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1

This invention relates to record-controlled ap-
paratus and more particularly tc an assembling
device herein called an assembler for reproducing
with or without change items of information on
one or more records as determined by certain
character or characters in each of the items.

One feature of the invention is an arrangement
whereby the items of record information are re-
produced on one record, or more than one record,
as determined by one or more characters in each
of the items. For example, there are certain
items, or special “entries,” on the main record to
be analyzed by the assembler of the present in-
vention which identify the source of ail the record
information thereon, and in order that a common
analyzing apparatus subsequently processing the
records derived from main records originating in
different places, may identify the main records
from which the derived records were made, such
special entries appearing in each main record are
reproduced by the assembler in each of the de-
rived records. Or again, certain “trouble indicat-
ing” entries in the main record are placed imme-
diately after certain cther entries to indicate to
the common analyzing apparatus that the latter
entries should be discarded when they are reached
for analysis. Accordingly, the trouble indicating
entries, when sensed by the assembler, will also
be reproduced on all of the derived records.

Yet another feature of the invention is an ar-
rangement whereby certain items of information
are sensed but not reproduced, the items them-
selves being “passed by” subsequent to sensing,
either automatically or by means under manual
control. As examples, mutilated entries, test
* entries and “splice pattern” entries, the latter
being a number of lines perforated on the main
record according to a certain code to provide a
section thereof to which another main record
tape may be affized or spliced thereto, will or will
not be reproduced on the derived records depend-
ing upon the operation of certain controls in the
assembler, said conirols being so arranged that
said entries or any of them may be automatically
skipped. In some cases certain cf the entries
may be skipped partially or en toto by the opera-
tion of certain keys provided in the assembler.

Still another feature of the invention is an
arrangement which permits repeated attempts to
be made at sensing and reproducing one or more
items of information, an alarm being given and
further operations arrested if, within a predeter-
mined period measured by a timing device, all
attempts at sensing and/or reproducing the item
being sensed end in failure.
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Yet another feature of .the invention is an ar-
rangement whereby if an item of information
consists of two or more lines on the original record
the same reproducing deviee is successively con-
nected to the reading apparatus of the assembler
ior effecting the reproduction of all the lines of
the item on the same record.

These and other features of the invention will
he more clearly undersicod from the following
description, appended claims and attached draw-
ings in which:

Figs. 1 to 19 inclusive, arranged as indicated by
Fig. 20, completely disclose the invention;

Tig. 21 is a schematic indication of certain ele-
ments of the invention;

Fig. 22 is a schematic indication of the relation
between the sensing apparatus (herein called the
“reader”), the reproducing devices and the con-
trolling elements of the selecting angd controlling
circuits;

Figs. 23A-23D ars four time-diagrams of which
the Fig. 23A indicates the toial period of the
“sensing eycle,” the period of the cycle when the
sensing ping of the reader are in the sensed per-
Torations (at which time certain contacts con-
trolled by the pins are closed) and the period
when the pins are out (at which time said con-
tacts are open) ; Figs. 238 to 23D inclusive, indi-
cate the closed or open position of certain com-
mon contacts controiled by the main shaft of the
reader, in relation tc the closed or open condition
of the eontacts controlled by the sensing pins of
the reader during a sensing cycle;

Fig. 24A shows the punch positions of the tape;

Figs. 24B to 24C inclusive, and Figs. 25, 26 and
27 show various parts of the record to be analyzed
and reproduced, while

Figs. 28A and Z8E show typical samples of the
reproduced record in which the numerals in each
line of said records are prefixed to the values in-
dicated, while the X’s indicate variabie digital
values.

SECTION I—THE CENTRAL OFFICE RECORD

In the exemplified form herein shown and de-
scribed by way of illustration, the present inven-
tion is intended for sensing a perforated record
prepared in a typical automatic telephone cen-
tral office by the circuits and apparatus shown
and described in the copending application of
W. W. Carpenter and R. A. Collis, Serial No.
759,402, filed July 7, 1947. The purpose of the
sensing is to reproduce the “entries” on said
record on one or more records as determined by
certain characters or digits forming elements of
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the entries and to rearrange the reproduced
entries according to a predetermined order. Ac-
cording to the disclosure of the above-men-
tioned Carpenter-Collis application, the tele-
phone central office is adapted to make a record
of al] items of record information pertaining. to
established telephone connections, this record
then supplying all the essential information for
computing the cost of the connections and for

preparing the monthly bills for the subscribers to .

