the number of the identifier used, to the ticket-
ing trunk for magnetic recording on the tape of the ticket
recorder 113,

In the meantime the sender has proceeded to control
selector switches to extend a connection from the ticket
ing trunk to the line of the called subscriber in accord-
ance with the called line number registered in the sender.
As soon as the called subscriber answers the elapsed time
register 114 of the ticketing trunk is operated to start the
registration of the elapsed time of the conversation and
such register continues in operation until the called sub-
scriber hangs up to terminate the conversation. There-
upon the lapsed time in minutes is transferred to and
recorded on the tape of the tape recorder 113.

The operations just described are performed in the
manner fully set forth in the Gooderham application here-
inbefore referred to as medified for tape recording as
described in my copending application hereinbefore Te-
ferred to. The data recorded on the tape of recorder 133
will be in the form of composite waves representing the
several digits of the recorded data. Such recorded digits
for example, being as follows:

* ¥ 283-9096-000-627-1345-32-16 * *
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where the digits 283-9096 represent the calling subscriber’s
number; the digits 000 represent the sender No. 00 and
the identifier number 0; the digits 627-1345 represent the
called subscriber’s number; the digits 52 represent the
calling line class 5 and the rate of charge 2 and the digits
16 represent 'sixteen minutes’ elapsed time of the con-
versation.

Starting an interoffice trunk to hunt for the ticketing trunk

_As soon as. the recording of the elapsed time has been
completed and the tape recorder is thus ready tc transmit
the toll call data, a start circuit is established for starting
an idle interoffice trunk in search for the ticketing trunk
and in search for an idle receiving and computing circuit
at the accounting office. This start circuit may be com-
mon, for example, to a group of ten trunks and exiends
from ground at the ticketing trunk, over cenductor 135
to battery through the winding of group relay 286 of the
trunk circuit which has first choice access to the group of
trunks in which the ticketing trunk 195 is located. Relay
289 upon operating places greund over its upper contacts
upon segment 281 of the group commutator of the trunk
finder 250, corresponding to the bank level in which the
ticketing trunk appears, in the case assumed the first or
lower most segment, and at its lower contacis establishes
a circuit from ground at the back contact of relay 292,
over the lower contacts of relay 209, over the lower nor-
mal contacts of make busy jack 263, conductor 264, the
lowermost back contact of telay 360 to battery through
the winding of relay 361. Relay 301 energizes in this
circuit and establishes a circuit for relay 362 extending
from ground over the lower front contact of relay 301, the
inner lower back contact 'of relay 383, conductor 304,
the back contacts of vertical magnet 285 and rotary mag-
net 206 of trunk finder 258, conductor 385 and to battery
through the upper winding of relay 362.

With relay 302 operated a circuit is now established for
the vertical magnet 285 of the trunk finder 258 which may
be traced from battery through the winding of magnet
205, conductor 306, the lower back contact of relay 307,
contacts of relay 392 and to ground at the inner upper
back contact of relay 386. Magnet 205, upon operating
opens at its back contact the circuit of relay 382, where-
upon relay 382 in turn releases opening the circuit of
magnet 2085, Thus magnet 265 and relay 362 reciprocally
control each other to cause the magnet 265 to step the
brushes of trunk finder 250 vertically step by step until the
commnutator brush 207 engages the grounded segment 281.
When this occurs a circuit is established for relay 397
extending from ground cn brush 247, over conducior 298,
over the upper back contact of relay 308, through the
upper winding of relay 307, conductor 388, the back
contact of rotary magnet 206, conductor 393 and to bat-
tery through the upper winding of relay 382. Relays 302
and 397 operate in this circuit, relay 397 locking over its
lower winding and inner lower front contact, inner lower
back contact of relay 399, conductor 362 tnd to ground
at the lower alternate contacts of vertical cff-normal
springs 289, which springs closed when the trunk finder
250 took its first vertical step off normal. Relay 307 at
its lower back contact also opens the operating circuit of
the vertical magnet 285. With both relays 392 and 367 en-
ergized, a circuit is now established for the rotary magnet
206 extending from battery through the winding of magnet
266, over conductor 310, the loweérmost front contact of
relay 207 and contacts of relay 322 to ground at the inner-
most upper back contact of relay 360. Magnet 286, upon
energizing, opens at its back contact the previcusly traced
circuit extending through the upper winding of relay 392,
whereupon relay 382 deenergizes in turn opening the cir-
cuit of magnet 286. Thus magnet 286 and relay 332
reciprocally control each other to cause magnet 266 to
step the brushes of finder 250 over the terminals of the
first bank level to which they were previously raised until
the set of terminals is reached to which the ticketing trunk
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106 is connected. Thereupon a circuit is established from
battery through the winding of a relay in the trunk (not
shown) over conductor 116, bank terminal 219, brush
211, conductor 212, upper contacts of relay 381, winding
of relay 311 and to ground through the lower winding of
relay 382. Relays 302 and 311 operate in this circuit,
relay 311 closing-an obvious circuit for relay 303 and a
locking circuit for relay 301 extending from battery
through the winding and inner lower contact of relay 391,
over the lower contacts of relay 311 to ground at the
intermediate lower normal contacts of relay 312 for hold-
ing relay 301 operated after relay 380 operates as later
discussed. Relay 383, upon operating, closes at its inner-
most upper contacts a shunt around the lower winding of
relay 382 causing the release of relay 382, closes at its
Jower front contact an obvious cperating circuit through
the upper winding of relay 360 and at its lower inter-
mediate contacts prepares a circuit for relay 312. Relay
390, upon operating, locks from off-normal ground on
conductor 389, over its innermost lower front contact and
lower winding, conductor 313 and to battery at the back
contact of relay 213 and at its uppermost back and inner-
most lower back contacts opens the initial operating and
locking circuits of relay 367. Relay 307 thereupon re-
leases. At the trunk circuit the relay operated in series
with relays 302 and 303 opens the group start circuit
over conductor 1315 thereby releasing group relay 200 if
there is at the time no other trunk in the same group
waiting to be comnected to the accounting office.

Hunting for an idle receiving and accounting circuit
[=3

At the time relay 301 operated, immediately following
the starting of the trunk circuit, a circuit was also estab-
lished for relay 314 extending from battery through the
winding of relay 314, over the lower back contact of test
relay 315 to ground at the lower front contact of relay
361, At its upper front contact, relay 314 establishes a
saturating circuit for the test relay 313 which may be
traced from battery through the lower winding of relay
315 over the. upper contacts of relay 314, through the
middle winding of relay 315 to ground at the lower front
contact of relay 301. Relay 315 doses not, however, be-
come: energized sufficiently to attract its armature. At
its lower contacts relay 314 establishes a circuit for the
stepping relay 316 of the finder 350 which extends from
battery through the winding of relay 316 over the back
contact of stepping magnet 317, the lower contacts of
relay 314 and to ground at the upper back contact of test
relay 315. Relay 316, upon energizing, connects the
winding of stepping magnet 317 to ground at the upper
back contact of relay 315 wherenpon magnet 317 energizes
opening the energizing circuit of stepping relay 318
Magnet 317 and relay 316 thus reciprocally control each
other thereby advancing the brushes of the finder 35¢ step
by step in search of an idle receiving circuit. As soon as
the terminal set is reached to which an idle receiving cir-
cuit is connected, a circuit becomes established for test
relay 315 extending from ground through the middle
winding of test relay 315, the upper front contacts of
relay 314, the lowermost back contact of relay 312, the
upper winding of relay 315, the innermost upper contacts
of relay 301, brush 318, conductor 319, back contact of
relay 468, and through resistance 481 to battery. Relay
315 now receiving current through all of its windings
operates quickly, locking in a circuit extending from
ground over its upper front contact and through its upper
winding, thence as traced to battery at the back contact
of relay 400, opening at its upper back contact the operat-
ing circuits of relay 316 and magnet 317 and opening at
its lower back contact the operating circuit of relay 314.

After an interval measured by its slow-releasing char-
acteristic, relay 314 deenergizes and if at this time the
trunk finder has completed its operation and relay 383 has
operated, a circuit is established for relay 312 extending
from battery through the winding of relay 312, the lower
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intermediate contacts of relay.303; the intermediate lower
back contact of relay 312, the upper-back contact of relay
314, the lower front contact of relay 315 and to ground
at the lower front contact of relay 301. Relay 312, upon
energizing, closes a holding circuit for itself extending
from battery through its winding and its next-to-inner-most
lower contact to ground at the intermediate upper contacts
of relay 303; opens, at its intermediate lower back con-
tact, its own initial operating circuit; transfers the locking
circuit of relay 301 from direct ground to ground over the
upper back contact of relay 314, the lower front contact
of relay 315, and the lower front contact of relay 301;
connects brushes 214 and 215 of finder 250 over con-
ductors 229 and 238 to the input of amplifier 36%; estab-
lishes a circuit extending in parallel through the windings
of relays 324 and 325, over the upper contacts of relay
312, brush 326, conductor 327, through the left and inter-
mediate windings of relay 402, over-the left normal con-
tacts of relay 497 and to ground at the left back centact
of relay 403; and at its next to upper contacts connects
battery through the high resistance 333, the back contact
of relay 324, conductor 334, brush 223, bank terminal 224
and conductor 119 through the winding of a relay (not
shown) in the ticketing trunk for the purpose of marking
the ticketing trunk as busy so long as the trunk finder 250
is engaged therewith. Relays 325 and 402 operate in the
circuit just traced, but relay 324 being marginal does not
operate. At its upper contacts, relay 325 bridges the
upper contacts of relay 301'in the holding circuit of relay
311 to hold the lafter relay operated following the release
of relay 381 and at its lower contacts establishes the circuit
of slow-to-release relay 333 which operates and establishes
an alternate holding circuit for relay 312 for holding relay
312 operated following the release of relay 303.

Should a second ticketing trunk of the same group be
selected at this time with relay 300 operated and relay
3067 unoperated, and the group relay 200 reoperated,
relay 288 will again make the lowermost commutator
terminal 207 busy as before described but will now
start the trunk finder normally having first choice access
to the group of trunks in the first level of its bank and
in the second level of finder 250. The start circuit ex-
tends from ground at the back contact of relay 203,
over the lower contacts of relay 200, lower normal con-
tacts of jack 203, conductor 204, the lowermost con-
tacts of relay 390, the innermost upper back contact of
relay 307, conductor 328, the lower normal contacts of
jack 226, thence through the winding of the relay of the
interoffice trunk circuit corresponding to relay 301. Since
the commutator segment and bank multiples are slip
multipled in the well-known manner, the trunk finder
started will step vertically to the second bank level when
it will be arrested by its' commutator brush, correspond-
ing to brush 207, engaging the second segment of its
commutator which is multipled to segment 201. In a
similar manner should other trunks in the same group
be placed in a calling condition, the operation of group
relay 266 will be instrumental in starting succeeding trunk
finders which normally have first choice access to other
groups of ticketing trunks. This starting arrangement
is in accordance with well-known so-called “paddle wheel”
start circuit arrangement.

At the receiving circuit of Fig. 4 the operation of
relay 402 establishes an obvious circuit. for the off-
normal relay 404 which, in turn, establishes an obvious
circuit for relay 400. Relay 400 thereupon operates and
removes battery from the previously traced circuit ex-
tending through the windings of test relay 315 in the
interoffice trunk circuit, which test relay releases in turn
opening the locking circuit of relay 361 which also re-
leases. Relay 404 upon operating connects ground at
its outer right contacts, over conductor 405 to the ground
bus bar GD; connects battery over its middle left con-
tacts to battery bus bar BAT2; connects battery over
its outer left contacts to battery bus bar BATI and es-
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tablishes a circuit from ground over. its outer right cor-
tacts, the right back contact of relay 403, conductor 406.
and serially through the windings of transfer relay 600-
and progress relay 601. Relays 600 and 601 operate
preparatory to registering a beginning of record registra-
tion.

Relay 600 upon operating locks itself and relay 601 to
the ground bus bar GD and over its inner left contacts es-
tablishes a circuit from ground on bus bar GD, serially
through the windings of transfer relay 610 and progress:
relay 611 which, in turn, operate. Similarly, relay 610
locks itself and relay 611 to ground bus bar GD and
establishes an operating circuit for transfer relay 620 and
progress relay 621. In the same manner the remaining
transfer relays 700, 720, 740, 800, 820, 840, 860, 900,
920, 940, 1000, 1020, 1040, 1100, 1120, 1140, 1200,
1220, 1240, and 1300 and the remaining progress relays
701, 721, 741, 801, 821, 841, 861, 901, 921, 941, 1001,
1021, 1041, 1101, 1121, 1141, 1201, 1221, 1241 and
1301 are operated and locked to the ground bus bar GD.

The receiving circuits are now ready to receive signal
impulses of voice frequencies transmitted from the tape
recorder of the ticketing trunk. The signals transmitted.
are combinations of two out of six frequencies according

to the following table:
Character Frequen-
cles

O a, b
) S e, d
P | b,d
R d, e
A b,e
G LT ¢, d
6. a, ¢
7. b, c
8. c e
O . a, e
KP and beginning of record .______________ .. e f
Ead ofrecord .. __________ [T TTTTTTTTTTTTTTTTTTTT e f

The receiving circuits comprise a_volume limiter VL,
a “signal present” channel including the transformer
SPT, vacuum tube S, a polarized relay SPR and asso-
ciated circuits; a- plurality of receiving channels one for
each frequency in the entire signal band a . . . f, each of
which comprises a band pass filter BPF, a vacuum tube T
and a polarized relay R such as, for instance, a channel
reserved for frequency a which is made up of band pass
filter BPFa, a vacuum tube Ta, and a relay Ra; the “key
pulse” signal circvit comprising relays KP1, KP2 and
KP3 and associated circunits which operate in response to
the initial operation of relay Re, Rf of the channels re-
served for frequencies ¢, f respectively when a begin-
ning of record signal KP is transmitted to the receiving.
circuit; and a check circuit comprising relays CK1, CK2
and CK3 and associated networks which operate in the
manner hereinafter set forth to check the impulses as
they are received by the various channels affected by the
frequencies in the signal impulses.

The alternating current signals from the transmitting
magnet of the tape recorder are transmitted over a loop
circuit including conductors 117 and 118, bank termi-
nals 227 and 228 and brushes 214 and 215 of trunk
finder 250, conductors 229-and 230 and the upper con-
tacts of relay 312, to the input of amplifier 360, are
amplified by the amplifier 360 and applied over. brushes
329 and 330 of finder switch 350 and conductors 331
and 332 to the input of the receiving circuit of Fig. 4.
The input elements of the receiving circuit comprise the
adjustable pad AP, which is a means for adjusting the:
sensitivity of the receiving circuit to the minimum re-
quirement since, by keeping the sensitivity as low as
possible the likelihood of false operation on. currents
which may be produced by noise is materially reduced;
the- high pass filter HPF; the terminating resistance IN,
the: center tap of which is grounded; and the input trans-
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former IT, the input winding of which is connected to

the terminals of resistance IN and the output winding of
which is connected to the common terminal of resist-

ance RG1 and paralleled condenser CG1 and the com-

mon terminal of resistance RG2 and paralleled con-
denser CG2. The other common terminal of resistance
RG1 and condenser CG1 is in turn connected to control
grid G1 of vacuum tube L1 while that of resistance RG2
and condenser CG2 is connected to control grid G2 of
tube 1.2, The mid tap of the output winding of trans-
formeér IT is comnected through resistance L3 to the
cathodes of tubes L1 and L2. High pass filter HPF at
the receiver input is employed to suppress the unwanted
frequencies below the signaling frequency band which
may- be present in the incoming signals.

The volume limiter VL comprises the pentode vacuum
tubes L1 and L2 and their accompanying input and out-
put circuits. The tubes are operated in the well-known
push-pull relationship with their respective anodes con-
nected together by means of retardation coil L and
connected through the blocking condenser BC to -the
resistance network comprising resistances N1 to N5, in-
clusive. Anode potential is supplied to the anodes of
the tubes from the anode battery BAT3 through the two
sections of retardation coil L. The volume limiter pro-
vides adequate amplification of the incoming alternat-
ing current impulses to cause operation of the desired
channels but limits its output signal voltage to such
a value that channels other than those intended to be
responsive to the frequencies in the signal will not oper-
ate on the-transient currents generated at channel filter
outputs of filters BPFa . . . BPFf by said signals when
they start and stop. - :

The limiting action of the volume limiter VL is ob-
tained by means- of-the conmtrol grid resistances and
condensers RG1, CG1 and RG2 and CG2, which re-
sistances and condensers cause the :grid bias to become
more negative when the alternating signal voltage on
the control grids becomes high enough to cause them
to draw current during the positive half waves. When
this condition is reached the power output of the limiter
becomes approximately constant regardless of further
increases in the control grid voltage. The actual point
at which limiting occurs is controlled by the bias voltage
on the screen grids SG1 and SG2 by the bias voltage on
the control grids and by the inherent limitation in maxi-
mum anode current with zero control potential and par-
ticular screen -grid -and plate potentials. The desired
value of bias potential for the screen grids is obtained
from -the potential divider comsisting of resistances P1
and P2 bridged across the battery source BAT3. The
control grids G1 and G2 are held negative in the normal
condition by the voltage drop across the cathode re-
sistance L3. o :

‘The output of the limiter VL is divided into two parts
by the resistances N1 and NS3. - The voltage across re-
sistance N1 is applied to the “signal present” circuit
which, as before stated, comprises the input transformer
SPT, vacuum tube S and polarized relay SPR. This
circuit responds to the small voltage generated across
resistance N1 in consequence of any signal transmitted
from the tape recorder; which signal, being stepped up
by the input transformer SPT, is applied to the grid of
the pentode vacuum tube S which functions as a rectifier
by virtue of the normal positive grid bias and because
of the resistance SPg in its control grid circuit. The sig-
nal voltage across resistarice N5 is passed - through the
resistance network comprising resistances N2,” N3 and
N4 to the inputs of filters BPFa . . . BPFf which act
to separate the signaling frequencies into the bands cor-
responding to the mid-band frequencies a, b, ¢, d, ¢, f;
respectively.

. The resistance network N2, N3 and N4 serves a three-

fold purpose (1) it provides attexiuaﬁon to afford the
desired ‘relationship between channel sensitivity and the
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output of the volume limiter VL; (2) it affords a rela-
tively constant impedance termination between the filters
and the widely varying output impedance of the volume
limiter; and (3) it attenuates transient disturbances re-
flected back from the filters to such an extent that they
do not cause objéctionable chatter of relay SPE

The control grid of tube S is normally held positive by
the voltage obtained from the potential divider compris-
ing resistances P4 and PS5 bridged across the battery
BAT3. This positive bias, together with the reduced
screen grid voltage obtained by the use of resistance
SPR1 connected to the screen grid of tube S, improves
the operation of the circuit and reduces the effect of tube
variations. Condenser SPZ serves to by-pass the alter-
nating current around resistance SPR1. Relay SPR has
its secondary or bias winding (S) connected into the
plate circuit of tube S, while its primary or operate wind-
ing (P) is connected to the battery BAT3 through the
fow resistance filtering retard coil FLT. When there
is no signal present on the incoming trunk and therefore
no signal voltage is being applied to the control grid of
the tube S, the plate current flowing through the bias
winding of relay SPR is sufficiently large to overcome the
effect of the current in the operate winding and the relay
armature remains in the normal position disclosed. But
when an alternating current signal is applied to the con-
trol grid of tube S, the plate current is reduced due to the
change in the potential on the grid, and the current
through the operate winding (P) of relay SPR overcomes
the reduced current through the winding (S) and the
relay operates to move its armature into engagement
with its upper contact.

The plate circuit of tube § includes retardation coil
SP1 and condenser SPCN. These serve to reduce modula-
tion ‘products that would cause the relay SPR to chatter
and to slow up the operate and release times of relay SPR
by delaying the dying down and building up of the plate
current through the secondary (§) winding of relay SPR.
These delays compensate somewhat for the fact that there
is no band-pass filter in the signal present channel, as com-
pared, for example, with the filters BPFe . . . BPFf in
the signal channels, and aid in preventing the operation of
said signal channels by transients since as subsequently set
forth, without the operation of relay SPR, signal channel
relay operation cannot take place.