whom the connections are to be charged. The
general arrangement in the telephone central
office, therefore, is to have a tape. perforator or
similar device for each group of trunks over
which connections are established and to con-
nect the perforator to a trunk in the group or
to certain apparatus controlling the establish-
ment of the connection over the trunk, when-
ever some item of record information pertaining
to the connection is available for recording, at
which time the perforator is operated. to record
the item. Although the perforator is then dis-
missed, it is, of course, available for siiilar con-
nection to the ciher trunks in the group or con-
trolling apparatus connected therewith, and can
be reconnected to each of the trunks to which it
was previously connected whenever other iters
of record information pertaining to the calls ave
available for recording. Thus the central office
record tape countains a plurality of entries per-
taining to established connections, and al-
though the entries for each call established over
a particular trunk are placed on the record in
the chronological order in which they are made
available for recording, nevertheless they are dis-
associated from each other by intermediate
entries pertaining to other calls established over
other trunks in the group.

Generally speaking there are three types of
entries recorded for each connection. The first
entry, called the “initial entry” is recorded by
the perforator after the central office equipment
has established the connection between the two
subscribers. If the connection is a local con-
nection to be charged for in terms of standard
charge units and requiring no detailed account
of the call on the subscriber’s bill, the entry
usually comprises a certain group of characters
which identify the calling subscriber’s line, an-
other group of characters which identify the
trunk number over which the connection was
established and certain other characters which
are either for the purposes of controlling the
operation of the assembler or are otherwise for
use by the computing devices. If the connection
is a toll connection to be charged in money units
and requiring a detailed account of the call on
the subscriber’s bill, the initial entry, besides con-
taining the groups of characters pertaining to
the information above-mentioned for a local con-
nection, also contains other groups of characters
which identify the called subscriber’s number
and certain other items of information for the
use of the computing devices.

The remaining two entries are the “answer”
and “disconnect” entries, respectively, the former
being entered on the central officerecordtorecord
the time when the called subscriber answers, the
latter being entered in the record when either
the calling or called subscriber restores his re-
ceiver. There is no difference between the two
entries other than the difference in the notation
of the time, the remaining characters or groups
thereof in both entries being the identity of the

trunk (which, of course, remains the same for
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the one call) and a certain control character
which is the same for both entries.

Besides the entries pertaining to established
counnections, the central office record tape also
contains certain other eniries the details and
significance of which will be presently explained.
There is, for instance, the “hour” entry which is
placed on the tapes of all perforators at the
beginning of each hour. There are aiso certain
entries defined as the “end-of-tape” entries
which are placed on the record whenever a sec-
tion of the tape containing call entries is to be
cut from the tape roll, It should be realized that
the central office record tape is continuous and
that, periodically, the portion of it which hasbheen
perforated to record the call entries must be sev-
ered from the tap roll for use by the apparatus of
the present invention, and that some‘“‘special”’en-
tries- must appear at the beginning and end of
the severed section to define its limits. There
is also a “splice pattern” which is entered on
the record between two groups of end-of-tape
entries to provide a cutting area across which
the tape record may be cut and to provide a sur-
face for splicing or joining together sections of
other tapes either from the same trunk group or
other trunk groups, as will be shown.

Thus a record tape is produced for each
group of trunks in o centiral office, and each tape
wiil have recorded thereon a number of entries

" pertaining to calls established over each of the
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" numbers.

trunks in the group. As previousiy stated, the
three entries pertaining to each call are not ad-
jacent to each other but are dispersed over the
tape since, after an entry is made for one call
establish.ed over a particular trunk in the group,
other entries may be made immediately there-
after for calls established over other trunks in
the same group. By means of the present inven-
ticn the three entries pertaining to each call are