The armatures of relays SPR and CK2 are connected
together over conductor 504 and to ground over the nor-
mal lower contacts of relay CK1, and the upper contacts
of such relays are also multipled together over conductor
505 and connected to the armature of the polarized relay
TO. From the lower normal contact of relay TO a cir-
cuit is extended over conductor 586, over the right No. 3
contacts of operate progress relay 1391, conductor 581,
through resistance CH1 and through the middle (P) or
operate windings of relays Ra . . . Rf in series to bat-
tery BAT3.- Hence when relay SPR operates in response
to an incoming signal it causes the energization of the
operate windings of all of the channel relays preparing
such relays for operation when their associated channels
will have responded to frequencies in the signals as here-
inafter set forth. It may be noted that when relay CK2
cperates as described later it has the same effect as relay
SPR and also that when relay CK1 operates it removes a
short circuit from resistance CH2 and thus inserts high
resistance into the circuit established over the contacts of
relays SPR and CK2 for a purpose to be later described.

With the receiving circuit thus cut through to the tape
recorder there is a brief period during which the receiver
might be exposed to noise currents if the receiving circuit
were ready to receive signal frequency impulses, which
might cause -the circuit to operate falsely and thereby
cause a false setting of the registers of the receiving cir-
cuit. To guard -against this the receiving circuit is nor-
mally held in a condition whereby signal impulses cannot
be registered. until a definite timed impulse consisting of
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frequencies ¢, f, is received indicative of the start of
transmission from the tape recorder of recorder toll data
for a toll call, which impulse is transmitted in response
to a XP or start signal recorded on the tape. The signal
of composite frequencies cf is applied through the pad AP,
the filter HPF and the left winding of input transformer
IT. The signal voltage thereby generated in the left
wiading of transformer IT is induced into the right wind-
ing of such transformer, amplified by the volume limiter
VL and then applied partly across resistance N1 and
partly across resistance N5. The potential developed
across resistance N1 is then applied to the left winding
of transformer SPT of the “signal present” circuit, and
the potential developed across resistance N5 is then ap-
plied to the input terminals of the several filters
BPFa . .. BPFf. Since only the filters BPF¢ and
BPFf are each tuned to pass one of the two frequencies
in the signal, the voltages at the outputs of such filters
are applied to the grids of vacuum tubes Tc and Tf
through resistances Cg and Fyg but not to any of the other
channel tubes.

Now each of the channel tubes Ta . . . Tf is provided
with a positive grid bias from the battery BAT3 through
the coil FLT and resistances P4 and P5 and a control grid
resistance Ag . . . Fg respectively to make each tube
to function as a detector. The signal present circuit func-
ticns in the manner previoulsy described to cause the
operation of relay SPR and the consequent application of
current to the primary (P) windings of the channel relays
Ra ... Rf. Positive potential is normally supplied to
the ancdes of the tubes Ta . . . Tf through the second-
ary (S) windings of the associated channel relays
Ra . . . Rf and with positive potential between the grids
and cathodes of these tubes, anode current flows through
the tubes and through the secondary (S) windings of
the channel relays but such relays will not operate due
to the opposing energization of the primary windings
of such relays as described. However, in response to
the application of voltage to the control grids of tubes Tc
and Tf in response to the incoming KP signal, the anode
current flowing through these two tubes is reduced, caus-
ing relays Rc and Rf to operate in response to the cur-
rent flowing through their primary windings.

With relays Rc and Rf thus operated, ground is dis-
connected from conductors 409 and 416 thereby opening
the circuits which extend in parallel from ground over
the normal contacts of relays Re and Rf, over conductors
489 and 416, over the upper No. 4 normal contacts of
relays XP2 and KP3 and thence over the armature and
left normal contact of relay KP1 and through the lower
winding of relay KP1 to battery. Relay KP1 now oper-
ates slowly over an obvious circuit through its operate
(¥) winding, the slowing of its operation being due to
the charging current for condenser KPC flowing through
its secondary winding (S) and resistance KPR1, which
current opposes the current flowing through the primary
winding. When the condenser KPC is completely charged
the current flowing through the winding (S) is limited
by the high resistance KPR and since the magnetic flux
generated by the current flowing through the secondary
winding is smailer than the flux produced by the current
flowing through the primary winding the relay operates.
Resistance KPR is provided to insure that the armature
of relay KP1 shall always engage its left contact when
the circuit is idle.

Now when the KP signal is terminated after the re-
quired interval to operate relay KP1, the release of relays
Ac and Af will cause ground to be reconnected to conduc-
tors 409 or 416 and over the upper No. 4 normal con-
tacts of relays KP2 and KP3, over the armature and right
contact of relay KP1 and through the windings of the
KP2 and KP3 relays to the battery bus bar BAT2. These
relays now operate and lock to ground over the lower
No. 1 contacts of relay KP2. The upper No. 4 alternate
contacts of relays KP2 and KP3 maintain ground con-
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nected over the contacts of relay KP1 to the windings of
relay KP2 and KP3 as they operate. At its lower No. 4
contacts relay KP2 now establishes a circuit from ground
to the secondary winding (S} of relay KP1 increasing the
current fiow therethrough in consequence thereof and
causing relay KP1 to release and move its armature into
engagement with its left contact.

Relays KP2 and KP3 upon operating perform the
general function of connecting the upper contacts of
the channel relays Ra . . . Rf to conductors A . . . F
which, in turn, are connectable by the progress relays,
such as 601, to relays of the registers of the receiving
circuit. Relays KP2 and KP3 also remove ground
from the vacuum tube side of the resistance A2,
A3 . . . F2, F3 but ground is still maintained on each
pair of resistances as, for example, resistances A2 and
A3 through the lower contacts of each channel relay
to maintain the screen grid of the corresponding channel
tube at the required potential. As explained later, when
the circuit is in this condition the screen grid potential
of each channel tube is changed when the corresponding
channel relay operates, whereas in the original condition
the operation of the channel relays has no such effect.
In addition, relay KP3, over its lower No. 3 contacts
and conductor 421, establishes a circuit serially through
the tertiary (T) windings of all channel relays. These
windings are poled to oppose the primary windings (P)
of such relays and, for certain operations described here-
inafter, function to release the channel relays.

As previously described, it is necessary that frequencies
¢ and f be received for a definite interval of time without
the presence of frequencies a, b, d or e if the circuit is
to unlock; that, is relay KP1 is to operate and in tarn
operate relays KP2Z and KP3. If an impulse containing
one or more of these latter frequencies should appear at
any time before relays KP2 and KP3 have operated,
the corresponding channel relay, or relays will, of course,
operate and supply ground to the secondary winding
(S) of relay KPi and to condenser KPC by way of
the upper No. 4 and lower No. 2 back contacts of relays
KP2 and KP3, or any of them. This ground restores
the full bias current to the secondary winding of relay
KP1 and, if this relay had already started to operate
because of the presence of frequencies ¢ and f in the
extraneous impulse along with the other frequencies, it
will restore immediately because of the full bias current
produced by the connection of ground to its secondary
winding, and condenser KPC will discharge to said ground
in preparation for a new timing cycle. If relay KP1i is
normal when the extraneous impulss appears, the appli-
cation of ground to the secondary winding of relay XPi
simply causes the relay to remain in its uncperated posi-
tion; that is, with its armature against its left contact,
In either case, the result is that the channel relays re-
main ineffective for the purpose of registering their op-
erated condition until frequencies ¢ and f appear by
themselves for the necessary length of time, since, with
relays KP2 and XP3 normal, the front coniacts of the
channel relays are not cut through to the firsi register of
the receiving circuit, and the channel relays which were
operated by the impulse will therefore restore when the
impulse is terminated, since with the removal of the grid
potential from the associated tube by the termination of
the impulse, the full anode potential is restore , which
flowing through the secondary winding of the associated
channel relay will cause the latter to restore. it wili be
noted that during these operations the screen grid of
each tube remains grounded through appropriate con-
tacts of relays KP2 and KP3 and therefore will have
no effect upon the intensity of the anode current when
the signal potential is removed from the grid, That is,
prior to the reception of the KP signal, the channel re-
lays are free to operate and release in accordance with
the application and removal of the incoming alternating-
current signal. The reason for this is because the screen
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grids of the several channel tubes, being grounded at the

contacts of the KP2 and KP3 relays, are powerless to
change the intensity of associated anode currents when
the latter increase to their normal strength upon the re-
moval of the impulse potential, in consequence of which
the several channel relays restore to normal in response
to the preponderating bias current flowing through their
respective secondary windings. After the KP signal
has been received, however, and relays KP2Z and XP3
have become operated in consequence thereof, the direct
ground formerly applied by way of some of their back
contacts to the screen grids of all the channel tubes is
removed and these grids are connected to ground only
as long as their respective channel relays remain on
their back contacts with the result that, when 2 channel
relay operates, the screen grid potential of its associated
tube is changed in such a way that the relay is locked
up. This locking action is caused by the fact that when
a channel relay operates, after the anode current flow-
ing through the winding (S) has been reduced sufficiently
by the incoming signal, the operated relay, by causing
its grounded armature to break with its back contact,
removes ground from the screen grid of its associated
tube and causes the latter to be connected to a potential
divider which supplies a much lower voltage than nor-
mal between the screen grid and cathode and, as a con-
sequence the anode current of the tube remains re-
duced after the signal has terminated and the control
grid has been restored to its normal potential.

Thus should a signal comprising frequencies a and b
be transmitted before the KP signal of frequencies ¢
and f and therefore before relays KP2Z and KP3 are op-
erated the voltage due to the signal will be applied to
the control grids of the tubes Ta and Tb and relays
Ra and Rb will therefore operate. When operated, re-
lay Ra opens one of the two paths by which ground
reaches conductor 422 and relay Rb opens ome of the
two paths by which ground reaches conductor 419 but,
since relays KP2 and KP3 are not operated ground is
still applied to these conductors over the Jower Nos. 1
and 4 back contacts of relay KP3 and thence to the
screen grids of tubes Ta and Th. The presence of ground
on these grids will cause the reduction of anode current
to be determined exclusively by the potentiai of the signal
applied to the conirol grids so that when the signal ceases
the anode current is restored to its original value and
relays Rq and Rb release. When, however, a signal com-
prising any two of the frequencies a . . . f, say a and
¢, is transmitted after the operation of relays KP2 and
KP3 and the consequent removal of ground supplied
over their back contacts to conductors 418, 412, 414,
416, 419 and 422, the corresponding channel relays Ra
and Rc¢ now operate as before but in so doing remove
ground from the screen grids of their respective tubes
Ta and Te. With these grounds removed these grids are
connected to a potential divider comprising resistances
A2 and C2, A3 ... F3 and the (P) windings of re-
lays CK1, CK2 and CK3 as follows: Through resist-
ances A2 and C2 and to battery bus bar BATI and
through resistances A3 and C3 serially through the pri-
mary windings (P) of relays CK1, CK2. and CK3 and
to ground shunted by the four resistances B3, D3, E3
and F3 in parallel.- The potential applied by this net-
work to each of the screen grids of the tubes Ta and
Te is lower than that available over the previous ground
connection and thus will cause a further reduction in
the anode currents. When the signal voltage ceases the
control grids are restored to their normal positively biased
state but since a low potential is still available at the
screen grids from the potential divider network the
anode currents are still reduced in spite of the restora-
tion of the control grids to their normal state thereby
causing relays Ra and Rc to remain in an operated con-
dition until their operate windings are opened.

It will be noted that when relay KP2 operates it ap-
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plies ground over its lower No. 4 contacts to the second-
ary winding of relay KP1 and to condenser KPC in the
same way as the channel relays Ra, Rb, Rd and Rc
when and if any of them operate on an alternating-cur-
rent impulses prior to the appearance of the timed
KP impulse of frequencies ¢ and f. This ground causes
relay KP1 to release and condenser KPC to discharge
as above stated but the release of the relay does not
interfere with the operation of relays KPZ aand KFP3
since these relays are now locked to ground over the
lower No. 1 contacts of relay KP2. The purpose of this
arrangement is to make sure that the timing circuit,
comprising relay KP1 and condenser KPC, is normal and
ready to provide a complete timing cycle on the next
signal. A sequence adjustment of the lower MNo. 1 con-
tacts of relay KP2 insures that these contacts are closed
ahead of the lower No. 4 front contacts which release
relay KP1. ' :

As hereinbefore stated the operation of any of the
channel relays following the operation of relays KP2
and KP3 by the KP signal causes ground to be con-
nected to the associated ome of conductors A ... F
for operating relays of the registers in various combina-
tions; causes ground to be removed from the corre-
sponding resistances A2 . .. F2 to reduce the voltage
on the screen grids of the tubes; causes the operated
channel relays to lock in consequence thereof and ailows
current to flow through the primary windings of relays
CK1, CK2 and CK3 in an amount directly proporticnal
to the number of relays Ra . . . Rf which are operated
in response to any signal impulse. It will be ncted
that prior to the reception of the KP signal the (?)
windings of relays CK1, CK2 and CK3 are short-circuited
through resistances A3 . . . F3 and over back contacts
of relays KP2 and XKP3.

Relays CK1, CK2 and CX3 are all polarized by their
secondary windings (S) which are energized from the
bus bar BAT1 through resistances CKR1 and CKR3.
The operate current through the respective primary wind-
ings (P) -and the bias current through the respective sec-
ondary windings (S) are so proportioned that none of
the -relays will operate when a single channel relay is
operated. Relays CK1 and CK2 will operate, however,
when two channel relays operate because of the increase
of current through their primary windings and relays
CKi, CK2 and CK3 will be operated when three or
more of the channel relays operate because of a still
higher increase in the current through their primary
windings. Relays CK%, CK2 and CK3 thus serve to
check each of the incoming signals and to inform the
registering circuits whether or not the signals should be
registered.

Tt will be recalled that all of the transfer and progress
relays of the register circuit have besn operated and it
will now be assumed that the P signal has been received
resulting in the operation of the KP2 and XP3 relays.
1t will also be assumed that the tape recorder transmits
a second XP signal of the frequencies ¢ and f. These
two KP signals signify the beginning of a toll call record
in the same manner as the two asterisks printed on the
toll ticket as dislosed in the Gooderham application
hereinbefore referred to. Upon the response of the chan-
nel relay Re to the frequency ¢ a circuit is established
from ground over its front contact, over conductor 415,
the upper No. 3 contacts of relay XP3, conductor C,
over the right Ne. 3 front contact of operated progress
relay 691, and to battery through the winding of the C
relay 692 of the Beginning of Record register of Fig. 6.
‘Also upon the response of the chanmel relay Rf to the
frequency f a circuit is established from ground over
its front contact, conductor £08, the upper No. 3 contacts
of relay XP2, conductor F, over the right No. 6 front
‘contact of progress relay 681, and to battery through the
winding of the F relay 603 of the Beginning of Record
register. When the CKL and CK2 relays operate in re-
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sponse to the second KP signal, relay CK1 establishes
a supplemental holding circuit for progress relay 601 and
transfer relay 609 which may be traced from ground, over
the armature and front contact of relay CK1i, conductor
502, left No. 1 contacts of relay 601, thence through the
winding of relay 691, to battery. Relay 601 is thus held
operated so long as relay CK1 remains operated but the
application of holding ground shunts down relay 600
which thereupen releases. When the second KP signal
impulse ceases and relays CK1 and CK2 release, the
locking ground for progress relay 601 is removed by the
release of relay CK1 and relay 601 releases. The op-
erated relays 682 and 663 of the Beginning of Record
register are held operated by the holding circuits ex-
tending from battery through their windings and over
their lower contacts, over the No. 2 left contacts of relay
601 before it releases, over conductor 503, through the
left winding of relay TO, contacts of relay CKA and the
normal contacts of relay CK3 to ground, which latter re-
lay is not operated if only two frequencies were present
in the signal. Relay TO operates, disconnects the resist-
ance ground being supplied through resistance CHZ2 by
way of the contacts of relay SPR or relay CK2 to the
operate windings (P) of the channel relays and locks to
such resistance ground over its armature and front con-
tact, through ifs right winding, over conductor 506, and
over the right No. 4 contacts of progress relay 1301 to
battery. If the signal is short and relay SPR releases be-
fore registration is completed, relays Rc and Rf are never-
theless held operated by the gronnd supplied through re-
sistance CH2 and over the upper contacts of relay CK2
until relay TO operates to signify that the registration
of the digit has taken place. If the signal remains on
longer than the time required for the register relays and
relay TO to operate the channel relays Re and Rf unlock
but relay TO which has been locked up remains operated
until relay SPR releases upon the end of the signal im-
pulse. At the end of the impulse when relay 601 releases
as previously described, the operating circuit of relay TO
is opened at the left No. 2 contacts of relay 691 and upon
the release of relay SPR the locking circuit of relay TO
is opened so that relay TO releases. Following the re-
lease of relay 601 the locking circuit of register relays
662 and 693 extends over the left No. 2 normal contacts
of relay 601, over conductor 605 and to ground on the
ground bus bar GD. With relay 601 released the initial
operating circuits of register relays 602 and 603 are
opened and operating circuits are prepared for the re-
lays of the Calling Code A register.

The receiver circuit is now prepared to register the next
signal impulse which it has been assumed is for the first
office code lefter A of the calling line number having a
digital value 2. This signal impulse will comprise fre-
quencies b and d and will, through the operation of chan-
nel relays Rb and Rd, establish operating circuits for the
B and D register relays 613 and 615 of the Calling Code
A register of Fig. 6, over conductors B and D, the right
Nos. 2 and 4 back contacts of released progress relay 661
and the right Nos. 2 and 4 front contacts of operated prog-
ress relay 611. In response to the signal relays CK1 and
CK2 operate as previously described and relay CK1 estab-
lishes a circuit extending over conductor 502, the left No. 1
back contact of relay 601, and the left No. 1 front con-
tact of relay 611 for locking relay 611 operated and for
shunting down relay 610. Register relays 613 and 615
upon operating lock over their inner lower front contacts,
over the No. 2 alternate contacts of relay 611, over the
right back contact of relay 610 and thence as traced
through the left winding of relay TO to ground where-
upon relay TO operates and locks up in the manner be-
fore described. When the signal impulse ceases relays
CK1 and CK2 release whereupon the holding circnit of
relay 611 is opened by relay CK1 and relay 611 releases
to open the initial operating circuits of relays 613 and
615 and to prepare circuits for selectively operating reg-
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ister relays of the Calling Code B register, With relays
619 and 611 both released the holding circuits for op-
erated register relays 613 and 615 are extended over the
left No. 2 normal contacts of relay 611 to ground on
ground bus bar GD. Relay TO also releases.

In a similar manner succeeding signal impulses are
registered on succeeding registers, the associated pairs
of progress and transfer relays releasing successively in
the manner previously described. Thus in response to the
transmission of signals representative of the recorded toll
data in accordance with the assumed record the C and
E relays 624 and 826 of the Calling Code B register, the
D and E relays 705 and 726 of the Calling Code C reg-
ister, the A and E relays 722 and 726 of the Calling Thou-
sands register, the A and B relays 742 and 743 of the
Calling Hundreds register, the A and E relays 802 and
8086 of the Calling Tens register, the A and C relays
822 and 824 of the Calling Units register, the A and B
relays 842 and 843 of the Sender Tens register, the A
and B relays 862 and 863 of the Sender Units register,
the A and B relays 902 and 963 of the Identifier Num-
ber register, the A and C relays 922 and 924 of the Called
Code A register, the B and D relays 943 and 243 of the
Called Code B register, and B and C relays 1663 and
1064 of the Called Code C register, the A and D relays
1021 and 1025 of the Called Thousands register, the D
and E relays 1945 and 1846 of the Called Hundreds reg-
ister, the B and E relays 1103 and 1106 of the Called Tens
register, the C and D relays 1124 and 1125 of the Called
Units register, the C and D relays 1144 and 1145 of the
Calling Class register, the B and D relays 1263 and 1285
of the Rate register, the A and D relays 1222 and 1225
of the Elapsed Time Tens register, and the A and C re-
lays 1242 and 1244 of the Elapsed Time Units Tegister
are operated and locked up.