“recorded side by side on another tape in the

chronological order in which they are recorded
on the central office tape and all the entries per-
taining to calls established over the same trunk
are collected together on the same tape in the
chronological order in which the calls are origi-
nated. Since the “district” trunk group for
which a central office record tape is produced is
limited to one hundred trunks, with each trunk
having a designation 00 to 99, the assembler of
the present invention produces these separate
tapes by a first operation known as the “first dis-
trict sort” in which ithe entries on the central
ofiice record tape are separately recorded on ten
different tapes in accordance with the units digit
of the district trunk numbers, and by a second
operation known ags the “second distriet sort” in
which the entries on each of the ten tapes are
then separately recorded on ten other tapes ac-
cording to the tens digit of the district trunk
The final tapes will then have all the
entries for all calls estgblished over the trunks
“collected” and chronologicaily arranged.
Having indicated in general terms the form
and character of the record tape to be analyzed
by the assembler of the present invention, at-
tention is now directed to certain figures of the
drawing which show some of the typical entries
on a central office record tape. Attention, how-
ever, is first directed to Fig. 24A which shows the
number and general arrangement of the punch
positions on the central office record tape. The
latter is wide enough to accommodate twenty-
eight (28) punch positions suitably spaced  in
staggered formation across the tape to conserve-
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tape width though, in all the figures where the
tape or portions thereof are llustrated, these po-
sitions are shown in straight line alignment for
greater ease of perception.

The twenty-eight (28) punch positions across
the tape are utilized to record six (8) digits in-
dicated as digits A to ¥, inclusive, with digit A
at the exireme left of the tape and digit ¥ at the
extreme right. Obviously, the order could be
reversed so far as recording and sensing is con-
cerned except that if the order is reversed, the
wiring of the punch magnets of the central office
perforator and the wiring of certain registers and
magnets of the present invention would also
have to be reversed.

For the recording of the first digit A, three
punch positions are allocated, but for the re-
cording of the remaining five digits B to F, in-
clusive, five punch positions are allocated, thus
making a total of twenty-eight punch positions.
Now the reason why only three punch positions
are reserved for the A digit is beecause this digit
is used for “control” purposes to indicate, gener-
ally, the character of the entry. And since no
more than three values of this digit are utilized
for this purpose, the value of the digit never ex-
ceeds “3” a fact which makes it simple to record
the value “1” in the first position, the value “2”
in the second position and the value “3” in the
third position. Each of the other five digits,
however, may have any value from 0 to 9, in-
clusive, and to record each digital value by
punches in the five positions reserved for each
of the digits the following ccde is used in which,
for the value of each digit, two and only two po-
sitions are punched, the punched position heing
indicated by a check mark “~/” in the code table
given below:

Code of holes punched in the tape

Hole Positions

Numeral

©

The 2-out-of-5 code has been adopted bhecause
errors due to failures of any sort which result
in the punching of more or less than two posi-
tions may be easily detected by suitable check-
ing apparatus. It may also be remarked here
that the same code and the same number and
arrangement of punch positions are used for re-
cording the varicus digifs on the tapes to Dbe
produced by the perforaiors of the assembler.
It will be noted from Fig. 24A that the punch po-
sitions for each of the digits B to F, inclusive
are given the small letter designations (a) to (e),
inclusive, beginning with the first punch posi-
tion allocated to the digit.

Referring, now, to Figs. 248 to 24, inclusive,
these figures illustrate porticns of the central of-
fice record tape with & typical entry shown re-
corded in each figure by the filled-in punch posi-
tions, which indicate perforations.

Fig. 24B shows a typical “answer” or “discon-
nect” entry. Of the six digits in the tape the
digit A, the entry or control digit, is always “2,”

10

15

20

25

30

40

45

50

60

85

70

{:

6
said digit being recorded on the tape by a punch
in position (b)) of the three positions reserved
for the A digit. Digits B, C and D are reserved
for recording the time of answer or disconnect
and this time is recorded in tens of minutes
(tens), minutes (units) and tenths of a minute
(tenths). Thus in the figure the three digits B,
C and D are shown to be “111,” recorded in terms
of the above-given 2-out-of-5 code. The digits
indicate that the time of answer or disconnect oc-
curred 11 minutes and 6 seconds after the hour.

The last two digits E and F are reserved for
the number of the trunk (or district as it is more
often called) over which the connection was
established. As previously stated, the districts
in g central office are divided into groups of a
hundred (or fractions thereof) with a perforator
for producing the record assigned to each group
and available to each district in the group when-
ever an entry is to ke recorded on the tape. In
order to record with the entry the district in-
volved in the connection each district in the
group is given a numerical designation of from
00 to 99, and when the perforator is seized by a
district for the purpose of making an entry (in
this case the answer or disconnect entry) the
number of the district is recorded along with
the time of answer or disconnect and the control
digit. In Fig., 248 the district number is illus-
trated as being “71.” As previcusly mentioned,
there is no difference between an answer and a
disconnect entry of the same call except in the
recorded time.