Following the registration of the units digit of the
elapsed time, progress relay 1241 and transfer relay 1248
release, relay 3241 upon releasing extending the control
conductor C over its right No. 3 back contact and the
right No. 1 front contact of progress relay 1301 to the
winding of the C relay 1382 of the Ead of Record regis-
ter of Fig. 13. With progress relay 601 previously re-
leased, the control conductor F is extended over the
right No. 6 back contact of relay 601, conductor 604
and over the right No. 2 contacts of progress relay 1391
to the winding of the F register relay 1303. When there-
after an end of record signal comprising frequencies ¢
and f is transmitted from the tape recorder, register
relays 1302 and 1303 become operated and lock frst over
a circuit extending over the outer left front contact of
relay 1301, and the right back contact of relay 1369,
following the release of relay 1366 at the beginning of
the signal, and through the operating winding of relay
TO as previously described in connection with the func-
tioning of relays 698 and §01. Following the subsequent
release of relay 1361, relays 1302 and 1303 lock over the
No. 2 left normal contacts of relay 1301 to ground on
the ground bus bar GD. It has been assumed that the
end of record signal comprises the same frequencies as
the beginning of record signal, corresponding to the prac-
tice of printing asterisks on the toll ticket to denote the
beginning and end of the ticket as disclosed in the Good-
ertham applicaticn hereinbefore referred to. It is, how-
ever, to be understood that the end of record signal might
be composed of different frequencies such as, for example,
frequencies e and f.

When the progress relay 1361 releases it disconnects
conductor 500 from cenductor 591 at its right No. 3
contacts and thereby opens the energizing circuit previ-
ously traced through the (P) windings of the channel
relays Ra . . . Rf to prevent their further operation.
Relay 1361 alsc at its No., 4 right contacts disconnects
battery from conductor 566 and thereby opens the hold-
ing circuit of relay TO which thereupon releases. With
relays 1302 and 1303 both eperated a circuit is estab-
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lished from battery through the winding of relay 1:}04
over the left contacts of the register relays and to ground,
Whereupon relay 1384 operates and locks over its left
contacts to ground on bus bar GD and over its right
front contact and the normal terminal of the arc assc-
ciated with brush 1353 of progress switch 1350, estab-
" lishes a self-interrupting circuit for stepping magnet 1351
of the progress switch which magnet thereupon advances
the brushes 1353, 1355 and 1357 into engagement with
the second terminals of their associated arcs in readi-
ness to control the progress of toll card punching.

Should only one channel relay operate due to the ex-
istence of only one frequency in the impulse produced,
for example, by some abrormal condition, the corre-
sponding: register relay would be operated also but the
latter would not lock up since with relay CK1 released
no ground would be applied to conducter 562 and the
transfer relay such, for example, as 609 associated with
the digit register under operation would not release and
no locking circuit for the register relay would be avail-
able through the left winding of relay TO. Should more

" than two channel relays operate the relay CK3 would
operate in addition to relays CKI and CK2 for the
reason already stated and relay CK3 upon operating
would apply ground to conductor 597 thereby causing
the operation of relay 407. Relay 407 upon operating
locks under the control of relay 404, opens at its outer
left contacts the shut of the right winding of relay
492 and establishes a new shunt around the middle and
right windings of relay 402. With these windings of
relay 462 shunted the current flowing through the wind-
ings of relays 324 and 325 in parallel is increased to
such an extent that marginal relay 324 then operates to
remove battery through resistance 3233 from. the circuit
previously traced to the ticketing trunk and to conmnect
direct ground to such circuit as a signal that the tape
recorder should release the connection to the accounting
office, reestablish a new connection and retransmit the
recorded information to the receiving circuit then asso-
ciated with the ticketing trunk.

Relay CKA, which is of the slow to release type,
is normally operated by ground on conductor 564 ap-
plied thereto over the back contact of relay CK2. Relay
CKA, however, is released when relay CK2 operates
and serves to delay the closing of the register locking
circuit and hence the operation of relay TO for a short
interval- in order tc allow ample time for relay CK3
to function in case one or more interfering frequencies
should canse the.operation of more than two channel
telays -which would be operated by 2 normal stgnal
impulse.

When the second KP signal is reglstered by the oper-
ation of relays 682 and 693 of the Beginning of Record
register a circuit is established from ground over the
upper contacts thereof, over conductor 686, through re-
lease key 1306, battery BAT4, resistance 1307, con-
denser 1308, resistance 1399, and through the winding
of relay 1310 to ground. Condenser 1308 charges in
this circuit at a rate determined by the values of resist-
ances. 3387 and 139% but relay 1310 does not operate.
After an interval sufficient for the tape recorder to trans-
mit signal impulses for the entire toll call to the re-
ceiver, the condenser reaches a potential equal to the
breakdown potential of the gas-filled tube 1311 where-
upon it discharges across the gap between cathodes 1312
and 1313 and the tube then fires across the gap between
cathode 1312 and ancde 1314 to which anode high posi-
tive potential is applied from battery BAT4. = Relay
1319 therefore operates to prevent the eperation of relay
21364 and to comnect ground over its front contact and
conductor 567 to the winding of relay 407 which then
functions  in the manner previously described. If the
signal impulses are received as they should be, the End
of Record register relays 1302 and 1303 will operate to
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cause the operation and locking up of relay 1384 be-
fore the timing circuit functions to operate relay £3i0.

Trcznslation of calling and called office codes

It will be recalied that relays 613 and 6i5 of the
Calling Code A register, relays 624 and 626 of the Call-
ing Code B register and relays 765 and 786 of the Call-
ing Code C register have been operated and locked.
These relays are jointly effective in operating a calling
zone relay through the operation of the translator shown
in Fig. 14. The traanslator comprises eight multicontact
relays 2402 to 1499, inclusive, of which relays 1462,
1404, 1407 and 1409 are disclosed, operated in accord-
ance with the first digit of the calling office code and ten
pairs of relays 1413 and 1428 . . . 1419 and 1423 opes-
ated in accordance with the second digit of the calling
office code.

With relays 613 and 615 of the Calling Code A reg-
ister operated, as assumed, a circuit is established from
ground over the middle upper contacts of relay 613, over
the middle upper contacts of relay €15, and conductor
617, through the winding of multicontact relay 1402 to
battery whereupon relay 1492 operates, With relays 624
and 626 of the Calling Code B register operated, as
assumed, a circuit is established from ground over the
inner upper contacts of relay 624, the middle lower
contacts of relay 626, conductor §27 and thence through
the windings of multicontact relays 1418 and 3428 to
battery whereupon these relays operate. With relays
765 and 706 of the Calling Code C register cperated,
as assumed, a circuit is established from ground over the
inner upper contacts of relay 783, the inner upper cen-
tacis of relay 766, conductor 787, over the next to
inner contacts of relay 1428, similar to relay 1428, con-
ductor 1439 of cable £431, contact set 1432 of operated
relay 2402, cross-connected terminals of rack 1433, and
to battery through the winding of calling zone relay
1434,

In a similar manner with relays 822 aand 924 of the
Called Code A register operated, as assumed, a circuit
is established from ground over the middle lower con-
tacts of relay 922, over the upper contacts of relay
924, conductor 927 of cable 928, and the winding of
multicontact relay 1586 to battery. With relays 943
and 9435 of the Called Code B register operated, as
assumed, a circuit is established from ground over the
middle upper contacts of relay 243, over the middle upper
contacts of relay 945, conductor 947 of cable 948, and
in parallel through the windings of the pair of relays
1512 and 1522 to battery. With relays. 1493 and 1884
of the Called Code C register operated, as assumed,
a circuit is established from ground over the middle
upper contacts of relays 1863 and 1684, conductor 1087
of cable 1668, the middle contacts of relay 1512, corre-
sponding to the relay 1319, conductor 1530 of cable
1531, contact set 1832 of the operated muiticontact re-
lay 1586, terminals of cross-connecting rack 1533 cross-
connected to either a terminal connected to one terminal
of the place name relay 1535, if it should be desired to
translate the called line code digits into the place name
directory designation, and thence from the other termi-
nal .of the winding of relay 1535, over cross-connected
terminals of rack 1536, through the winding of the called
zone relay 1534 to battery, or from the contact set 1532
to a terminal on rack 1336 to which one terminal of
the winding of relay 1534 is connected, if the transiation
of the office code digits into the place name designation
is not required, and thence io battery.

The calling zone relay 1434 having now operated to
register the zone of the toll area in which the calling
line is located, and the called zone relay 1534 having
operated to register the zone of the toll area in which
the called line is located, a charge route relay 1436 now
operates under the joint control of relays 1434 and
1534 in a circuit extending from ground over contacts
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of relay 1434, cross-connected terminals of rack 1435,
through the winding of charge route relay 1436, cross-
connected terminals of rack 1437, conductor 1438, cross-
cennected terminals of rack 1537, and over contacts of
relay 1534 to battery. Relay 143§ thus operates to es-
tablish the route charge for the toll call.

If the charge rate has been registered in the receiving
circuit as, for example, by the operation of relays 1243
and 1205 of the Rate register of Fig. 12, then it is
not necessary to translate the calling and called office
codes as previously described to determine which charge
route reiay shall be operated, since this translation has
already been performed in the originating office. In the
case assumed, a circuit for the charge route relay, for
example, relay 1434, would be established from ground,
over the upper middle contacts of register relays 1283
and 1285, conductor 31207 of cable 1288, cross-connected
terminals of rack 1433, and through the winding of
relay 1436 to battery.

It is possible that in some areas a condition may be
enccuntered where certain classes of subscribers receive
a different rate treatment from others for calls hav-
ing the same routing. In such a case a class of service
relay, such as 1439, is provided, which when operated,
modifies the basic rate information supplied to the com-
puting circuits. A group of these class relays may
be provided, any one of which may be selectively oper-
ated in accordance with the setting of the Calling Class
register of Fig. 11. Tt has previcusly been assumed
that relays 1144 and 31145 of this register have been
operated thereby establishing the circuit of class relay
143% which may be traced from ground, over the inner
upper contacts of register relay 1344, over the next-to-
inner lower contacts of register relay 1145, conductor
1147 of cable 1148, over cross-connected terminals on
rack 1433 and through the winding of class relay 1439
to battery.

The operated charge route relays, such as 1436, de-
termine the basic rates at which calls shall be charged.
Representative rates are disclosed in the foliowing table:

Minutes,
Initial
Period

Tnitial
Charge
in Nickels

Minutes,
Overtime
Period

Overtime
Charge
in Nickels

Charge Route Number

1 or None

C0 Lo B Gr Cren Gt
34 14 8D 1O 10 69
NS o e
BO DD b

Determination of the overtime minutes of conversation

The overtime minutes of conversation are determined
from the total elapsed time of conversation by subtract-
ing from the minutes of total elapsed time of conversa-
tion the minutes for the initial period prescribed for the
charge route, that is, as determined by the operated charge
route relay. From the preceding table it will be noted
that the initial period may be either five, four or three
minutes. This subtraction is accomplished by the re-
lays disclosed in Fig. 16. It will be assumed that with
the route charge relay 1436 and the class relay 1439 both
operated the S4 relay 1664 is operated to subtract four
minutes from the total elapsed time. The circuit of
relay 1664 may be traced from ground, over the outer
left contacts of route charge relay 1436, over the middle
left front contact of relay 1439, conductor 1440, cross-
connection on rack 1603, and through the winding of
relay 1664 to battery.

It will be recalled that relays 1222 and 1225 of the
Elapsed Time Tens register and relays 1242 and 1244 of
the Elapsed Time units register were operated and locked
and therefore with relays 1222 and 1225 operated to
register the assumed tens digit 1 of the elapsed time, a
circuit is established from ground over the next to inner
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upper contacts of relay 1222, over the middle upper con-
tacts of relay 1225, conductor 1227 of cable 1228, and
through the winding of relay 1601 of the tens digit por-
tion of the clapsed time register of the subtracting cir-
cuit to battery. Also with relays 1244 and 1242 oper-
ated to register the assumed units digit 6 of the elapsed
time, a circuit is established from ground over the next
to inner upper contacts of relay 1242, over the upper
contacts of relay 1244, conductor 1247 of cable 1248,
and through the winding of relay 1611 of the units digit
pertion of the elapsed time register of the subtracting cir-
cuit to battery, and a second circuit is established from
ground, over the next to inner upper contacts of relay
1244, over the upper contacts of relay 1242, conductor
1249 of cable 1248 and through the winding of relay
1615 to battery. Relays 1611 and 1615 thus operate
to register the units digit 6 of the elapsed time.

With the tens digit register relay 1601 operated ground
is connected to conductor 1621 over the left back contact
of relay 1605, over the inner left back contact of relay
1662, over the inner right alternate contacts of relay 1601,
cver the inner right back contact of relay 1604 and to
conductor 1621 indicative of a tens digit 1. With the
units relays 1611 and 1615 both operated ground is con-
nected over the left front contact of relay 1615, over the
outer left back contact of relay 1612, over the outer left
front contact of relay 1611 and to conductor 1636 in-
dicative of a units digit 6. Ground is applied to other
conductors of the group 1626 to 1629, inclusive, indica-
tive of the tens digit of the elapsed time of a call and to
other conductors of the group 1630 to 1639, inclusive,
indicative of the units digit of the elapsed time in re-
sponse to the seiective operation of relays of the Elapsed
Time Tens and Elapsed Time Units registers of the re-
ceiving circuit and the consequent selective operation of
the tens and units register relays of the subtracting cir-
cuit in accordance with the following tables:

Operated Re-| Operated Relays
. lays Elapsed | of Tens Register | Grounded
Tens Digit Time Tens | of Subtracting | Tens Con-
register of Cireuit ductor
Receiver
1222,1223 | None 1620
1222,1225 | 1601 1621
1223, 1225 1602 1622
12251226 | 1601, 1602 1623
1223, 1226 4 1624
1224,1225 | 1605 1625
1222,1224 | 1601, 1605 1626
1223,1224 | 1602, 1605 1627
1224,1226 | 1601, 1602, 1605 1628
1222, 1226 604, 1605 1629
Operated
. . Relays Operated Relays | Grounded
Units Digit Elapsed of Units Register Units
Time Units | of Subtracting | Conductor
Register of Cireuit
Receiver
12421243 [ None 1630
1242 1245 1611 1631
1243, 1245 1612 1632
1245, 1246 1611, 1612 1633
1243, 1246 | 1614 1634
1244, 1245 | 1615 1635
1242,1244 | 1611, 1615 1636
1243, 1244 | 1612, 1615 1637
1244,1246 | 1611, 1612, 1615 1638
1242,1246 | 1614, 1615 1639

It will be recalled that the S4 relay 1664 has been op-
erated in accordance with the assumed rate structure to
subtract an initial four-minute period of conversation
from the total elapsed time assumed to be sixteen min-
utes, With relay 1664 operated, units conductor 1636
to which ground has been applied through the operation
of units register relays 1611 and 1615, is connected over
the lower No. 5 contacts of relay 1664 to outgoing units
conductor 1642 representative of the units digit 2. Re-
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lays 1660 and 1661 are not operated unless the units digit
of the initial period of conversation is equal to or less
than the units digit of the total elapsed time and therefore
since the units digit of the initial period assumed to be 4,
is less than the units digit 6 of the total elapsed time re-
lays 1660 and 1661 are nct operated and all of the tens
digit conductors 1620 to 1629, inclusive, are therefore
connected over back contacts of relays 1660 and 1661 to
correspondingly numbered tens digit conductors 1650 to
1659, inclusive. The grounded conductor 1621 is there-
fore extended over the inner lower back contact of relay
1661 to outgoing tens conductor 165i. Ground thus
applied to conductors 1642 and 1651 is indicative of an
overtime period of conversation of twelve minutes or
sixteen minutes total elapsed time less four minutes of
initial period conversation.

Had the S3 relay 1662 been operated instead of relay
1664, grounded units conductor 1636 would have been
extended over the lower No. 5 contacts of relay 1662 to
outgoing units conductor 1643 -and grounded tems con-
ductor 1621 would have been extended over the inner
lower back contact of relay 1é61 to outgoing tens com-
ductor. 1651 as before. Ground thus applied to con-
ductors 1643 and 1651 would be indicative of an over-
time period of conversation of thirteen minutes. Had
the S5 relay 1663 been operated iunstead of relay 1664,
grounded units conductor 1636 would have been extend-
ed over the lower No. 5 contacts of relay 1663 to out-
going units conductor 1641 and grounded teas conductor
1621 would have been extended over the inner lower
back contact of relay 1661 to outgoing tens conductor
1651 as before. Ground thus applied to conductors
1641 and 1651 would be indicative of an overtime period
of conversation of eleven minutes.

On calls on which the elapsed time is equal to or less
than the initial period of conversation a signal is pro-
vided to a “No Overtime Circuit” which nullifies any
signal which may exist in the intermediate circuits. If
the initial period is three minutes and the S3 relay 1662
is operated on a call for which the elapsed time does not
require the operation of either the No. 4 or No. 5 units
relays 1614 and 1615 and which does not require the
operation of any of the tens relays 1681, 1602, 1604
and 1605, that is, on a call having an elapsed time of
less than four minutes, ground is applied over the outer
right back contacts of relays 1601, 1602, 1604 and 1605,
over the middle right back coantact of No. 5 register re-
lay 1615, over the right back contact of register relay
1614 and over the lower No. 6 contacts of the S3 relay
1662 to the “No Overtime” conductor NOT. The same
condition exists in case the S4 relay 1604 is operated if
the No. 5 units relay 1615 is not operated and none of
the tens register relays is operated. In this case the
ground applied from the right back contact of register
relay 1605, is applied over the outer right back contact
of units register relay 1615 and the lower contacts of the
S4 relay 1664 to conductor NOT. If the S5 relay 1663
is operated and the units digit registration is less than 6
as indicated by the non-operated condition of all of the
tens register relays and the No. 5 units register relay
1615 is operated but none of the Nos. 1, 2 or 4 register
relays 1611, 1612 and 1614 is operated, ground is con-
nected to conductor NOT from the right back contact
of relay 1605, over the right front contact of relay 1615,
the next to inner right back contact of relay 1684, cuter
tight back contact of relay 1602, outer right back con-
tact of relay 1611 and over the lower No. 6 contacts of
the S5 relay 1663, If the total elapsed period is less than
five minutes, then with relay 1615 unoperated and the
S5 relay 1663 operated, ground is connected from the
right back contact of tens register relay 1685, over the
middle right back contact of units register relay 1615 and
over the lower No. 6 contacts of relay 1663 to conductor
NOT.  These preceding conditions are those. encoun-
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tered when the elapsed time has not gone into the over-
time period and represent a high percentage of the cases
to be handled.

In the preceding discussion it was assumed that the
units digit of elapsed time was greater in every case than
the imitial period. The case will now be discussed in
which the initial period, for example, three minutes, is
greater than the units digit of elapsed time, for example
twelve minutes. Under this assumption the itens reg-
ister relay 1601 and the units register relay 1612 will
be operated. When therefore relay 1662 is operated,
grounded conductor 1632 becomes connected over ithe
upper No. 2 contacts of relay 1662 to .outgoing units
conductor 1649 and a circuit is established for relays
1660 and 1661 from ground over the outer right front
contact of relay 1691, inner right back contact of relay
1615, the next to outer right back contact of relay 1614,
the inner right front contact of 1612, the next to the
inner right back contact of relay 1611, over the upper
No. 6 contacts of the S3 relay 1662 and through the
windings of relays 1660 and 1661 in parallel to battery.
With relay 1661 operated ground connected to conductor
1621 by the operation of register relay 1601 is extended
over the inner lower front contact of relay 1661 to the
outgoing tens conductor 1658 whereby, with conductors
1650 and 1649 both grounded, an overtime period of
nine minutes is indicated.