Fig. 24C shows an initial two-line entry for
a “bulk-billed” call; that is, a call for which no
details are to be furnished the calling subscriber
and the charge for which is to be computed in
terms of standard local charge units. The entry
occupies twe lines of the central office record
tape because all of the information making up
the entry cannot be put on one line. On the
first line (reading from the bottom) are the two
entry or control digits A and B (in this case two
control digits being necessary) and their values
for an initial two-line enfry are always 3 and
1, respectively.

The C digit is the so-called “index” digit and
its value determines the charge for the call, in
the sense that the value of the digit determines
the number of charge units for an initial unit
period of conversation and the number of charge
units for the intervals of overtime conversation.
The value of the index digit (for bulk-billed
calls) ranges from 1 to 8, inclusive, as indicated.

The D digit is reserved for pariy designation.
As is well known, a modern telephone exchange
includes individual lines and party lines and, of
course, when a call is made from a party line
it is necessary to ascertain which party made
the call in order that the charge therefor may he
assessed against the subscriber who makes it.
For the purpose of party idenmtification, the D
digit of the first line of the initial entry is re-
served for line and party distinetion. If the
calling subscriber has an individual line, the
value of the digit recorded will be “1,” as shown,
while if he is one of a group of subscribers whose
stations are connected to the same line, g suit-
able digital value (not shown) is reserved and
used for each of the subscribers or “parties.”
As in the case of a single line answer or dis-
connect entry, the E and F digits are used for
recording the district number which, as in Fig.
24B, is indicated in Fig. 24C as “71.”

On the second or “supplementary” line of a
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two-line initial enfry the A digit is always 1

and indicates that the line is- a supplementary-

line of an initial entry, the circuits of the as-
sembler being so arranged that when an initial
entry is sensed and the A and B digits- thereof:
are “31,” the equipment is readied to receive
and reproduce the second line of the entry on
the tape of the same perforator which reproduced
the first line. The remaining digits B to ¥, in-

clusive, of the second line are reserved for the:

designation of the calling line. In the particu-
lar-embodiment of the telephone system disclosed
in the above-mentioned Carpenter-Collis- co-
pending applieation, the designation of the call-
ing-line-is recorded in terms-of its position in a
cross bar switch of a designated array- of
switches.
line in terms of its- directory nuinber, and when
this-is done digils B to F', inclusive, of the sec-
ond line-of the entry would record the directory
number- instead of & designation (as at present)
indicating the lccation of the line on a- certain
cross- bar-switeh frame. As shown on Fig. 24C,
the line “number” indicated theresin is “043826.”
Fig. 24D illustrates an initia]l four-line entry.
This eatry is-made for a “toll” call or for any
call the particulars of which are to be furnished
to the calling subsecriber.
the entry are subsitantially similar to those of
an- initial two-line entry except that the A and
B digits are “33” instead of “31,” the different

value of the B digit indicating to the assembiler-

that there are three supplementary lines for the
entry instead of one. The index digit is also
different in that it has the-value “$” instead of
1 to: 8; inclusive; the reason being that the value
“9” indicates that the-charge for the call is to
be made-in money units which must be specifi-
cally determined in accordance with the distance

between the two subscribers and the duration of-

the conversation. The A digit of-the third-sup-
plementary line is “1” to indicate that it is a

supplementary line while the B- digit is- given:

the:arbitrary value “0.” The C digit of the third
supplementary line is reserved to indicate the

called numbering area and whether- the called-

number. in the identiiied area is below or above

10,600: The number of areas-is limited: to five
(5), each-of which; in the C digit, is designated:
by the values 6 . .. 4, except that if the-called
numper in the identified area is over 10,000
the value of the-C digit designating the area

is:increased by five (5). Thus if the called area
is “0” and the called subscriber therein has a
four-digit number, the C digit would be recorded

as “0,” but if it is a five-digit number the C-

digit would be recorded as “5,” as indicated in
Fig. 24D. Digits D, E and F of the third- sup-

plementary line are used to record the office of
the called number, which is usually a three-digit
In the figure the number illustrated-

numbper.
is “794.”