As a further example it will be assumed that the
elapsed time registered is twenty-three minutes and that
therefore register relays 1662, 1611 and 1612 are op-
erated and that the initial period of conversation is five
minutes and that therefore the S5 relay 1663 is oper-
ated. With relays 1611, 1612 and 1663 operated ground
is connected over ithe right back contact of relay 1615,
over the inner left front contact of relay 1612, over the
inner left front contact of relay 1611, conductor 1633
and over the upper No. 3 contacts of relay 1663 and
to outgoing units conductor 1648. A circuit is also es-
tablished for relays 166% and 1661 from ground over the
outer right back contact of tens register relay 1661, over
the right front contact of relay 1602, the inner right
back contact of units register relay 1615, the upper No.
6 contacts .of the S5 relay 1663 and through the wind-
ings of relays 1660 and 1661 in parallel to battery. With
battery 1661 operated ground is extended over the left
back contact of relay 1665, the inner left front contact
of relay 1602, the inner left back contact of relay 1601,
conductor 1622, the lower front contact of relay 1661
and to the outgoing tens conductor 1651 whereby, with
conductors 1651 and 1648 both grounded an overtime
period of eighteen minutes is indicated.

Thus when the elapsed time goes into the :overtime
period with the S3 relay 1662 operated, a 3 is subtracted
from the digital value of each one of the conductors
1636 to 1639, inclusive, extending from ithe units reg-
ister -and a 1 in the tens place is subtracted from the
digital value of each one of the conductors 1620 to 1629,
inclusive, extending from the tens register if the units
registration is less than 3 and the tens registration is any-
thing but zero. With the S4 relay 1664 operated, a 4
is subtracted from the digital value of each one of the
conductors 1630 to 1639, inclusive, and in the tens place
a 1 is subtracted from the digital value of each one of
the conductors 1626 to 1629, inclusive, extending from
the tens register, if the units registration is less than 4
and the tens registration is anything but zero, and with
the S5 relay 1663 operated a 5 is subtracted from the
digital values of each one of the conductors 1630 to
1839, inclusive, extending from the units register and a 1

" in the tens place is subtracted from the digital values of

each one of the conductors 1620 to 1629, inclusive, ex-
tending from the tens register if the units registration
is less than 5 and the tens registration is anything but
ZEro, o L .
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Determination of the number of overtime periods

The connection of ground to one of the conductors
1656 to 1659, inclusive, of the Tens Overtime group
of conductors results in the operation of one of the
ten relays 1700 to 1709, inclusive, of Fig. 17 to Tegister
the tens digit of the overtime period. It has been as-
sumed that the tens digit of the overtime period is one
and that therefore the connection of ground as previously
described to conductor 1651 results in the operation of
the tens overtime register relay 1701.

For wontrolling the dividing circuits of Figs. 17 and 18
to determine the number of overtime periods in the itotal
overtime, a circuit is established from ground over the
inner left comtacts of the operated route charge relay
1436, over the inner left front contact of class relay
1439, assumed to be operated, over conductor 1441
to a terminal on cross-connecting rack 1710, which ter-
minal may be cross-connected to a terminal connected
over conductor 1711 to the winding of the D1 relay
1861 of Fig. 18 if each prescribed overtime period is
to be one minute, to a terminal connected over con-
ductor 1712 to the winding of the D2 relay 1802 of
Fig. 18 if each overtime period is to be two minutes, to
a terminal connected over conductor 1713 to the wind-
ing of the D3 relay 1714 of Fig. 17 if each overtime
period is to be three minutes, or to a terminal connected
over conductor 1715 to the winding of the D5 relay
1895 of Fig. 18 if each overtime period is to be five
minutes,

If the D1 relay 1801 is operated indicative of the fact
that the overtime period of conversation is to be charged
on the basis of one minute intervals, an obvious circuit
is established over its lower No. 6 contacts for the D1’
relay 1863. With any one of relays 1700 to 1709, in-
clusive, operated to register the tens digit of the entire
overtime period, a circuit will be established from ground,
over the lower No. 4 contacts of the operated register
relay, over a conductor of group 1716 and over contacts
of relay 1803 to a conductor of the Tens Overtime
Periods group, extending to the multiplying circuit of
Fig. 19, indicative of the same tens digit value as the
tens digit value 'of the operated register relay. For ex-
ample, with register relay 1701 operated to register the
tens digit one of the overtime period, ground is applied
over the lower No. 4 contacts of relay 1701, over con-
ductor 1721 of the group 1716 and over the lower No.
4 contacts of the D1’ relay 1803 to conductor 1821 of
the Tens Overtime Periods group indicative of a tens
digit one for the number of overtime periods. With
telay 1801 operated conductors of the Units Overtime
group are extended to conductors of the Units Over-
time Periods group extending to the mmltiplying circuit
without change in the units digit value. For example,
conductor 1642, to which ground was applied indicative
of a units digit two for the duration of overtime, is
extended over the lower No. 3 contacts of relay 1801
to conductor 1832 of the Units Overtime Periods group
representative of the units digit 2. Thus, the twelve
minute overtime period is divided into twelve one minute
overtime periods.

If the overtime period of conversation is to be charged
on the basis of two-minute intervals, relay 1802 is op-
erated. It should be understood that in dividing by
any number other than one, the fractional remainders
in all cases increase the quotient to the next higher in-
teger. This is because the entrance into the beginning
of an overtime interval is treated as though the con-
versation has proceeded to the end of the overtime in-
terval. Thus, the division of six by two is three and
also the division of five by two will be three. Thus in
dividing by two any odd number just preceding an even
number will result in the same answer as the succeed-
ing even number would give by ordinary arithmetical
processes, Thus, it will be noted that the units input
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ductors is connectable over thé contacts of the UD2
and UD2’ relays 1804 and 1806 to the Units Overtime
Periods group of conductors, the values of the units digits,
however, being dependent upon whether the tens digits
are odd or even. However, when the tens digit is even
one and two units become one, three and four units
become two, etc. The shift in the tens place s also in
groups of two and zero and one become zero, two and
three become one, etc., except in those cases when the
units digit is a nine in which event the one of tens be-
comes one, the three of tens becomes two, five of tens
becomes three, etc. This is accomplished by the pro-
vision of the 9D2 relay 1807 which operates when the
units digit is nine and in operating causes the operation
of the tens TD2’ relay 1808 which accomplishes the above
result. In this manner the Tens Overtime Periods and
the Units Overtime Periods conductors extending to the
multiplying circuit of Fig. 19 are grounded in a way
which indicates the division of the overtime period by
two and thus the number of overtime intervals involved
in the call.

It will be recalled that from the previous computation
an overtime period of twelve minutes was indicated and
that the D2 relay 1802 of the divide-by-two circuit was
operated. Since the tens digit of the overtime period
is one and relay 1701 is therefore operated, a circuit is
established from ground over the upper No. 4 contacts
of relay 1701, over conductor 1731 of group 1717, over
the iower No. 4 contacts of relay 1802, and to battery
through the winding of the UD2’ relay 1806. Relay
1886 thereupon operates and connects conductor 1642
to which ground was connected in the subtracting circuit
to indicate the units digit of the overtime period as two,
over ithe Tower No. 3 contacts of relay 1806 to conductor
1836 of the Units Overtime Periods group extending to
the multiplying circuit indicative of a units digit 6.
Since the units digit of ithe overtime period is two and not
mine, no circuit is established by the operation of the
UD2’ relay 1806 for the 9D2 relay 1807 and therefore
the operation of the D2 relay 1802 results in the estab-
lishment of a circuit from ground over the upper back
contact of relay 1807, over the upper No. 6 contacts of
relay 1802 and through the winding of the TD2 relay
1809 to battery. Relay 1809 upon operating now con-
nects conductor 1721 of the group 1716, to which ground
was connected by the operation of relay 1701 of the
subtracting circuit of Fig. 17, over the lower No. 4
contacts of relay 1809 to conductor 1820 of the Tens
Overtime Periods group extending to the multiplying cir-
cuit indicative of a tens digit zero. Thus, the result of
dividing the twelve minutes overtime period by two is to
produce an indication of six two-minute periods of over-
time.

It will now be assumed that the overtime period was
eleven minutes and that therefore ground has been con-
nected to the tens conductors 1721 and 1731 by the opera-
tion of relay 1701 and that ground has been connected to
units conductor 1641 representative of the tens and units
digits of the overtime pericd. The connection of ground
to conductor 1731, with the D2 relay 1862 operated,
causes the operation of the UD2’ relay 1886 as before,
which relay upon operating connects conductor 1641 over
its lower No. 4 contacts to conductor 1836 of the Units
Overtime Periods group extending to the multiplying cir-
cuit. Relay 1809 operates as before and connects
grounded conductor 1721 over its lower No. 4 contacts
to conductor 1820 of the Tens Overtime Periods group
extending to the multiplying circuit. Thus, the result
of dividing the eleven minutes overtime period by two is
to .produce an indication of six two-minute periods of
overtime since conversation overran the fifth two-minute
period.

As a further illustration it will be assumed that the
overtime pericd was of twenty-nine minutes duration and

to this circuit from the Units Overtime group of con- 78 that therefore the tens register relay 1702 has been oper-
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ated to register ‘the tens digit two and that ground has
been connected to conductor 1649 of the Units Overtime
group extending from the subtracting circuit to indicate
the units digit nine. With relay 1702 operated, ground
is connected over- its lower No. 4 contacts to conductor
1722 of group 1716 and ground is also connected over its
upper No. 4 contacts to conductor 1732 of group 1717.
With the D2 relay 1802 operated conductor 1732 is ex-
tended over its lower No. 3 confacts and through the
winding of the UD2 relay 1804 to battery. Thereupon re-
lay 1804 operates and establishes a circuit from the
grounded umits conductor 1649 over the upper No. 5
contacts of relay 1884 to conductor 1835 of the Uniis
Overtime Periods group extending to the multiplying cir-
cuit. = Relay - 1869 operates as before and connects
grounded conductor 1722 over its lower No. 3 contacts to
conductor ‘1821 of Tens Overtime Periods group extend-
ing to the:multiplying circuit. Thus, the result of divid-
ing the twenty-nine minutes’ overtime pericd by two is to
produce ‘an indication of fifteen two-minute periods of
overtime since conversation ran over the fourteenth two-
minute period.

As a still further illustration it will be assumed that
the overtime period was of nineteen minutes duration
and that therefore the tens register relay 1761 has been
operated to register the tens digit one and that ground has
been-connected to conductor 1649 of the Units Overtime
group extending from the subtracting circuit to indicate
the units digit nine. With relay 1701 operated, ground
is connecied to conductors 1721 and 1731 as before de-
scribed, and with the D2 relay 1862 operated, conductor
1731 is extended over its lower No. 4 contacts and
through the winding of relay 1866 to battery whereupon
relay 1866 operates and with ground connected to con-
ductor 1649 establishes a circuit from conductor 1649,
over the upper No. 5 contacts of relay 1806 and through
the. winding of the 9D2 relay 1807 to battery. Relay
1887 thereupon operates and over its upper front contact
establishes the circuit of the TD2’ relay 1808 which also
operates. Relay 18068 upon operating establishes a cir-
cuit from grounded conductor 1721 over its lower con-
tacts and to conductor 1821 of the Tens Overtime Periods
group extending to the multiplying circuit. Relay 1807
at its lower contacts also connects ground to conductor
1830 of the Units Overtime Periods group extending to
the multiplying circuit. Thus, the result of dividing the
nineteen minutes’ overtime peried by two is to produce
an indication of ten two-minute periods of overtime since
conversation ran over the ninth two-minute period.

In the process of dividing by three the switching of the
necessary conductors in the tens digit place is accom-
plished by using contacts of the tens register relays 1700
o 1709, inclusive, of the subtracting circuit. The units
digits are switched in groups of three by the B, R and G
relays 1810, 1811 and 1812. For example, Units Over-
time conductors for units digits one, two and three will
be connected to a conductor outgoing to the multiplying
circuit for the units digit one, conductors for units digits
four, five and six will be connected to the outgoing con-
ductor for the units digit two, and conductors for units
digits seven, eight and nine will be connected to the out-
going conductor for the units digit three by the operation
of relay 1839 only when the tens digit is zero, three, six
or nine. When the tens digit is either one, four or seven
a different shift occurs in the units digit through the oper-
ation of relay 1811 whereby conductors for units digits
one and two will be connected te an outgoing conductor
for the units digit four, conductors for the unmits digits
three, four and five will be connected to an cutgoing con-
ductor for the units digit five, conductors for the units
digits six, seven and eight will be connected to an oui-
going conducter for the units digit six, the conductor for
the units digit nine will be connected to an outgoing con-
ductor for the units digit seven and the conductor for
units digit zero will be connected to an outgoing con-
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ductor for the units digit four. - When the tens digit is
either two, five or eight and relay 1812 is operated a
third shift- is made in the units digit whereupon the
conductor for the units digit one will be connected to the
outgoing conductor for units digit seven, the conductors
for the units digits two, three and four will be connected to
the outgoing conductor for the units digit eight, the con-
ductor for the units digits five, six and seven will be con-
nected. to the outgoing conductor for the units digit nine,
the conductors for the units digits eight and nine will
result in the connection of ground to the ougoing con-
ductor for.the units digit zero, and the conductor for
the units digit zero will be connected to the outgoing con-
ductor for the units digit seven.

In addition to these shifts in the units determined by
the tens registration, a shift of the tens output digit is de-
termined. by the units in the case where the units digit of
the overtime period received from the subtracting circuit
is either eight or nine and the tens digit is two, five or
eight. In this case the outgoing tens digit of the quo-
tient is increased one in value by the operation of the
SD3 relay 1718. Thus any number received from
the subtracting circuit is divided by three if the D3
relay 1714 is cross-connected to the contacts of the
charge route relay 1436. It is to be understood, however,
that any fractional remainders increase the quotient to
the next higher. infeger in all cases.

As illustrative of the manner in which division by three
is accomplished it will first be assumed that the overtime
period of conversation was twelve minutes and that con-
sequently the tens register relay 1761 of the subtracting
circuit has been operated and ground has been connected
to conductor 1642 of the Units Overtime group. With
the divide-by-three (D3) relay 1714 operated a circuit
is now effective. from ground, over the upper contacts of
relay 1714, over the lower No. 2 contacts of relay 1761
and .over conductor 1719 through the winding of the R
relay 1811 to battery. Relay 1714 also establishes a
circuit from ground over its lower contacts, the lower
No. 3 contacts of relay 1761 to conductor 1820 of the
Tens Overtime Periods group extending to the multiplying
circuit. With relay 1811 operated the grounded conduc-
tor 1642 is connécted over the lower No. 4 contacts of
relay 1811 to conductor 1834 of the Units Overtime
Periods group extending to the multiplying circuit. Thus
the result of dividing the twelve minutes overtime period
by three is to produce an indication of four three-minute
periods of overtime.

As a further illustration it will be assumed that the
overtime period of conversation was thirty-one minutes
and that consequently the tens register relay 1763 of the
subfracting circuit has been operated and ground has
been connected to conductor 1641 of the Units Overtime
group.. With relay 1714 operated a circuit is now estab-
lished from ground, over the upper contacts of relay 1714,
over the lower No. 2 contacts of relay 1783, over con-
ductor 1748 and through the winding of the B relay 1810
to battery. Relay 1714 also establishes a circuit from
ground, over its lower contacts, the lower No. 3 contacts
of relay 1761 to conductor 1821 of the Tens Overtime
Periods group extending to the multiplying circuit. With
relay 1819 operated the grounded conductor 1641 is
connected over the lower No. 5 contacts of relay 1810 to
conductor 1831 of the Units Overtime Periods group ex-
tending. to the multiplying. circuit. Thus the result of
dividing the thirty-one minutes’ overtime period by three
is to produce an indication of eleven three-minute periods
of overtime since conversation overran the tenth three-
minute period by a minute.

As another illustration it will be assumed that the
overtime period of conversation was twenty-seven minutes
and that consequently the tens register relay 1792 of the
subtracting circuit has been operated and ground has been
connected to ‘conductor 1647 of the Units Overtime
grotip.- Wlﬂl relay 1714 operated a circuit is now effective
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from ground, over the upper contacts of relay 1714, over
the fower No. 2 contacts of relay 1762, over conductor
1741 and through the windirz of the G relay 1812 to
battery. Relay 1714 also establishes a circuit from ground
over its lower contacts, the lower No. 3 contacts of relay
1702, over the inner upper back contact of the SD3 relay
1718 to conductor 1820 of the Tens Overtime Periods
group extending to the multiplying circuit. With relay
1812 operated the grounded conductor 1647 is connected
over the upper No. 2 contacts of relay 1812 to conductor
1839 of the Units Overtime Periods group extending to
the multiplying circuit. Thus the result of dividing the
twenty-seven minutes’ overtime period by three is to pro-
duce an indication of nine three-minute periods of over-
time.

As a further illustration it will be assumed that the
overtime period of conversation was twenty-nine minutes
and that consequently the tens register relay 1702 of the
subtracting circuit has been operated and ground has
been connected to conductor 1649 of the Units Overtime
group. With relay 1714 operated a circuit is established
from ground over its upper contacts, over the lower No. 2
contacts of relay 1702, over conductor 1741 and through
the winding of the G relay 1812 to battery. Since the
units digit conductor 1649 has been assumed to be
grounded a circuit is established from such conductor
over the upper No. 4 contacts of relay 1812, over con-
ductor 1742 and to battery through the winding of the
SD3 relay 1718. Relay 1718 thereupon operates and
with relay 1714 operated a circuit is now established from
ground, over the lower contacts of relay 1714, over the
lower No. 3 contacts of relay 1782 and over the inner
upper front contact of relay 1718 to conductor 1821 ot
the Tens Overtime Periods group extending to the multi-
plying circuit. Relay 1718 also establishes a circuit from
ground over its lower contact to conductor 1838 of the
Units Overtime Periods group extending to the multiply-
ing circuit. Thus the result of dividing the twenty-nine
minutes’ overtime period by three is to produce an indi-
cation of ten three-minute periods of overtime since con-
versation overran the nine three-minute periods by two
minutes.

To divide by five the route charge relay 1436 will have
been cross-connected so as to cause the operation of
the D5 relay 1895 of Fig. 18 as previcusly described.
In this case the conductors for the units digits one to
five of the Units Overtime group incoming from
the subfracting circuit are connectable in a group of
five over contacts of relay 1885 to a first conductor 1745,
conductors for the units digits six to nine, inclusive, are
connectable to a second conductor 1746 over a group
of four other contacts of relay 1865, and the conductor
for the units digit zero is connectable cver a farther
contact of relay 1865 to a third conductor 1747. These
three conductors are strapped selectively to contacts of
the tens register relays 1769 and 1709, inclusive, of the
subtracting circuit and in accordance with the tens digit
registered govern the proper choice of the urits digit
of the quotient. The tens digit is determined directly
by the operation of the tens register relays, a shift, how-
ever, being necessary when the tens digit is either four
or nine. In this case when the units digit is six to nine,
inclusive, and the tens digit is four or nine, and thus
either relay 1764 or 1789 is operated, the relay 1743 is
operated to increase the tens digit by -one. As before
stated when any overtime is divided by five all fracticnal
remainders increase the quotient to the next higher in-
teger.

As an illustration it will be assumed that the overtime
period of conversation was fifteen minutes and that con-
sequently the tens register relay 1761 of the subtracting
circuit has been operated and ground has been connected
to conductor 1645 of the Units Overtime group. With
relay 1885 operated a circuit is established from ground,
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over the upper No. 6 contacts of relay 1805, conductor
1744 and over the lower No. ! contacts of register re-
lay 1761 to conductor 1820 ¢f the Tens Overtime Periods
group extending to the multiplying circuit. In addition
a circuit is extended from the grounded urits conductor
1645, over the lower No. 1 contacts of relay 1883, con-
ductor 1745, the upper No. 1 contacts of register relay
1701 and to conductor 1833 of the Units Gvertime Periods
group extending to the multiplying circuit. Thus the
the result of dividing the fifteen minutes overtime period
by five is to produce an indication of three five-minute
periods of overtime.

As a further illustration it will be assumed that the
overtime period of conversation was twenty-nine minutes
and that consequently the tens register relay 1782 of
the subtracting circuit has been operated and ground
has been connected to conductor 1649 of the Units Over-
time group. With relay 1805 operated a circuit is es-
tablished from ground, over the upper No. 6 contacts
of relay 1863, over conductor 1744, over the lower No.
1 contacts of register relay 1782 and to conductor 1828
of the Tens Overtime Periods group extending to the
multiplying circuit. In addition a circuit is exiended
from grounded unmits conductor 1649, over the upper
Ne. 4 contacts of relay 1805, over conductor 1746, cver
the upper No. 2 contacts of register relay 1762 and to
conductor 1836 of the Units Overtime Periods group
extending to the multiplying circuit. Thus the result
of dividing the twenty-nine minutes’ overtime period by
five is to produce an indication of six five-minute periods
of overtime since conversation overran the fifth five-
minute peried by four minutes.