In the last or fourth supplementary lihe, and-

excepting: for the A digit which has the value
“1” to indicate that the line is a supplementary
line, the five digits B to F, inclusive, are used to
record the numerical portion of the called sub-
scriber’s number which is either four digits if it
is an individual line or party line, or five digits
if it is a party line having an additional digit
assigned te the party station. Where the num-
ber is a four-digit number, the F or fifth digit is

given the arbitrary valie “0”; otherwise it. will be:

given the digit- which'indicates the digit (or let-
ter) assigned to the-party station. In Fig. 24D

It is, of course, possible, to record the-

The first two lines of
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the called lifie number is iilustrated as being
“9756.”

Pig. 24F illustrates a regular hour entry. This
entry is placed on each central office record tape
at the beginning of each hour. It is a single line
entry-and has “381” for the value of the control
digits ABC, the iast two digits of this number in-
dicating to the assembler that the entry is one
which is to be reproduced in every tape record.
produced. The D digit is given the arbitrary
value “0” while the digits & and ¥ are used for
recording the hour itself: Since the latter may
have any value from “08” to “23” depending on
the hour, the & digit may have any digital value
0, 1 or 2 while the F digit may have any digital
value from 0 to 9, depending on the hour when
the entry is made.

Fig. 24F iliustrates a “district trouble” entry
and has the fixed designation “385400” as illus-
trated in the fisure. In the production of the
central office record tape, a registering apparatus
associated with the district salector (trunk) and
controlling the establishment of the call there-
over has as one of ils functions o test to. deter-
mine whether certain charging devices in the dis-
trict are normal. If this apparatus finds these
devices falsely operated the perforator is sum-
moned immediately to perforate the special en-
try “385400” on the tape, said entry thus being
blaced on the tape before the district cen be used
to establish another. call thereover which might
result in a false charge condition to be perforated
on the tape for the call previously established.
Such a false charge condition would oceur, for
example, if the previously established call was not
answered and if  the next subsequent call. was
from a flat rate station for which no charge rec-
ord should be made and for which no initial en-
try will be made. In this case, answer and dis-
connect entries would be made for the flat rate
call (because of the trouble condition) and these
entries would then become falsely correlated with
the initial entry of the previous call that wasn’s
answered, thus causing the- subscriker who: ini= -
tiated the latter call to be falsely. charged there-
for: Hence in order to prevent the false associa-
tion of the answer and disconnect entries of the
flat rate call with the initial entry of the pre-
viously not answered call, the special trouble-en-
try-“385400” is perforated on the tane before the
flat rate call is established. Asg previously stated,
one of the objects of the present invention, in so
far-as it appertzins to the processing of the cen-
tral office record tape produced by the apparatus
disclosed in the above-mentioned Carpenter-~
Collis application, is to “assemble” on one. tape
adjacent to-each cther the three entries pertain-
ing to an established .connection over a particular
district. This tape is then used by suitable com-
puting and transiating equipment (which'is not
part of the present invention nor disclosed in any
of the drawings therecf) to add up the calls.and
assess appropriate charges therefor. In.operat-
ing in response to the tape, the computing: and
translating apparatus is designed to sense. and
register the three entries for a call and to sense
them in the reverse chronologieal order. If it
senses and.registers two answer and disconnect
entries, and then senses the special entry “385409”
will discharge said registered entries and further
cancel the initial entry that it will sense after it
will have sensed the special entry. In this way,
the unanswered call identified by the initial entry
but not followed by its own answer-and disconnect
entries will not be charged for.
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Fig. 24G illustrates the cancel entry “387000”
which is put on the central office record tape im-
mediately after an initial entry when the check-
ing circuits of the perforator at the central office
recognize that the initial entry is not “perfectly”
recorded as, for instance, if a punch pin of the
perforator has not successfully penetrated the
paper. Under these circumstances the call is not
completed, and the object of the “387000” entry
is to signify to the assembler to “skip” the initial
entry associated therewith without reproducing
it on any of its tapes.