As another example it will be assumed that the over-
time period of conversation was forty-nine minutes and
that therefore the tens register relay 1784 of the sub-
tracting circuit has been operated and ground has been
connected to conductor 1649 of the Units Overtime group.
With relay 1803 operated a circuit is established from
ground on conductor 1649 of the Units Ovartime group,
cver the upper No. 4 contacts of relay 1895, over con-
ductor 1746, over the upper Mo. 2 contacts of register
relay 17964 and through the winding of relay 1743 to
battery. Relay 1743 thereupon operates, and with re-
lay 1784 operated, establishes a circuit from ground,
over the upper No. 6 contacts of relay 1885, over con-
ductor 1744, over the lower No. 1 contacts of relay
1764, and over the inner upper front contact of relay
1743 to conductor 1821 of the Tens Overtime Pericds
group extending to the multiplying circuit. In addition,
relay 1743 conmects ground over ifs upper contacts to
conductor 1838 of the Units Overtime Periods group.
Thus the result of dividing the forty-nine minutes’ over-
time period by five is to produce an indication of ten
five-minute periods of overtime since conversation over-
ran the ninth five-minute period by four minutes.

As another example it will be assumed that the over-
time period of conversation was ten minutes and that
therefore the tens register relay 1781 of the subtracting
circuit has been operated and ground has been connected
to conducior 1658 of the Units Overtime group. With
relay 18635 operated a circuit is established from ground
over the upper No. 6 contacts of relay 1835, over con-
ductor 1744, over the lower No. 1 contacts of relay 1761
to conductor 1824 of the Tens Overtime Periods aroup
extending to the multiplying circuit. In addition, a cir-
cuit is extended from grouaded units conductor 1658,
over the upper MNo. 5 contacts of relay 1885, over con-
ductor 1747, over the upper No. 3 contacts of relay 178
and to conductor 1832 of the Units Overtime Periods
group extending to the multiplying circuit. Thus the
result of dividing the ten minutes’ overtime period by
five is to preduce an indication of two five-minute periods
of overtime.
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Determination of charge for overtime period of
conversation

After the determination of the number of overtime
periods of conversation, through the operation of the
dividing circuit, the charge to be made for the entire
overtime conversational period may be determined by
multiplying the number of cvertime periods by the charge
to be made for each period as prescribed by the op-
erated charge route relay 2436. For example the charge
may be at the rate of 5 cents or at the rate of 10 cents
for each of the overtime periods. It has been previously
assumed that with the charge route relay 1436 operated,
the D2 relay 1802 was operated to divide the total elapsed
overtime, assumed to be twelve minutes, by two. As
a consequence, the dividing circuit of Fig. 18 has con-
nected ground to the No. 0 conductor 1829 of the Tens
Overtime Periods group and to the No. § conductor
1836 of the Units Overtime Periods group representative
of six two-minute periods of overtime. It will now be
assumed that with the charge route relay 1436 operated,
a circuit is established from ground over the inner right
contacts of relay 1436, over the inner right front con-
tact of relay 1439, over conductor 1442 and strapped
terminals of cross-connecting rack 1988 through the wind-
ing of the MS relay 1981 to battery. Relay 1961 there-
upon operates indicative of the fact that each two-minute
overtime period is to be charged at the rate of 5 cents
for each period. In other words the assumed six two-
minute overtime pericds are to be multiplied by five.

It was assumed that conducter 1829 was grounded in-
dicative of a tens digit 0 of the number of two-minute
elapsed time intervals and therefore as a result the cir-
cuit of the O relay 1918 is established resulting in the
operation of relay 1918. It is obvious that in multi-
plying by five the cents in the product will always be
either zero or five, a zero being obtained when the in-
coming units digit is even and a five being obtained
when the incoming units digit is odd. This result is
accomplished in the circuit by providing a relay in each
odd incoming units conductor of the Units Overtime
Periods group, such relays being connected to the con-
ductors 1831, 1833, 1835, 1837 and 1839. These re-
lays are shown in the upper left portion of Fig. 19 desig-
nated 1921, 1923, 1925, 1927 and 1928, respectively,
and in turn control over their lower countacts, the oper-
ation of the ODD relay 1982 and over their upper con-
tacts contrel circuits for determining the proper digit
for the dimes place.

The determination of the dimes digit depends upon
whether the incoming tens digit is odd or even. This re-
sult is accomplished by providing a relay in each incoming
tens conductor of the Tens Overtime Periods group, such
relays being designated 19180 to 1919, inclusive, and con-
nected to the conductors 1829, 1821, etc. With the M5
relay 1981 operated, the operation of any one of the even
numbered relays 1919, 1912, etc. establishes a circuit
from ground over the lower contacts of relay 1961, over
the upper contacts of the operated tens relays 1910, 1912,
ete. and to battery through the windings of the ET relay
1993, or the operation of any one of the odd numbered
relays 1911, 1913, etc. establishes a circuit from ground
over the lower contacts of relay 1903, over the upper
contacts of the operated tens relays 1911, 1913, etc. and
to battery through the winding of the OT relay 1904.
Thus if the incoming tens digit is odd and OT relay 1984
is operated, the incoming units digit 0 or 1 determines
that the dimes calculation shall be 5, the incoming units
digit 2 or 3 determines that the dimes calculation shall
be 6, the incoming units digit 4 cr 5 determines that the
dimes calculation shall be 7, the incoming units digit 6
or 7 determines that the dimes calculation shall be 8
and the incoming units digit 8 or 9 determines that the
dimes calculation shall be 9. However, if the incoming
tens digit is even and ET relay 1903 is operated, the in-
coming units digit 0 or 1 determines the dimes calculation
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shall be 0, the incoming units digit 2 or 3 determines that
the dimes calculation shall be 1, etc.

The incoming tens, in addition to' determining the
grouping of the incoming units to determine the dimes
calculation, also determines the number of dollars of the
charge. Thus if the tems digit is 0 or 1 and the relay
1919 or 1211 is operated, the dollars calculation becomes
0, if the tens digit is 2 or 3 and relay 1312 or 1313 is op-
erated, the dollars calculation becomes 1, if the tens digit
is 4 or 5 and relay 1914 or 1915 is operated, the dollars
caleulation becomes 2, if the tens digit is 6 or 7 and relay
1916 or 1917 is operated, the dollars calculation becomes
3 or if the tens digit is 8 or 9 and relay 1918 or 1919 is
operated, the dollars calculation becomes 4. Thus the
number of overtime periods is calculated into dollars,
dimes and cents to represent the price of the overtime
period of conversation.

Reverting now to the assumption that for an overtime
period of twelve minutes or six two-minute periods, the
tens relay 1918 is operated as previously assumed, then
since the units digit is 6, no relay of the group 1921,
1923, etc. is operated and consequently the ODD relay
1902 is not operated. With the even tens digit relay
1910 operated, the ET relay 1903 is operated as previous-
ly described. With relay 19€1 operated a circuit is estab--
lished from ground over its inner lower contacts, over
the inner lower contacts of cperated relay 1910 and over
the left No. 5 back contact of the DL relay 1995 to
conductor 1938 of the Price Dollars group indicative of
a zero dollar price for the overtime period. With ground
connected to conductor 1836 as previously described,
ground on such conductor is extended over the lower No.
2 contacts of the operated relay 1903, over the upper
No. 1 back contact of the DM—CT relay 1906, to con-
ductor 1943 of the Price Dimes group indicative of a
three dimes price for the overtime period. Also with
the ODD relay 1992 unoperated, ground is connected
over the upper contacts of relay 1981, over the upper
back contact of relay 1902 and over the upper No. 6 back
contact of relay 1986 to conductor 1950 of the Price
Cents group indicative of a zero cents price for the over-
time period. Thus the total indicated charge for the
overtime period is calculated to be 30 cents.

As a further illustration, it will be assumed that there
were fifteen overtime periods of conversation and that

" ground has therefore been applied to the incoming tens

conductor 1821 thereby causing the operation of the odd
tens group relay 1911 and that ground has been applied
to the incoming units conductor 1835, thereby causing the
operation of the odd units relay 1925 and a consequent
operation of the ODD relay 1902. As previously de-
scribed, the odd tens relay 1911 upon operating has in
turn caused the operation of the OT relay 1904. With
relay 1961 operated a circuit is established from ground
over the inner lower contacts of such relay, over the inner
lower contacts of operated relay 1911 and over the left
No. 5 back contact of the DL relay 19205 to conductor
1939 of the Price Dollars group indicative of a zero dollar
price for the overtime period. With relay 1925 oper-
ated, a circuit is established from ground over its upper
contacts, over the lower No. 1 contacts of the operated
OT relay 1964 and over the lower No. 4 contacts of the
DM—CT relay 1986 to conductor 1947 of the Price
Dimes -group indicative of a seven dimes price for the
overtime pericd. Also with the ODD relay 1982 oper-
ated, ground is connected over the upper contacts of relay
1801, over the upper front contact of relay 1902 and over
the upper No. 5 back contact of the DM—CT relay 1906
to conductor 1955 of the Price Cents group indicative of
a five cents price for the overtime period. Thus the total
indicated charge for the overtime period is calculated
to be 75 cents.

As a further example, it will be assumed that there
were twenty-one overtime periods of conversation and
that ground has therefore been applied- to the incoming
tens conductor 1822 thereby causing the operation of the
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event units relay 1912 and the consequent operation of the
ET relay 1993 and that ground has been applied to the
incoming units conductor 1821 thereby causing the opera-
tion of units relay 1921 and the consequent operation of
the ODD relay 1992. With relay 1901 operated, a circnit
is established from ground over the inner lower contacis
of such relay, over the inner lower contacts of relay 1912
and over the left No. 4 back contact of the DL relay 1965
to conductor 1931 of the Price Dollars group indicative
of a one dollar price for the overtime period. With re-
lay 1921 operated, a circuit is established from ground
over its upper contacts, over the upper o. 4 contacts of
operated relay 1983 and over the upper No. 4 back con-
tact of the DM—CT relay 1966 to conductor 1946 of the
Prics Dimes group indicative of a zero dimes price for the
overtime period. Also with the ODD relay 1902 oper-
ated, ground is connecied over the upper contacts of relay
1901, over the upper front contact of relay 1962, and
over the upper No. 5 back contact of the DM—CT relay
1966 to conductor 1955 of the Price Cents group indica-
tive of a five cent price for the overtime period. Thus
the total indicated charge for the overtime period is cal-
culated to be $1.05.

It is obvious that in multiplying by ten, if the charge
is to be ten cents for each unit of overtime, it is only
necessary to treat the incoming tens and units as dollars
and dimes, respectively and to connect ground to conduc~
tor 1958 of the Prince Cents group. To accomplish this
the M9 relay 1987 will be operated under the control of
the charge route relay 14386, the tens relays 1910 to 1919,
inclusive, being instrumental in determining the dollar
values in the product. The M9 relay 1987 cuts through
the incoming conductors of the Units Overtime Periods
group without medifying their numerical values. As an
example, it will be assumed that there are fifteen periods
of overtime and that as a consequence ground has been
applied to the incoming tens conductor 1821 thereby
causing the operation of the tens relay 1911 and that
ground has been applied to the incoming units conductor
1835 thereby causing the operation of the units relay
1925, With relay 1987 operated, ground is connected
over its upper No, 6 contacts, over the lower contacts of
relay 1911 and over the No. 4 left back contact of the
DL relay 1585 to conductor 1931 of the Price Dollars
group indicative of a one dollar price for the overtime
period. Also a circuit is established from ground over
the upper contacts of operated relay 1925, over the upper
No. 1 contacts of the M19 relay 1987 and over the lower
No. 2 back contact of the DM—CT relay 1986 to con-
ductor 1945 of the Price Dimes group representative of
a five dimes price for the overtime period. In addi-
tion relay 1297 connects ground over its upper No. 7
contacts and the upper No. 6 back contact of the DM—
CT relay 1986 to conductor 1950 of the Price Cents
group indicative of a zero cents price for the overtime
period. Thus the total indicated charge for the overtime
period is calculated to be $1.50.

Adding the charge for the initial period of conversation

The output of the multiplying circuit of Fig. 19 in
dollars, dimes and cents represents the complete charge
for the overtime period and in order to arrive at the
total charge for the call it is necessary to add the charge
of the inmitial period. This initial charge as indicated
on the preceding table of basic rates may be any value
from 5 to 35 ceats inclusive, in multiples of five cents.
The amount of the initial charge to be added is deter-
mined by the circuits disclosed in Fig. 20 under the con-
trol of the charge route relay 1436 which connecis
ground over its -outer right contacts, the outer right front
contact of relay 1439 and conductor 1443 to a terminal
on cross-connecting rack 2648 which may be cross-con-
nected to the winding of any one of the AS, A10, AiS,
A20, A25, A39 and A35 relays designated 2005, 2010,
2015, 2629, 2625, 2039, and 2835, respectively, If the
amount of the initial charge is 5 cents, and the A5 relay
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2005 is operated, the tens charge represented by ground
connected to either incoming conductor 3930 or 1985
of the Price Cents group iz changed from a 0 to 5 or
vice versa. For example, ii ithe charge for the overtime
period was 30 cents conductor 1936 of the Price Dollars
group, conductor 1943 of the Price Dimes group and
coaductor 1850 of the Price Units group were grounded.
With relay 2§05 operated conductor 1258 is extended over
the inner contacts of relay 2685 to conductor 2853 of the
Total Ceats group representative of the addition of 3
cents in the cents place for the total charge for the call.
Since the input was registered as § cents it was not neces-
sary to carry ome in the dollars or dimes places and
consequently the DL relay 2081 is not operated and
grounded conductor 1930 is therefore extended over the
lower No. 5 back contact of relay 2891 io conductor
2340 of the Total Dollars group extending to the prog-
ress circuit, representative of a zero dollar charge in the
dollars place. Also the DM relay 2892 is not oper-
ated and grounded conductor 1943 is therefore extended
over the upper No. 3 back contact of relay 2662 and
over the upper No. 3 back contacts of uncperated re-
lays 2010, 2020 and 2039 to conductor 2863 of the Total
Dimes group extending to the progress circuit indicative
of a digit 3 in the dimes place. Thus the total indicated
charge for the call is calculated to be 35 cents.

If, however, the input registered a 5 in the units place
as for an overtime charge of 75 cents, then it would be
necessary to carry one in the dimes place. This is ac-
complished by the operation of the DM relay 2662 under
the control of the AS relay 2865 and the ODD relay
1902 of Fig. 19 which is always operated if the cents
price for the overtime period is odd or 5 cents. Under
these conditions the circuit for relay 2662 may be traced
from ground over the lower contacts of relay 29885,
over the lower contacts of relay 1902, over the inner
upper contacts of the M3 relay 1991, which wonld also
be operated, over conductor 2094 and through the wind-
ing of the DM relay 2062 to battery. No circuit is,
however, effective at this time for the DL relay 2881,
Under the assumption that the charge for the cvertime
period was 75 cents, ground is comnected to conductor
1939 of the Price Dollars group, to conductor 1947 of
the Price Dimes group and to conductor 1935 of the
Price Cents group. With relay 2005 operated conductor
1955 is extended over the upper front contact of relay
2695 to conductor 2650 of the Total Cents group repre-
sentative of the addition of 5 cents in the tens place for
the total charge for the call.. With the DM relay 2682
operated, grounded conductor 1947 is extended over the
lower No. 2 front contact of relay 2902 and over the
lower No. 3 back contacts of relays 2010, 2829 and
2030 to conductor 2068 of the Total Dimes group repre-
sentative of an increase of one in the dimes place.
With the DL relay 2001 unoperated, grounded conductor
1930 is extended over the upper No. 5 back contact of
relay 2001 to conductor 2040 of the Total Dollars group
representative of a zero dollar charge in the dollars
place. Thus the total indicated charge for the call is
calculated to be 80 cents.

In the event that the input to the circuit of Fig. 20
is registered as 95 cents by the connection of ground
to conductors 1930, 1949 and 1955, the operation of the
A5 relay 2005 is instrumental as before in exiending the
grounded conducter 1955 to conductor 2030 and in the
operation of the DM relay 2882 indicative of the neces-
sity for adding one in the dimes place. Now, however,
with relay 2002 operated and ground connected to the
incoming conductor 1949, a circuit is established from
such conductor over the lower No. 4 front coatact of
relay 2062 and through the winding of the DL relay 2081
to battery, whereupon relay 2081 operates indicative of
the necessity for adding one in the dollars place. With
relay 2081 operated, grounded conductor 1930 now be-
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comes connected over the lower No. 5 front contact of
relay 2891 to conductor 2841 of the Total Dollars group
representative of a one in the dollers place. A circuit
is also established from ground over the outer left back
contact of the A3D relay 20606, over the left back con-
tact of the A2D relay 2607, over the left back contact of
the ALD relay 2668, over the lower No. 6 contacts of
the DM relay 2801, thence over the lower No. 5 back con-
tacts of relays 2010, 2020 and 2030 to conductor 2066
indicative of an increase of one in the dimes place.
With ground thus connected to conductors 2041, 2669
and 2050 the total calculated charge for the call is now
indicated as $1.00.

If the initial pericd of conversation is to be charged
at the rate of 10 cents then the A10 relay 2618 is oper-
ated. With relay 2085 now unoperated, no change is
made in the units place but one is added in the dimes
place and if the incoming conductor 1949 is grounded
representative of a nine in the dimes place, the oper-
ation of relay 201§ causes the operation of the DL relay
2001 to add one in the dollars place. Thus assuming
the charge for the overtime period of conversation to
have been 95 cents and conductors 1936, 1949 and 1935
therefore grounded, the operation of the A1 relay 2010
extends conductor 1949 over the lower No. 4 back con-
tact of relay 2662, over the lower No. 4 front contact of
relay 2018, through the winding of the A1D relay 2908
to battery, whereupon relay 2008 operates and estab-
lishes a circuit for the DL relay 2001, which circuit may
be traced from ground over the outer left back contact
of relay 2096, over the left back contact of relay 2667,
over the left front contact of relay 26988 and through
the winding of relay 2001 to battery. Relay 2001 there-
upon operates and extends conductor 1930 over its lower
No. 5 front contact to conductor 2041 of the Total Dollars
group. With relay 2018 operated, a circuit is established
from ground on conductor 1949, over the lower No. 4
back contact of relay 2002, over the lower No. 4 front
contact of relay 2018, over the right contacts of relay
26838 and over the lower No. 5 back contacts of relays
2929 and 2038 to conductor 2060 of the Total Dimes
group. With relay 2005 unoperated, conductor 1955
is extended over the upper back contact of relay 2685
to conductor 2055 of the Total Cents group. Thus the
total calculated charge for the call is now indicated by
the grounding of conductors 2041, 2¢6% and 2055 as
$1.05.

If the initial period of conversation is to be charged
at the rate of 15 cents, then the Al1S relay 2015 is op-
erated which in turn causes the operation of the AS relay
2005 and the A19 relay 2018. The operation of relay
2005 causes the addition of 5 cents to the charge for the
overtime period and the operation of relay 2018 causes
the addition of an additional 10 cents. As an example,
it will be assumed that the overtime charge for the call
was 30 cents as indicated by the connection of ground
to conductors 1930, 1943 and 1950. With the AS relay
2895 now operated, grounded conductor 1950 is extended
over the inner lower front contact of relay 28¢5 to con-
ductor 2055 of the Total Cents group, but since the in-
coming cents value is zero and consequently relay 1962
is not operated, relay 2805 is not instrumental in causing
the operation of DM relay 2002. Grounded conductor
1943 is now extended over the upper No. 4 back contact
of relay 2002, over the upper No. 3 front contact of the
A19 relay 2019 and over the upper No. 3 back contacts
of relays 2029 and 2030 to conductor 2064 of the Total
Dimes group. The DL relay 2081 is not operated and
therefore conductor 1938 is extended over the lower No.
5 back contact of relay 2001 to conductor 2840 of the
Total Dollars group. Thus the total charge for the call
is now indicated through the grounding of conductors
2040, 2064 and 2035 as 45 cents.