Fig. 25 illustrates two groups of special entries
which are placed on the central office record tape
whenever the perforated portion thereof is to be
cut from the tape roll. Each of these two groups
of entries serve a special purpose. The first
group known as the “end-of-tape” entries, iden-
tifies the record tape with respect to the tele-
phone cffice building or office therein in which it
was produced; the second group known as the
“splice pattern” provides a perforated area
through which the tape may he severed from the
tape roll.

The end-of-tape entries consist of five special
entries of which the purpose of the “hour,”
“day” and “month” entries is obvious. The re-
maining two entries, namely, the “marker group”
entry and the “district frame” entry are those
which identify, respectively, the office building
where the tape was produced and the particular
district frame upon which is mounted the group
of one hundred districts having access to one
verforator.

The marker group entry “3340XX” identifies
the building or office of origin. The telephone
system described in the ahove-mentioned Car-
penter-Collis copending application employs
cross bar switches of a well-known type in the
telephone art, and to establish connections he-
tween subscribers through such an office it is
necessary to employ a well-known translating
device known as the “marker” the principal
funetion of which is to connect the calling sub-
seriber’s line to an available trunk extending in
the direction of the called subscriber. The oper-
ation of the marker is so fast that a small group
of them usually suffices to carry the load of a
number of offices, if the latter are located in the
same building. To the group of markers serving
a plurality of offices in one building is assigned a
two-digit number the value of which, therefore,
identifies the building, other twe-digit numbers
being assigned to other groups of markers serv-
ing other office buildings. This marker group
number is recorded as the E and ¥ gigits of the
marker group entry. Of course, where there is
but one office in the building there is hut one
marker group which is individual to the office
and, in this case, the B and F digits of the
marker group entry not only identify the build-
ing but also the office.

The district frame entry “3860XX” identifies
the office in the building. As previcusly stated,
the trunks in an office are divided into groups of
a hundred. The trunk group usually occupies
one frame and, of course, the perforator for the
trunks of a group is individual to the frame.
Now where there are a number of offices in a
building, no distinction is made with resvect to
the designation of the individusal frames in all of
the offices, but all of them are or may be serially
designated by two-digit numbers since
capacity of a telephone office building does not,
at the present time, exceed the need of more
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than one hundred (100) district frames. The
numbers given to the specific district frames will,
therefore, indicate the offices to which the latter
belong so that the district frame entry with the
frame designation entered as the E and F digits
thereof identifies the office, the particular frame
therein and the perforator which produced the
particular section of the central office record
tape.

Now when it is desired to cut off a perforated
section of a tape belonging to a particular dis-
trict frame, the perforator thereof is operated by
a special device to perforate in the following
order and in succession, the month entry
“3830XX,” the day entry “3820XX,” the hour
entry “3811XX” (indicating the hour when these
entries are made and distinguishing from the
regular hour entry “3810XX” by the fact that
the D digit is “1” instead of “0”), the district
frame entry “3800XX” and the marker group
entry “3840XX.”

After these “end-of-tape” entries are perfo-
rated, the perforator is operated to perforate
approximately thirty lines with the entry
“180303,” the entire group of lines being termed
the “splice pattern.” It will be observed from
Fig. 25 that the holes punched for this entry (the
punched holes keing shown filled) are more or
less evenly distributed among the twenty-eight
punch positions of the tape.

As previously stated, the object of the splice
pattern is to provide a perforated section across
which the tape may be perforated, and also to
provide in the splice pattern on either side of the
cut a section to which another section of tape
may be spliced or joined. The perforator used
in the Carpenter-Collis invention, and, also, the
ones used in the present invention, do not per-
forate “clean” holes but cup-shaped emboss-
ments through the use of punch pins and the
apertures of these embossments can receive the
projecting portion of other embossments coin-
cidentally superimposed thereupon. Thus two
tapes may be joined to form one continuous tape
by superimposing them along their splicing
areas.

After the perforator has punched the splice
pattern, it operates once more to punch the spe-
cial entry “386000” known as the “skip splice”
entry the significance of which will later appear,
and, thereafter, a second group of end-of-tape
entries. The tape may then be cut anywhere
across the splice pattern so that the forward end
of a tape section will have a portion of the splice
pattern followed by the skip splice entry and five
end-of-tape entries while at the trailing end it
will have the five end-of-tape entries followed by
a portion of the splice pattern. A section of such
tape is indicated in Fig. 26 between the upper
and lower “cut” (the figures of the entries there-
on being shown in Arabic numerals).