As a further example, it will be assumed that the charge
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for the overtime period of conversation was 95 cents as
indicated by the connection of ground to conductors 1930,
1949 and 1955. With the AS relay 2665 now operated,
ground connected to conductor 1255 is extended over the
upper front contact of relay 2865 to conductor 2658 of
the Total Cents group and since the incoming cents value
is odd and relay 1902 is operated, the operation of relay
2005 establishes the previously-traced circuit for the DM
relay 28%2. Grounded conducter 1942 is now extended
over the lower No. 4 front contact of relay 2002 and
through the winding of the DL relay 2601 which relay
operates and over its lower No. 5 front contact connects
grounded conductor 1938 to conductor 2041 of the Total
Dollars group and establishes a circuit from ground over
the left back contacts of relays 2086, 2697 and 2088,
over the lower No. 6 contacts of relay 2621, over the
lower No. 5 front contact of the A1€ relay 201¢ and
over the upper No. 5 back contacts of relays 2028 and
2639 to conductor 2861 of the Total Dimes group. Thus
the total charge for the call is now indicated by the
erounding of conductors 2841, 2061 and 2956 as $1.10.

As a still further example, it will be assumed that the
charge for the overtime period of conversation was 90
cents as indicated by the grounding of conductors 193¢,
1949 and 1958. With the AS relay 2885 now operated,
ground connected to conductor 195§ is extended over
the inner lower front contact of relay 2885 to conductor
2855 of the Total Cents group and since the incoming
cents value is even, no circuit is established to cause the
operation of the DM relay 2082. Grounded conductor
1949 is now extended over the lower No. 4 back contact
of relay 2082, the lower No. 4 front contact of the op-
erated A10 relay to battery through the winding of the
A1D relay 2008 which extends its operating ground over
its right contacts and over the lower No. 5 back contacts
of relays 2020 and 2630 to conductor 2669 of the Total
Dimes group. Relay 2898 also establishes over its left
front contact the previcusly traced circuit for the DL relay
2001 which now operates and extends conducter 1236
over its lower No. 5 front contact to conductor 2041
of the Total Dollars group. Thus the total charge for
the call is now indicated by the grounding of conductors
2041, 2069 and 2655 as $1.05.

If the initial period of conversation is being charged
at the rate of 20 cents, then the A20 relay 2029 is op-
erated to cause a shift of two in the dimes place. As an
example, it will be assumed that incoming conductors
1930, 1943 and 1959 have been connected to ground in-
dicative of an overtime charge of 30 cents. MNow with
the AS relay unoperated, conductor 1958 is extended over
its Jower back contact to conductor 2858 of the Total
Cents group and with the A29 relay 2029 operated, con-
ductor 1943 is extended over the upper No. 3 back con-
tact of relay 2002, over the upper No. 3 back contact
of relay 2010, over the upper No. 3 front contact of
relay 2020 and the upper No. 1 back contact of relay
2830 to conductor 2065 of the Total Dimes group. The
DL relay 2001 is not operated and therefore conductor
1939 is extended over the lower No. 5 back contact of
relay 26901 to conductor 2049 of the Total Dollars group.
Thus the total charge for the call is now indicated by
the grounding of conductors 2040, 2065 and 2850 as 50
cents.

As a further example, it will be assumed that the
charge for the overtime period of conversation was 93
cents, as indicated by the grounding of conductors 1938,
1949 and 1955. With the A5 relay 2905 unoperated, con-
ductor 1955 is extended over the upper back contact of
relay 2005 to conductor 2835 of the Total Cents group
and with the A28 relay 2028 operated, conductor 1943
is extended over the lower No. 4 back contact of relay
2082 over the lower No. 4 back contact of relay 2618,
over the lower No. 4 front contact of relay 2620 and
to battery through the left winding of the A2D relay
2007, Relay 2007, upon operating extends its operating
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ground over its inner right contacts to.conductor 2061
of the Total Dimes group and establishes a circuit from
ground at the left back contact of relay 2006 over its
left front contact and through the winding of the DL
reiay 2891 to battery. Relay 2001 therefore operates
and extends conductor 193¢ over its lower No. 5 fromt
contact to conductor 2841 of the Total Dollars group.
Thus the total charge for the call is now indicated through
the grounding of conductors 2041, 2061 and 2055 as $1.15.

Had the charge for the overtime period been 85 cents
as indicated by the grounding of conductors 1930, 1948
and 1953, then with relay 2605 unoperated, ground would
have been extended from conductor 1955 to conductor
2055 and ground on conductor 1948 would have been
extended over the lower No. 3 back contact of relay
2602, over the lower No. 3 back contact of relay 2010
and over the lower No. 3 front contact of relay 20620 to
battery through the right winding of the A2D relay 2007,
Relay 2607 upon operating would then have extended its
operating ground over its outer right contacts to con-
ductor 2889 of the Total Dimes group and would have
caused the operation of the DL relay 2001 to extend
conductor 1939 to conductor 1941 of the Total Dollars
group. Thus the total charge for the call would have
been indicated through the grounding of conductors 2041,
2569 and 2055 as $1.05.

if the initial period of conversation is to be charged
at the rate of 25 cents, then the A25 relay 2025 is op-
erated in turn causing the operation of the A5 relay 2005
and the AZ26 relay 2920. Relay A5 functions as previ-
ously described to cause the operation of the DM relay
2862 to increase the value in the dimes place by one if
the cents value of the charge for the overtime period is
odd and relay 228 functions in the manner previously
described to increase the value in the dimes place by two
and to increase the value in the dollars place by one if
the dimes value of the charge for the overtime period
is either 8 or 9 and ground is connected to either con-
ductor 1948 or 1945,

If the initial period of conversation is to be charged
at the rate of 30 ceats, then the A30 relay 2030 is oper-
ated. With the A5 relay 2005 unoperated, the value in
the cents piace remains unchanged but the value in the
dimes place is increased by three. As an example, it
will be assumed that the charge for the overtime period
was 30 cents and that therefore ground has been con-
nected to conductors 1930, 1943 and 1950. With relays
2001 and 2883 both unoperated, conductor 1930 is ex-
tended over the lower No. 5 back contact of relay 2001
to conductor 1948 of the Total Dollars group and con-
ductor 1959 is extended over the lower back contact of
relay 2085 to conductor 2050 of the Total Cents group.
Conductor 1243 is also extended over the upper No. 3
back contacts of relays 2662, 2010 and 2020 and over
the upper No. 3 front contact of operated relay 2039 to
conductor 2865 of the Total Dimes group. Thus the
total charge for the call is indicated by the grounding of
conductors 2044, 2666 and 2050 as 60 cents.

As a further example, it will be assumed that the
charge for the overtime period was 70 cents and that
therefore ground has been connected to conductors 1930,
1947 and 1988. With relay 2005 unoperated, conductor
1950 is extended to conductor 2050 of the Total Cents
group. Grounded conductor 1947 is also extended over
the lower No. 2 back contacts of relays 2002, 2610 and
2028 and over the lower No. 2 front contact of relay
2636 through the right winding of the A3D relay 2006
to battery. Relay 20686 thereupon operates and extends
its operating ground over its inner right contacts to con-
ductor 2069 and at its outer left front contact establishes
the circuit of the DL relay 2001 which, upon operating,
extends grounded conductor 1930 over its lower No. 5
front contact to conductor 2041 of the Total Dollars
group. Thus the total charge for the call is now indi-
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cated by the grounding of conductors 2041, 2060 and
2050 as $1.00.

In a similar manner if the overtime period was charged
at 80 cents or 90 cents, ground on conductor 1948 or
1945 would cause the operation of the A3D relay 2806
over either its middle or left winding. If relay 2006 is
energized over its middle winding, its operating ground
is extended over its outer right contacts to conductor
2061 of the Total Dimes group and the DL relay 2001
is operated to connect conductor 1930 to conductor 1941
of the Total Dellars group, and if energized over its left
winding, its operating ground is extended over its inner
left contacts to conductor 2662 of the Total Dimes group
and the DL relay 2881 is operated to connect conductor
1930 tc conductor 1941 of the Total Dollars group. In
the case of the 80-cent call, the total charge is increased
to $1.16 as indicated by the grounded conductors 2041,
2861 and 2859 and in the case of the 90-cent call, the
total charge is increased to $1.20 as indicated by the
grounded conductors 2041, 2062 and 2050.

if the initial period of conversation is to be charged
at the rate of 35 cents, then the A3% relay 2035 is oper-
ated in turn causing the operation of the A3 relay 2005
and the A38 relay 2020. Relay A5 operates as pre-
viously described to cause the operation of the DM relay
2092 to increase the value in the dimes place by one
if the cents value of the charge for the overtime period
is odd and relay 2039 increases the value in the dimes
place by three and increases the value in the dollars
place by one if the dime value of the charge for the
overtime period is either 7, 8 or 9 and ground is connected
to either conductor 1947, 1948 or 1949,

The conductors of the Total Dollars, Total Dimes and
‘Total Cents group are connectable to the terminals of the
cross-connecting rack 2100 of Fig. 21, connected to a
card punching machine of a well-known type, through
the successive operation of the DC, DMC and NC
progress relays 2181, 2162 and 2103 under the control
of the progress switch 1350 of Fig. 13 as later described.
In addition, the conductors of these groups are instru-
mental in controlling the circuits of Fig. 21 to determine
the federal tax to be assessed for a toll call.

Computation of the Federal tax

To compute the tax the dollar register relays 0D to SD
and designated 2116 to 2119, inclusive, are provided,
with their windings connected respectively to the con.
ducters of the Total Dollars group having corresponding
digital values. For example, the winding of the 0D re-
lay 2119 is connected to conductor 2049, the winding of
the 1D relay 2111 is connected to conductor 2041, and
so forth. Also, the ten O to 9 windings of relays 2120
to 2126, inclusive, are connected to conductors of the
Total Dimes group having corresponding digital values.
For example, the winding of the 0 relay 21290 is con-
nected to conductor 2669, the winding of the 1 relay
2121 is connected to conductor 2661, the winding of
the 2 relay 2122 is connected to conductor 2062, the 3
winding of relay 2123 is connected to conductor 2063, the
4 winding of relay 2123 is connected to conductor 2064,
and so forth. The winding of the 5C relay 23127 is also
connected to conductor 2055 of the Total Cents group
and when operated registers a nickel charge in the cents
place of the tax charge for a call.

It is assumed that in accordance with the federal law
no tax is to be assessed on calls up to and including 20
cents. Consequently, with the 0D relay 2110 operated
to register the zero dollars value for a call and with
any one of the 0, 1 or 2 relays 2120, 2121 or 2122 oper-
ated to register a 0, 1 or 2 in the dimes place for the call,
ground is connected over the lower front contact of re-
lay 2110 and over the inner upper contacts of the oper-
ated relay 2120 or 2121, or over the inner upper con-
tacts of relay 2122 and the inner upper back contact of



the 5C relay 2127 to conductor 2150 indicative of a zero
value of cents for the tax. With the 0D relay 2116 oper-
ated, ground is also connected from the lower contacts
of the operated relay 2120, 2121 or 2122 over the inner
lower contacts of relay 211@ to conductor 2169 indica-
tive of a zero value of dimes for the tax, and with the 9D
relay 2119 unoperated ground is connected over its lower
back contact to conductor 2176 indicative of a zero value
of dollars for the tax.
are at the appropriate time successively connected to the
No. 0 terminal on the cross-connecting rack 2162 to
control the No. 0 punch of the card punching machine
upon the successive operation of the DT, DMT and NT

relays 2104, 2105 and 2106 under the control of the .~

progress switch 1350 as will be later described.

With the 2 relay 2122 and the 5C relay 2127 both
operated indicative of a toll charge of 25 cents, the cents
of the tax is changed to 5 by the connection of ground
over the lower front contact of the 0D relay 2110, over
the inner upper contacts of the 2 relay 2022 and over the
inner upper front contact of the 5C relay 2127 to con-
ductor 2155 indicative of a nickel tax. The operation
of the OD relay 2110, the 2 relay 2122 and the non-
operation of the 9D relay 2119 cause the connection of
ground to conductors 2160 and 2170 as before so that
when the progress relays 2164, 2165 and 2105 are subse-
quently operated, ground is connected twice to the No. 0
terminal and then to the No. 5 terminal of the rack 2189
to control the card punching machine to punch 005 in
the card indicative of a 5-cent tax.

On 2 call for which the total charge was 30, 35, 40 or
45 cents on the 0D relay 2118 will be operated and relay
2123 will be operated over its 3 or 4 winding dependent
upon whether the tens digit was 3 or 4 and the 9D
relay 2119 will not be operated. As a consequence
ground will be connected over the lower back contact
of relay 2119 to conductor 2179, ground will be con-
nected over the upper contacts of relay 2123 and the
inner lower contacts of relay 2118 to conductor 2160
and ground will be connected over the lower contacts
of relay 2123 to conductor 2155. If, howsver, the 5
relay 2124 is operated rather than relay 2123 for a tens
digit 5, ground is connected as just described to conduc-
tor 217, but ground is connected to conductor 2168
over the inner lower contacts of relay 2110 and over
the inner lower contacts of relay 2124, from the lower
back contact of the 5C relay 2127 and ground is con-
nected to conductor 2155 over the inner lower back con-

tact of relay 2127 and over the lower contacts of relay 5

2124. Thus until the charge for the call exceeds 50
cents, the card punching machine is still controlled
to punch 005 in the card indicative of a 5-cent tax. Thus
until the charge exceeds 50 cents and the 5C relay 23127
operates together with the relay 2124 for a 55-cent call,
or either relay 2125 or 2126 operates with or without
relay 2127 for a call over 55 cents but less than $1.00
the tax is also calculated at 5 cents.

Each increment in the tens place of 50 or a fraction
thereof results in an increase in the tax by 5 cents. If
it be assumed that the total charge for the call was 55
cents and as a consequence the 0D relay 2118, the 5C
relay 2127 and the 5 relay 2124 are all cperated, but
the 9D relay 2119 is not operated, ground is connected
to conductor 2179 over the lower back contact of relay
2119 as before, and ground is applied to conductor 2161
over the upper contacts of relay 2119, over the upper
contacts of relay 2124 and to ground over the lower
front contact of relay 2127 and ground is also con-
nected over the lower contacts of relay 2124 and the
iI;ner lower front .contact of relay 2127 to conductor
2150.

If the charge for the call is 60, 70, 80 or.90 cents,

either relay 2125 or relay 2126 will be operated resulting .

in the connection of ground over the upper contacts of

Conductors 2170, 2160 and 2150 -
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such relay and the upper contacts of relay 2110 to con-
ductor 2161 and the connection of ground over the
lower contacts of such operated relay 2125 or 2126
to conductor 2150. If the charge for the call is 65, 75,
85, or 95 cents either relay 2125 or 2126 will be oper-
ated and relay 2127 will also be operated but without
effect. Either relay 2125 or 2126 will connect ground
over its upper contacts and the upper contacts of relay
2110 to conductor 2161 and will connect ground over
its lower contacts to conductor 2159. If the charge
for the call was $1.00 then the ID relay 2111 and the
0 relay 2129 will be operated and the 0D and 9D relays
2110 and 2119 will be unoperated. Ground will there-
fore be connected to conductor 2161 over the lower
contacts of relay 2111 and over the lower contacts of
relay 2128 and ground will be connected over the lower
back contact of relay 2116, over the upper contacts of
relay 2126 and over the upper back contact of relay

. 2127 to conductor 21580. With relay 211% unoperated,
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ground is connected to conducior 2178. Thus on all calls
over 50 cents but less than $1.05 conductors 2179, 2161
and 2150 are grounded and when thereafter the progress
relays 2104, 2105 and 2106 are sequentially operated
such conductors are successively connected to the Nos.
0, 1 and 0 terminals on rack 2109 to conmtrol the card
punching machine to punch 010 in a card indicative of
a 10-cent tax.

It is obvious that a value between $1.05 and $1.20,
inclusive, should register a 15-cent tax. A shift to
accomplish this change from the arrangement for 5
to 20 cents as previously described is made by the re-
lease of the OD relay 2116 which, when released, con-
nects ground to the upper strapped contacts of the 0, 1

- and 2 relays 2120, 2121 and 2122. For example, if the
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total charge for the call was $1.05, then 1D relay 211l
0 relay 2120 and 5C relay 2127 are operated. Ground is
now connected from the lower contacts of relay 2129
over the lower contacts of relay 2111 to conductor 2161
and ground is connected over the lower back contact of
relay 21106 over the upper contacts of relay 2128 and
the upper front contact of relay 2E27 to conductor 2155.
If the charge for the call is $1.10 or $1.20 either relay
2121 or 2122 will be operated but relay 2127 will not
be operated and ground will be connected over the
lower contacts of either relay 23121 or relay 2122 and
over the lower contacts of relay 2112 to conductor 2161
and ground will be connected from the lower back con-
tact of relay 2110 and over the upper contacts of either
relay 2121 or relay 2122 to conductor 2155, If the
charge for the call is $1.15 or $1.25 either 2121 or
2122 will be operated and relay 2127 will also be oper-
ated but without effect and greund will be connected
over the lower contacts of either relay 2121 or relay

- 2122 and over the lower contacts of relay 2111 to con-

ductor 2161 and ground will be connected from the lower
back contact of relay 2116 over the upper contacts of
either relay 2121 or 2122 to conductor 2185. In each
case ground will be connected over the lower back con-

. tacts of relay 2119 to conductor 217¢. Thus with ground
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connected to conductors 2178, 2161 and 2155, when later
the progress relays 2104, 2165 and 2186 are sequentially
operated, such conductors are successively connected to
the Nos. 0, 1 and 5 terminals of rack 2180 to control
the card punching machine to punch 015 in a card
indicative of a 15-cent tax.

For calls of $1.30 to $1.50, inclusive, one of relays
2123 or 2124 will be operated and relay 2127 will also
be operated if the charge were S in the cents place. With

. relay 2123 operated for call charge of $1.30, $1.35, $1.40

or $1.45, ground is connected over the upper contacts of
relay 2123 and over the lower contacts of relay 2111 to
conductor 2161 and ground is connected over the lower
contacts of relay 2123 to conductor 2155. With relay

.. 2124 operated for.a $1.50 call ground is connected from

the lower back contact of relay 23127, over the innmer
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lower contacts of relay 2124 and over the lower contacts
of relay 2111 to conductor 2161 and ground is con-
nected over the lower cont cts of relay 2124 and the
inner lower back contact of relay 2127 to conductor 2155.
Ground is also connected as before to conductor 2170.
Thus with ground connected to conductors 2170, 2161
and 2155, when later the progress relays 2104, 2105 and
2106 are sequentially operated, such conductors are suc-
cessively connected to the Nos. 0, 1 and 5 terminals of
rack 21690 to control the card punching machine to punch
0151in a card indicative of a 15-cent tax.

For calls of $1.55 to $1.95, inclusive, one of relays
2124, 2125 and 2126 will be operated and relay 2127 will
also be operated if the charge was 5 in the cents place.
With relay 2124 operated together with relay 2127 on a
call charge of $1.55 ground is connected to conductor
2162 over the lower front contacts of relay 2127, over
the upper contact of relay 2124 and over the upper con-
tacts of relay 2111 to conductor 2162, and ground is
ccennected over the lower contacts of relay 2124 and
over the inner lower front contact of relay 2127 to con-
ductor 2150. With relays 2125 and 2126 operated for
call charges of $1.60 to $1.95, inclusive, ground is con-
nected over the upper contacts of either relay 2125 or
velay 2126, and over the upper contacts of relay 2111
to conductor 2162 and ground is connected over the lower
contacts of either relay 2125 or relay 2126 to conductor
2159 irrespective of the condition of relay 2127. Ground
will also be connected to conductor 2170 as previously
described. 'Thus with ground connected to conductors
2179, 2162 and 2150, when later the progress relays 2164,
2193 and 21056 are sequentially operated, such conductors
will be connected to the Nos, 0, 2 and 0 terminals of rack
2189 to control the card punching machine to punch 020
in a card indicative of a 20-cent tax.

For a call charge of $2.00 the 2D relay 2112 and the
0 relay 2128 will be Gperated and relays 2127 and 2119
will be uncperated. With relays 2120 and 2112 operated,
ground is connected over the lower contacts of relay 2520
and the lower contacts of relay 2112 to conductor 2162
and ground is connected from the lower back contact of
relay 2118, over the upper contacts of relay 2120 and
over the upper back contact of relay 2127 to conductor
2188. Ground is connected to conductor 2170 as be-
fore so that with ground connected to conductors 2170,
2162 and 2158 the card punching machine will be con-
trolled to punch 020 in a card indicative of a 20-cent tax.

In a similar manner the tax is calculated on a basis of
5 cents additional tax for each 50-cent increase in the
charge for the call. The maximum tax possible under
the basic rate schedule set forth in the preceding table
is $1.00 on a total call charge of $9.95 for a 99-minute
call. On a call charge of $9.95 the 9D relay 2119, relay
2126 and the 5C relay 2127 will be operated. With relay
operated ground is connected over the upper contacts of
relay 2126 and the upper contacts of relay 2119 to con-
ductor 2171 and ground is removed at the lower back
contacts of relay 2119 from conductor 2170, Ground
is also comnected over the upper contacts of relay 2126,
over the inner upper contacts of relay 2119 to conductor
216% and ground is connected over the lower contacts of
relay 212% to conductor 2159. With ground connected to
conductors 23171, 2160 and 2150, when later the prog-
ress relays 2104, 2105 and 2166 are sequentially op-
erated, such conductors will be connected to the Nos. 1, 0
and 0 terminals of rack 2160 to control the card punching
machine te puach 109 in a card indicative of a dollar tax.

No overtime

it will be recalled that on calls on which the elapsed
time is equal to or less than the initial period of conversa-
tion ground is connected to conductor NOT. A circuit
is thereby completed from such conductor through the
windings of the DM-CT relay 1806 and DL relay 1905
in parallel to battery. * With relays 1905 and 1906 op-
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erated all conductors of the Price Dollars group of Fig,
19 are disconnected at the back contacts of relay 1905,
conductors 1940 to 1949, inclusive, of the Price Dimes
greup are disconnected at back contacts of relay 1906
and conductor 1939 of the Price Cents group is discon-
nected at the upper WNo. 6 back contact of relay 19G6.
However, ground is connected over the upper No. 4
front contact of relay 1906 to conductor 1546 of the
Price Dimes group, ground is connected over the upper
No. 6 front contact of relay 1266 to conductor 1950
of the Price Cents group, and ground is connected over
the left MNo. 5 front contact of relay 1905 to conductor
1239 of the Price Dollars group. Thus with ground con-
nected to conductors 1938, 1946 and 1953, a calcula-
tion of no overiime charge is made so that the subsequent
addition of the charge for the initial period as calculated
by the addiiion circuits of Fig. 20 results in the extension
of such grounded conductors to conductors of the Total
Doillars, Total Dimes and Total Ceats groups in such
a manner as will be indicative only of the charge for the
initial period of conversation.

Transfer of registered and calculated information to
card punching machine

It will be recalled that following the complete registra-
tion of all information concerning the toll call received
from the ticket tape recorder, the progress switch 1359
of Fig. 13 was advanced one step out of its normal posi-
tion to position brush 135% in engagement with the No. 1
terminal of its associated arc. It will be recalled that
the assumed directory listing of the calling line was
AUDibon 1845 and that as a consequence the relays
613 and 516 of the Calling Code A register of Fig. 6
had been operated to register the digit 2 which is the
numerical equivalent of the code letter A. A circuit is
thereupon effective from ground on conductor GD, over
the upper normal contacts of stepping relay 1352, over
the upper back contact of relay 1388, over brush 1358,
over conductor 1358, over the mext to lower contacts of
register relay 615, the lower contacts of register relay
613 and to the No. 2 terminal cross-connected to the No.
2 terminal of rack 2189 of Fig. 21. The No. 2 punch
magnet of the card punching machine is thereby con-
trolled to punch a hole at the digit 2 space of the first col-
umn of the card whereupon contacts 2167 are closed in-
dicative of the operation of the punch and the card is
advanced in the usual manner preparatery to punching
in the next data column. The closure of contacts 2107
establishes an obvious circuit over conductor 2198 for
relay 1383 which thereupon operates and establishes over
its inner contacts an operating circuit for stepping relay
1352 which thereupon operates and locks over its lower
contacts to ground at the upper contacts of relay 1389
and at its upper transfer contacts disconnects ground from
the No. 2 terminal of cross-connecting rack 2109 to re-
lease the operated punch magnet. The punch magnet
upon releasing opens contacts 2367 which causes the re-
lease of relay 1389 to opea the operating and locking cir-
cuits of relay 1352 which relay thereupon releases. At
its upper front contact relay 1352 establishes the circuit
of stepping maguet 1351 of progress switch 1350 which
operates and then releases following the release of step-
ping relay 1352 to advance the brushes of switch 13590
one step.

With brosh 1355 on the second terminal of its arc
ground on conductor GD is applied over the upper nor-
mal contacts of relay 1352, over the upper back contact
of relay 1388, over brush 1355, over conductor 1359,
over the lower contacts of relay 626 and the next-to-inner
lower contacts of relay 624 of the Calling Code B regis-
ter of Fig. 6 to the No. 8 terminal cress-connected to the
No. 8 terminal of rack 2189 of Fig. 21. The No. 8
punch magnet of the card punching machine is thereby
controlled to punch a hole at the digit 8 space of the
second column of the card, whereupon contacts 2107 are
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¢losed indicative of the operation of the punch and the
card is  advanced in the usual manner preparatory to
punching in the next data column. The closure of con-
tacts 2187 causes the advance of the brushes of progress
switch 1389 another step in the manner previously de-
scribed.

With brush 1355 now on the third terminal of ifs arc,
ground on conductor GD is applied cver the upper nor-
mal contacts of relay 1352, over the upper back contact
of relay 1388, over brush 1353, over conductor 13568,
over the lower contacts of relay 766 and the lower con-
tacts of relay 785 of the Calling Code C register of Fig. 7
to the No. 3 terminal cross-connected to the No. 3 ter-
minal of rack 2188 of Fig. 21. The MNo. 3 punch mag-
net of the card punching machine is thereby controlled
to puich a hole at the digit 3 space of the third column
of the card, whereupon contacts 2167 are closed indica-
tive of the operation of the punch and the card is ad-
vanced in the vsual manner preparatory to punching in
the next data column. The closure of contacts 2197
causes the advance of the brushes of the progress switch
135¢ another step in the manner previously described.

With brush 1355 now on the fourth terminal of its arc,
ground on conductor GD is applied over the upper nor-
mal contacts of relay 1352, over the upper back contact
of relay 1388, over brush 1355, over conductor 1361,
over the lower contacts of relay 726 and the upper con-
tacts of relay 722 of the Calling Thous. register of Fig. 7
to the No. 9 termina] cross-connected to the No. § ter-
minal of rack 2109 of Fig. 21. The No. 9 punch of the
card punching machine is thereby controlled to punch a
hole at the digit 9 space of the fourth cclumn of the card,
whereupon contacts 2167 are closed indicative of the
operation of the punch and the card is advanced in the
usual manner preparatory to punching in the next data
column. The closure of contacts 2187 causes the ad-
vance of the brushes of progress switch 1350 another
step in the manner previously described.

With brush 1355 now on the fifth terminal of its arc,
ground on conductor GD is applied over the upper normal
contacts of relay 1352, cver the upper back contact of
relay 1388, over brush 1358, over conductor 1362, over
the lower contacts of relays 743 and 742 of the Calling
Hunds. register of Fig. 7 to the No. 0 terminal cross-con-
nected to the No. 0 terminal of rack 2189 of Fig. 21.
The Mo. 0 punch of the card punching machine is there-
by controlled to punch a hole at the digit 0 space of the
fifth column of the card, whereupon contacts 2187 are
closed indicative of the operation of the punch and the
card is advanced in the usual manner preparatory to punch-
ing in the next data column. The closure of contacts
2167 causes the advance of the brushes of switch 1350
another step in the manner previously described.

With brush 1335 on the sixth terminal of its arc,
ground on conductor GD is applied over the upper normal
contacts of relay 1352, over the upper back contact of re-
lay 1388, over brush 1355, over conductor 1363, over
the lower contacts of relay 806 and the upper contacts of
relay 862 of the Calling Tens register of Fig. § to the No.
9 terminal cross-connected to the No. 9 terminal of rack
2190 of Fig. 21. The No. 9 punch of the card punching
machine is thereby controlled to punch a hole at the digit 9
space of the sixth column of the card, whereupon con-
tacts 2107 are closed indicative of the operation of the
punch and the card is advanced in the usual manner pre-
paratery to punching in the next data column. The closure
of contacts 2107 causes the advance of the brushes of
switch 135¢ another step in the manner previously de-
scribed. :

With brush 1355 now on the seventh terminal of its
arc, ground on conductor GB is applied over the upper
normal contacts of relay 1352, over the upper back con-
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tact of relay 1388, over brush 1355, over conductor .

1364, over the lower contacts of relay 824 and the inner
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upper contacts of relay 822 of the Calling Units register
of Fig. 8 to the No. 6 terminal cross-connected to the No.
6 terminal of rack 2106 of Fig. 21. The No. 6 punch of
the card punching machine is thereby controlled to punch
a hole at the digit 6 space of the seventh column on the
card, whereupon contacts 2107 are closed indicative of the
operation of the punch and the card is advanced in the
usual maner preparatory to punching in the next data
The closure of contacts 2167 causes the ad-
vance of the brushes of switch 1356 another step in the
manner previously described. The card has thus been
punched in a manner indicative of the calling line number
AUD 9096.

In the next nine positions the brush 1355, a month, day
and hour circuit of the type disclosed in Patent No.
2,355,993, granted August 15, 1944, to F. E. Blount, may

¢ associated with the progress switch to control the opera-
tion of the card punching machine to punch holes in a
card in the eighth to fourteenth cclumns indicative of the
tens and units digits of the month, the tens and units
digits of the day of the month and the tens, units and
tenth hour digits of the hour of the day. If it should be
considered unnecessary to punch this data in the toll card
the terminals of the arc of switch 1358 to which brush
1355 has access, reserved for the coamtrel and connec-
tion of a month, day and hour circuit, may be strapped
together and connected to the back contact of the stepping
magnet 1351 so that the magnet will function to rapidly
advance the brush 1355 over such strapped terminals into
engagement with the seventeenth terminal of its arc. In
the case the month, day and minute data is required, the
brush 1355 will have been advanced into engagement with
the seventeenth terminal of its arc after the month, day
and hour data has been punched in the card and the
month, day and hour circuit has been disconnected from
the receiving and the accounting circuits.

With brush 1355 on such seventeenth terminal of its
arc, ground on conductor GD is now connected over the
upper normal contacts of relay 1352, over the upper back
contact of relay 1388, over brush 1355, over conductor
13653, over the lower contacts of relays 843 and 842 of
the Sender Tens register of Fig. 8 to the No. 0 terminal
cross-connected to the No. 0 terminal of rack 2169 of
Fig. 21. The No. 0 punch of the card punching machine
is thereby controlled to punch a hole in the card at the digit
0 space of the fifteenth column of the card, whereupon
contacts 2197 are closed indicative of the operation of
the punch and the card is advanced in the usual manner
preparatory to punching in the next data column. The
closure of contacts 2187 causes the advance of the brushes
of switch 1350 ancther step in the manner previously
described. )

With brush 1355 on the eighteenth terminal of its arc,
ground is applied from conductor GD over the upper
normal contacts of relay 1352, over the upper back con-
tact of relay 1388, over brush 1355, over conductor
1366 and over the lower contacts of relays 863 and 862
of the Sender Units register of Fig. 8 to the No. 0 terminal
cross-connected to the No. 0 terminal of rack 2180 of
Fig. 21. The No. 0 punch of the card punching machine
is thereby controlled to punch a hole at the digit 0 space
of the sixteenth column of the card, whereupon contacts
2107 are closed indicative of the operation of the punch
and the card is advanced in the usual manner preparatory
to punching in the next data column. The closure of
contacts 2107 causes the advance of the brushes of switch
1352 another step in the manner previocusly described.

With brush 1355 on the nineteenth terminal of its arc,
ground is applied from conductor GD over the upper
normal contacts of relay 1352, over the upper back contact
of relay 1383, over brush 1355, over conductor 1367 and
over the lower contacts of relays 983 and 982 of the Iden-
tifier No. registgr of Fig. 9 to the No. 0 terminal cross-
connected to the No. 0 terminal of rack 2166 of Fig. 21.
The No. 0 punch of the card punching machine is there-
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by controiled to punch a hole at the digit 0 space of the
seventeenth column of the card, whereupon contacts 2107
are closed indicative of the operation of the punch and
the card is advanced in the usual manner preparatory to
punching in the next data column. The closure of con-
tacts 2107 causes the advance of the brushes of switch
1359 another step in the maner previously described. The
numbers of the sender and identifier used on the connec-
tion have thus been punched in the card for maintenance
purposes. Should it be found unnecessary to have a
record of these numbers on the toll card, the seventeenth,
cighteenth and nineteenth terminals of the arc of switch
1358 to which brush 1355 have access may be disconnected
from the sender and identifier number registers and may
be strapped together and connected to the back contact of
the stepping magnet 1351 so that the magnet will be con-
trolled to rapidly step the brush 1355 over such terminals
into engagement with the twentieth terminal of its arc,

With brush 1355 on the twentieth terminal of its are,
ground on conductor GD is connected over the upper
normal contacts of relay 1352, over the upper back contact
of relay 1388, over brush 1355, over conductor 1368,
over the next to lower contacts of relay 924 and over the
inner upper centacts of relay 922 of the Called Code A
register of Fig. 9 to the No. 6 terminal cross-connected to
the No. 6 terminal on rack 2160 of Fig. 21. The No. 6
punch of the card punching machine is thereby controlled
to punch a hole at the digit 6 space of the eighteenth
column of the card, whereupon contacts 2167 are closed
indicative of the operation of the punch and the card is
advanced in the usual manner preparatory to punching in
the next data column. The closure of contacts 2187
causes the advance of the brushes of switch 1350 another
step in the manner previously described.

With brush 1355 on the twenty-first terminal of its arc,
ground on conductor GD is connected over the upper
normal contacts of relay 1352, over the upper back con-
tact of relay 1388, over brush 1355, over conductor 1369,
aver the next to lower contacts of relay 945 and the lower
contacts of relay 943 of the Called Code B register of
Fig. 9 to the No. 2 terminal cross-connected to the No, 2
terminal of rack 2198 of Fig. 21. The No. 2 punch of the
card punching machine is thereby controlled to punch a
hole at the digit 2 space of the nineteenth column of the
card, whereupon contacts 2167 are closed indicative of
the operation of the punch and the card is advanced in
the usual manner preparatory to punching in the next data
column. Closure of contacts 2107 causes the advance of
the brushes of switch 1350 another step in the manner
previously described.

When brush 1356 engages the first terminal of its arc,
ground on conductor GD is connected over the upper
normal contacts ‘of relay 1352, over the upper back con-
tact of relay 1388, over brush 1356, over conductor 1370,
over the next to lower contacts of relay 1604 and the
inner upper contacts of relay 1003 of the Called Code C
register of Fig. 10 to the No. 7 terminal cross-connected
to the Mo. 7 terminal of Fig. 21. The No. 7 punch of
the card punching machine is thereby controlled to punch
a hole in the digit 2 space of the twentieth column of
the card, whereupon contacts 2197 are closed indicative
of the operation of the punch and the card is advanced
in the usual manner preparatory to punching in the next
data column. The closure of contacts 2167 causes the
advance of the brushes of switch 1359 another step in the
manner previcusly described.

With brush 1356 on the second terminal of its arc,
ground on conductor GD is connected over the upper nor-
mal contacts of relay 1352, over the upper back contact
of relay 1388, over brush 1356, over conductor 1371, over
the lower contacts of relay 1025 ard the middle upper
centacts of relay 1021 of the Called Thous. register of
Fig. 10 to the Mo. 1 terminal cross-connected to the No., 1
terminal of rack 2106 of Fig. 21. The No. 1 punch of
the card punching machine is thereby controlled to punch
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a hole at the digit 1 space of the twenty-first column of
the card, whereupon contacts 2107 are closed indicative
of the operation of the punch and the card is advanced
in the usual manner preparatory to punching in the next
data column. The closure of contacts 2167 causes the
advance of the brushes of switch 1359 another step in the
manner previously described.

With brush 1356 on the third terminal of its arc, ground
from conductor GD is connected over the upper normal
contacts of relay 1352, over the upper back contact of
relay 1388, over brush 1356, over conductor 1372, over
the lower contacts of relay 1846 and over the upper con-
tacts of relay 1045 of the Called Hunds. register of Fig.
10 to the No. 3 terminal cross-connected to the No. 3
terminal of rack 2109 of Fig. 21. The No. 3 punch of the
card punching machine is thereby controlled to punch a
hole at the digit 3 space of the twenty-second column of
the card, whereupon contacts 2167 are closed indicative
of the operation of the punch and the card is advanced
in the usual manner preparatory to punching in the next
data column. The closure of contacts 2167 causes the
advance of the brushes of switch 1356 another step in the
manner previously described.

With brush 1356 on the fourth terminal of its arc,
ground from conductor GD is connected over the upper
normal contacts of relay 1352, over the upper back con-
tact of relay 1833, over conductor 1373, over the lower
contacts of relay 11686 and the middie upper contacts of
relay 1103 of the Called Tens register of Fig. 11 to the
No. 4 terminal cross-connected to the WNo. 4 terminal of
rack 219¢ of Fig. 21. The No. 4 punch of the card punch-
ing machine is thereby controlled to punch a hole at the
digit 4 space of the twenty-third column of the card,
whereupon contacts 2187 are operated indicative of the
operation of the punch and the card is advanced in the
usual manner preparatory to punching in the next data
column. The closure of contacts 2167 causes the advance
of the brushes of switch 135¢ another step in the manner
previously described.

With brush 1356 on the fifth terminal of its arc, ground
on conductor GD is connected over the upper normal
contacts of relay 1352, over the upper back contact of
relay 1388, over brush 1356, over conductor 1374, over
the lower contacts of relay 1125 and the upper contacts of
relay 1124 of the Called Units register of Fig. 1 to the
No. 5 terminal cross-connected to the No. 5 terminal of
the rack 2199 of Fig. 21. The No. 5 punch of the card
punching machine is thereby controlled to punch a hole
at the digit 5 space of the twenty-fourth column of the
card, whereupon contacts 2187 are closed indicative of
the operation of the punch and the card is advanced in
the usual manner preparatory to punching in the next data
column. The closure of contacts 2167 causes the advance
of the brushes of switch 1358 another step in the manner
previously described. Holes have now been punched in
the card indicative of the number of the called line, as-
sumed to be MAR 1845.

With brush 1356 on the sixth terminal of its arc, ground
from conductor GD is connected over the upper normal
contacts of relay 1352, over the upper back contact of
relay 1388, over conductor 1375, over the next to lower
confacts of relay 1145 and the lower contacts of relay
1144 of the Calling Class register of Fig. 11 to the No. 5
terminal cross-connected to the No. 5 terminal of rack
2100 of Fig. 21. The No. 5 punch of the card punching
machine is thus controlled to punch a hole at the digit 5
space cf the twenty-fifth column of the card, whereupon
contacts 2187 are closed indicative of the operation of the
punch and the card is advanced in the usual manner pre-
paratory to punching in the next data column. The
closure of contacts 2197 causes the advance of the brushes
of switch 1350 another step in the manner previcusly
described.

With brush 1356 on the seventh terminal of its arc,
ground from conductor GD is connected over the upper
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normal contacts of relay 1352, over the upper back contact
of relay 1388, over brush 1356, over conductor 1376, over
the next to lower contacts of relay 1205 and the lower
contacts of relay 1283 of the Rate register of Fig. 12 to
the No. 2 terminal cross-connected to the No. 2 terminal
of ground 216§ of Fig. 21. The No. 2 punch of the card
punching machine is thereby controlled to punch a hole
at the -digit 2 space of the twenty-sixth column of the
card, whereupon contacts 2167 are closed indicative of
the operation of the punch and the card is advanced in
the usual manner preparatory to punching in the next data
column. The closure of the contacts 2187 causes the
advance of the brushes of switch 1350 another step in the
manner previously described.

“With brush 1356 on the eighth terminal of its arc,
ground from conductor GD is connected over the upper
normal contacts of relay 1352, over the upper back con-
tact of relay 1388, over brush 1356, over conductor 1377,
over the next to lower contacts of relay 1225 and the
lower contacts of relay 1222 of the Elapsed Time Tens
register of Fig. 12 to the No. 1 terminal cross-connected
to the No. 1 terminal of rack 2109 of Fig. 21. The No. 1
punch of the card punching machine is thereby controlled
to punch a hole at the digit 1 space of the twenty-seventh
column of the card, whereupon contacts 2167 are closed
indicative of the operation of the punch and the card is
advanced in the usual manner preparatory to punching
in the next data column. The closure of contacts 2107
causes the advance of the brushes of switch 1359 another
step in the manner previously described.

" With brush 1356 on the ninth terminal of its arc,
ground from conductor GD is connected over the upper
normal contacts of relay 1352, over the upper back coa-
tact of relay 1388, over brush 1356, over conductor 1378,
over the next to lower contacts of relay 1244 and the
inner upper contacts of relay 1242 of the Elapsed Time
Units register of Fig. 12 to the No. 6 terminal cross-
connected to the No. 6 terminal of rack 2109 of Fig. 21.
The No. 6 punch of the card punching machine is there-
by controlied to punch a hole at the digit 6 space of the
twenty-eighth column of the card, whereupon contacts
2187 are closed indicative of the operation of the punch
and the card is advanced in the usual manner preparatory
to punching in the next data column. The closure of con-
tacts 21@7 causes the advance of the brushes of switch
1358 another step in the manner previously described.

Thus holes have been punched in the card representa-
tive of the calling line class, the charge rate and the tens
and units digits of the elapsed time. This data may be
used for record purposes since this data has, as previously
described been employed in calculating the charge for the
cail. If it should not be necessary to punch this data
in the card, the sixth, seventh, eighth and ninth terminals
of the arc to which brush 1356 has access may be dis-
connected from conductors 1375 to 1378, inclusive, and
then strapped together and connected to the back contact
of stepping magnet 1351 whereby magnet 1351 may be
controlled to rapidiy advance brush 1336 over such termi-
nals without controlling the card punching machine.

When it is considered desirable to punch holes in the
toll card representative of the place name of the toll dis-
trict to which the toll call has been extended, which latter
would be of importance in the event of the adoption of
national dialing, the brush 1358 causes the successive op-
eration of the ten progress relays 1390 to 1399, inclu-
sive, as it advanced over terminals 18 to 19, inclu-
sive, of its arc. To simplify the disclosure only relays
1399, 1391 and 1399 of this group have been shown. It
-will be assumed that the place name relay 1535 of Fig.
15 has been .operated, representative of the toll district
WNEW-YORK. The relay 3535 is provided with twenty
‘contacts arranged in-ten pairs for enabling the control
of the card punching machine to punch data for a ten-
-Tetter place name. . These ten contact pairs are connected
over the conductors of cable 1540 with pairs of terminals
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on the cross-connecting rack 1387 of Fig. 13 allocated
to the ten letter-progress relays 1398 to 1399, inclusive.
For punching holes in toll cards representative of letters,
the card punching machine is in the well-kncwn manner
provided for over-punching in the digit spaces 12, 11 and
0 of any column in addition to punching in the digit
spaces 1 to 9 of such columns. The alphabetical code
used by a well-known type of card punching machine
suitable for the purpose of the present invention is shown
in the following table:

Over Punch . .o 12 i1 0
Numerical Punch Position:
1 A S PR
B K S
C 1 T
D M g
B N v
F [o} W
G P X
H Q Y
2R P I R Z

With the assumption that the place name to be punched
is NEW-YORK, then it will be seen that the operation of
the following punches will be necessary: 11 and 5 for the
letter N; 12 and 5 for the letter E; O and 6 for the leiter
W; 0 and 1 for the dash; 0 and 8 for the letter Y; 11 and
6 for the letter O; 11 and 9 for the letter R; and 11 and 2
for the letter K. Accordingly, the incoming terminal
pairs of the rack 1387 are cross-connected to the front
contacts of the progress relays 1399 to 1399, inclusive,
in a manner to provide the proper punch operations. It
is to be noted that the cross-connecting rack 1387 is pro-
vided with other groups of incoming terminals allocated
to other place name relays which terminals may also be
cross-connected to contacts of the progress relays.

When the brush 1356 engages the No. 10 terminal of
its arc, and relay 1398 is operated over a circuit extending
from ground on conductor GD, over the upper normal
contacts of relay 1352, over the upper back contact of
relay 1388, over brush 1356 and through the winding
of relay 1399 to battery, ground is applied over contacts
of place name relay 1535, conductors 1541 and 1542 of
cable 1549, cross-connected terminals of rack 1387, over
the Nos. 11-and 5 contacts of relay 1399 to the Nos. 11
and 5 terminals, cross-connected to the Mos. 11 and 5
terminals of rack 2188 of Fig. 21. The No. 11 overpunch
and the No. 5 punch of the card punching machine are
thereby operated to punch holes at the digits 11 and 5
spaces in the twenty-ninth column of the card representa-
tive of the letter N, whereupon the contacts 2187 are
closed indicative of the operation of the punches and the
card is advanced preparatory to punching in the next data
column. The closure of contacts 2307 causes the advance
of the brushes of switch 1350 another step in the man-
ner previously described. The advance of the brush

1356 releases the progress relay 1399,

With brush 1356 engaged with the No. 11 terminal of
its  arc, relay 3391 is operated and connects conductors
1543 and 1544 of cable 1548, grounded through the
operation of place name relay 1535, over its Nos. 12 and 5
contacts with. the Nos. 12 and 5 terminals cross-con-
nected to the Nos. 12 and 5 terminals of rack 2169 of
Fig. 21. The No. 12 overpuach and the Mo. 5 punch of
the card punching machine are thereby controlled to
punch holes at the digits 12 and 5 spaces in the thirtieth
column of the card representative of the letter E, where-
upon the contacts 2187 are closed indicative of the opera-
tion of the punches and the card is advanced in the usual
manner preparatory to punching in the next data colums.

brushes of switch 1350 another step in the manner pre-
viously described whereupon progress relay 1391 is re-
leased. )

As the brush 1356 advances into engagement with the
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Nos. 12 to 17 terminals of its arc, the progress relays 1392
to 1397 (not shown) are successively operated and then
released to connect other prirs of conductors of cable
1548 grounded by relay 1535, with terminals cross-con-
nected to terminals of rack 2188 whereby punches of the
card punching machine are controlled to punch holes in
the thirty-first to thirty-sixth cclomns of the card repre-
entative of the remaining lsiters W-YORK of the place
name. Following the punching for the final letter K, the
brush 1355 of the switch i358 is advanced into engage-
ment with the eighteenth terminal of ifs zre, whereupcn
the progress relay 13%8 (act shown) is operated. Since
it is unnecessary to punch holes in the card representa-
tive of additional letters in the assumed place name, con-
ductors 1545 and 1346 of the cable 1548, grounded by
the operation of the place name relay 1533, are cross-
conuected at the rack 1387 so that upon the operation
of the progress relay 1388, ground becomes connected
over the Nos. 0 and 1 contacts of such relay t¢ the Nos.
0 and 1 terminals cross-connected to the Nos. 0 and 1
terminals of rack 216¢ of Fig. 21 whereby holes are
punched in the digits 0 and 1 spaces of the thirty-seventh
column of the card representative of a dash, following
which the brushes of switch 1350 are advanced another
step.

With brush 1356 engaged with the nineteenth terminal
of its arc, progress relay 1399 is operated, resulting in
the connection of conductors 1547 and 1548 grounded
by the operation of the place name relay 1635, over the
Nos. 0 and 1 contacts of relay 1399 to the Nos. 0 and 1
terminals on rack 2188 whereupon punches are operated
representative of an additional dash. Thereafter, the
brushes of switch 3350 are advanced an additional step
in the manner previously described. It is to be noted in
this connection that in each case that the place name has
fewer than ten letters, the contact pairs of the place name
relay not required for the control of the card punching
machine to punch holes representative of the letters of
the place name, are connected through coatacts of the
progress reiays corresponding to unemployed place name
letters in the manner just described in connection with
the progress relay 1359, whereby the card punching ma-
chine is controlled to punch holes representative of dashes.

Should it be determined to be unnecessary to record
the place name on the card, the place name relay such as
1538 and the progress relays 1320 to 1399 would be
cmitted. To advance the progress switch past the termi-
nals of the arc associated with brush 2356 reserved for
place name control of the card punching machine, such
terminals 16 to 19, inclusive, would be strapped together
and connected to the back contact of stepping magnet
1352 whereby the magnet would be repeatedly operated
in a self-interrupting circuit to advance brush 135§ oves
terminals 1 to 19 of its are.

Following the last advance of the progress switch 1350
brush 1356 will be in engagement with the No. 20 ter-
minal of its arc thereby connecting ground from con-
ductor GD over the upper normal contacts of relay 1352,
over the upper back contact of relay 1388, over brush
1356, over conductor 1379 and through the winding of
the DC progress relay 2161 of Fig. 1 to battery, where-
upon relay 2161 will operate and extend conductor 2049
of the Total Dollars group, assumed to be grounded on a
call for which the total indicated charge was calculated
to be 35 cents, over its uppermost contacts to the No. 0
terminal on the rack 2160 whereby the No. 0 punch of
the card punching machine is operated to punch a hole
in the digit O space of the thirty-ninth column of the card
representative of a digit 0 for the dollars place of the
charge for the call.

Following the operation of the punch, the progress
switch 1350 is advanced a further step thereby releasing
relay 2161 and causing the operation of the DMC prog-
ress relay 2102 over a circuit extending from ground on
conductor GD, over the upper normal contacts of relay
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1352, over the upper back contact of relay 1388, over
brush 1356,-engaged with the twenty-first terminal of its
arc, over conductor 1389 and through the winding of re-
lay 2182 to battery. For a 35-cent total charge ground
has as previously described been connected to conductor
2863 of the Total Dimes group and therefore this ground
becomes extended over the Wo. 3 contacts of relay 2162
to the No. 3 terminal on rack 2109 whereby the No. 3
punch of the card punching machine is operated to punch
a hole in the digit 3 space of the fortieth column of the
card representative of a digit 3 for the dimes place of the
charge for the call.

Following the operation of the punch, the progress
switch 1359 is advanced a further step thereby releasing
relay 2102 and establishing the circuit of the NC progress
relay 2103, The circuit for relay 2163 may be traced
from ground on conductor GD over the upper normal
contacts of relay 1352, over the upper back contact of
relay 1388, over brush 23%6 and the No. 22 terminal of
its arc, over conductor 1381 and through the winding of
relay 2103 to battery., For a 35-cent total charge, ground
has been connected to conductor 2055 of the Total Cents
group and therefore this ground becomes extended over
the lower contacts of relay 2163 to the No. 5 terminal on
rack 2108 whereby the No. 5 punch of the card punching
machine is operated to punch a hole in the digit 5 space of
the forty-first column of the card representative of a
digit 5 in the cents place of the charge for the call.

Following the operation of the punch the progress
switch 1350 is advanced a further step thereby releasing
relay 2163 and establishing the circuit of the switchover
relay 1388, which circuit may be traced from ground on
conductor GD, over the upper normal contacts of relay
1352, over the upper back comtact of relay 1388, over
brush 1358, over the Mo. 23 terminal of its arc and through
the winding of relay 1388 to battery. Relay 1388 there-
upon operates and locks over its Iower contacts to ground
on conducior GID and at its upper contacts opens its own
operating circuit. With relay 1388 operated a circuit
is now extended from ground on conductor GD over the
upper normal contacts of relay 1352, over the upper front
contact of relay 1388 and over brush 1357 and the No. 1
terminal of its associated arc to the back contact of step-
ping magnet 1351. Thereupon magnet 1351 operates
to advance the brushes of switch 1359 one step.

Brush 1357 now completes a circuit from ground on
conductor GD over the upper normal contacts of relay
1382, over the upper front contact of relay 1388, over
brush 1357 and the No. 2 terminal of its arc, over con-
ductor 1382 and through the winding of the DT prog-
ress relay 2184 to battery. It will be recalled that for
the assumed call, a charge of 35 cents was made and that
a federal tax of 3 cents was calculated and that ground
was therefore conmected to conductors 2176, 2160 and
2158. The ground cn conductor 2178 is now extended
through the operation of progress relay 2164 to the No.
0 terminal on rack 2140 whereby the No. 0 punch of the
card punching machine is operated to punch a hole in
the digit G space of the forty-second column of the card
representative of a digit 0 in the dollars place for the tax
for the call.

Following the operation of the punch, the progress
switch 1315 is advanced a further step thereby releasing
relay 2184 and establishing a circuit for the DMT prog-
ress relay 2165. This circuit may be traced from ground
on conductor GD over the upper normal contacts of relay
1352, over the upper front contact of relay 1388, over
brush 1357 and the We. 3 terminal of its arc, over con-
ductor 1333 and through the winding of relay 2165 to
battery. With ground connected to conductor 2160, such
ground is now extended over the lower contacts of relay
2185 to the No. 0 terminal of rack 2190 whereby the No.
0 punch of the card punching machine is operated to
punch a hole in the digit 0 space of the forty-third column



2,767,248

5

‘of the card representative of a digit 0 in the tens place of
the tax for the call.

Following the operation of the punch, the progress
switch 1350 is advanced a further step thereby releasing
relay 2195 and establishing a circuit for the NT progress
relay 2186. The circuit for relay 2106 may be traced
from ground on conductor GD over the upper normal
contacts of relay 1352, over the upper front contact of
relay 1388, over brush 1357, over conductor 1384 and
through the winding of relay 2106 to battery. With

- ground connected to conductor 2155, such conductor is
now extended over the lower contacts of relay 2106 to
the No. 5 terminal on rack 2168 whereby the No. 5 punch
of the card punching machine is operated to punch a hole
in the digit 5 space of the forty-fourth column of the
card representative of a digit 5 in the cents place of the
tax for the call. Thus holes are punched in the card
representative of the tax of 5 cents.

All of the data required for billing the toll call of the
calling subscriber has now been punched in the toll card
which card may be used in an autoematic billing machine in
the printing of a bill. While in the preceding description
the punching of the toll data in a card in a particular order
has been set forth, it will be obvious that the order in
which the data is punched may be readily changed at the
arc terminals of the progress switch 1350.

When brush 1357 engages the fifth terminal of its arc,
following the completion of the control of the card punch-
ing machine, ground on conductor GD is applied over
the normal contacts of relay 1352, over the upper front
contact of relay 1388, over brush 1357 and over con-
ductor 1385 through the winding of the RL relay 403 of
Fig. 4. Relay 403 thereupon operates and locks over its
left front contact to ground at the inner left contacts of

tioch

relay 404 and at its left back contact opens the shunt °

around the right winding of relay 402. With all of the
windings of relay 402. included in the previously traced
circuit through the windings of relavs 324 and 325 of
Fig. 3, the current flowing throueh the winding of op-
erated relay 325 is reduced to such an extent that relay
325 releases and initiates the release of the trunk finder
250, to disconnect the ticketing trunk from the receiving
and calculating circuit at the accounting center. Relay
402 thereunon releases in turn releasing relays 460, 483,
and 404. - Relav 404 upon releasing removes ground from
conductors GD and 605.

The removal of ground from conductor 685 releases
all of the nwerated register relays of Figs. 6 to 13, in-
clusive. which in turn cause the release of all of the
overated relavs of Figs. 14 to 21, inclusive. The removal
of ground from conductor GD releases the onerated re-
lays 1204 and 1388 of Fig. 13. Belay 1394 upon re-
leasing anvlies eround over its back contact and the
stranped terminals of the arc associated with brush 1353,
over the back contact and throush the winding of step-
ping maenet 1351, Maenet 1351 therenvon cverates over
its self-interrunting circuit to advance the brushes of the
switch 1350 until brush 1354 eneages the strapped termi-
nals of its associated arc. Thereafter with eround ap-
plied from the back contact of relay 1394 to such strapped
terminals, the brushes of switch 1350 are advanced
throuch another half revolution by the magnet 1351
until the brush 1354 leaves the last terminal of its arc
whereunon the circuit of magnet 1351 is broken and the
switch brushes come to rest with brush 21353 in engage-
ment with the normal terminal of its arc.

While -the invention has been disclosed herein as ap-
plied to a system in which the data for each toll call is
recorded maenetically on a tape and is transmitted unon
the termination of the call to a central accounting. center
in which_the necessary comvutations for the cost of the
call are made in accordance with the established rate struc-
ture and in which a toll record of the call is thereafter
made for use in an automatic billing machine, it is of
course obvious that the data for each toll call could be
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recorded in other well-known manners such as preparing
a punched record, scannable by a suitable reader or pre-
paring a printed record scannable by a photoelectric scan-
ner and that the computed data for each toll call could be
recorded in any suitable manner as by printing or punch-
ing.

Furthermore, the toll record whether punched, printed
or electromagnetically produced could contain the date of
several toll calls and be transmitted to the accounting
center at such time during the billing period as would
be most conducive to efficient cperation rather than upon
the termination of each separate call and the computing
apparatus could accordingly be arranged to prepare a
new record in which punching would be made of the
computed data for such toll calls.

Furthermore, the output of the computations together
with the subscriber’s directory number and other per-
tinent information could be recorded on magnetic paper
or metal tape so that the process of sorting could be car-
ried out by electronic means at greater speed and effi-
ciency than is possible with punched cards or tapes.

What is claimed is: ‘

1. In an automatic billing system, a plurality of origi-
nating offices, a plurality of recording means in each of
said offices each arranged to record a plurality of items of
information, an accounting center common to said offices,
a plurality of receiving means at said accounting center,
means effective at the completion of recording in any one
of said recording means for connecting said recording
means to any idle one of said receiving means, and means
for transmitting the items of information recorded in said
recording means to said selected receiving means.

2. In an autematic billing system, a telephomne office,
a tape recorder at said office for recording a plurality of
items of information, an accounting center, a plurality of
receiving means at said accounting center, means effective
at the completion of recording on the tape of said re-
corder for connecting said recorder to any idle one of said
receiving means, means effective upon the selection of
said idle receiving means for causing said recorder to
transmit signals to said receiving means representative of
the recorded items of information, tuned circuits in said
receiving means selectively responsive to said signals, and
registers controlled by said tuned circuits for registering
the items of information.

3. In an automatic billing system, a plurality of tele-
phone offices, means at each of said offices for determining
a plurality of items of information, a plurality of first
trunks at each of said offices, a plurality of recording
means at each of said offices, one recording means in-
dividual to each of said trunks, said recording means
being operative under the control of said means for re-
cording said information on a recording medium, an ac-
counting center common to said offices, a plurality of re-
ceiving means at said accounting center, a trunk inter-
connecting each of said offices and said accounting center
terminating at one end in a trunk finder and at the other
end in a receiver selector, means effective at the comple-
tion of recording in the recording means of any one of
said first trunks for causing the operation of said trunk
finder and said receiver selector to connect said recording
means to any idle one of said receiving means, and means
for transmitting the items of information recorded on said
recording medium in said recording means over said inter-
connecting trunk to a recording medium in said selected
receiving means.

4. In an automatic billing system, a plurality of tele-
phone offices, means at each of said offices for deter-
mining information as to the calling .and called party’s
directory numbers, the class of the calling line, the charge
rate for the call and the elapsed conversation time, a
plurality of first trunks at each of said offices, a plurality
of recording means at each of said offices, one recording
means individual to each of said trunks, said recording
means being operative under the control of said means
for recording said information on a recording medium,
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