SECTION II-—GENERAL DESCRIPTION OF
THE PRINCIPAL PARTS OF THE INVENTION

With the above understanding of the signifi-
cance of the different entries on the central office
record tape to be analyzed, the operation of the
invention in response to the sensing of the record
will now be given.

The most simplified showing of the elements
of the invention is indicated in Fig. 21. Essen-
tially these comprise a reading mechanism called
the “readsr” for sensing the perforations in the
tape, a control and select circuit, and ten per-
forating mechanisms desighated 0 to 9, inclusive.




2,558,476

11

With each of these perforators there is associated
a group of “cut-in” relays designated P8A, POE,
PGC . .. P3A, P8B, PIC, respectively, and by
means of these groups of relays the associated
several perforators may be connected to the con-
trol circuit and through it to the sensing devices
of the reader.

A more detailed but still generalized disclosure
of the elements of the invention is indicated by
Fig. 22. It will be seen from this figure that
the groups of cut-in relays are controlled through
the contacts of the five relays SA . . . SE com-
prising the selection register S, and that the
latter relays, in turn, are selectively contrelled
by two separate relays, the one, relay FDS hav-
ing its contacts extending to the five sensing
pins which sense the five punch positions of the
P digit and the other, relay £DS, having its
contacts extending to the five sensing pins which
sense the five punch positions of the E digit.
All of the twenty-eight sensing pins of the reader,
on the other hand, are extended and multiples
to the contacts of the cut-in relays (through
certain intermediate relays not shown in this
fisure) so that, depending upen the group of
cut-in relays cperated, the sensing pins (mean-
ing thereby certain grounded contacts called
“reader contacts” controlied by the ving) are
extended to the punch magnsts of the perie-
rator associated with the operated cut-in relay
group.

The selection of a particular perforator
through the relays of the selection register S
is made in accordance with the value of the F
or B digit of a particular entry, or the first line
of the entry where an initial entry is being
sensed. If relay FDS is energized, the selection
is made in accordance with the value of the ¥
digit because, in this case, the windings of the
selection register reiays SA . . . SE are respec~
tively extended te the five reader contacts of
the sensing pins of the F digit. Since the per-
forations that will be encountered by the sensing
vins will be two-out-of-five to denote a particular
value 0 . .. 9, it follows that two of the five
relays SA . . . SE will operate and close a path
to the particular group of cut-in relays indicated
by the value of the P digit, the circuit closure
for the selected group of cut-in relays being,
however, controlled through cerfain registers A
and B, respectively, associated with and oper-
ating in response to the reader contacts of the
A and B digit sensing pins. Thus with relay FDS
operated, the selection of one of the ten perfo-
rators is made in accordancs with the value of
the F digit.

In the same manner, if relay SDS is operated,
the windings of the selection register relays
SA . .. SE are extended to the reader contacts
of the E digit sensing pins, and it is obvious
from the figure and frem what has already been
said in connection with selecting a perforator in
accordance with the value of the F digit that,
with relay SDS operated, the selection of the
perforator will be made in accordance with the
value of the E digit. In both cases, when the
reader contacts are extended to the punch mag-
nets of the selected perforator the magnets will
operate to reproduce on a tape individual to the
perforator whatever perforations are sensed by
the pins of the reader.

Before proceeding with a description of the
detailed operation of the invention a brief de-
scription will be given of its component parts
and their principal functions.

Fig. 1 shows the reader, the structure of which
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is. adapted for sensing a perforated record
though, of course, it may be modified or changed
to suit the form of record tc be sensed. Iis me-
chanical parts are substantially similar to those
of the reader disclosed in the copending appli-
cation of W. W. Carpenter, Serial INo. 666,280,
filed May 1, 1946. It comprises a motor-driven
cam shaft which controls the reciprocal oper-
ation of fthe twenty-eight (28) sensing pins
AA . . . FE the points of which, for every revolu-
tion of the shaft, impinge upon the surface of
the record to be analyzed. Each pin is provided

‘with a pair of contacts called “reader contacts”

bearing the same designation as the associated
pin, and whenever a pin impinging upon the
record penetrates a perforation therein, it closes
its associated reader contacts to apply g ground
to the conductor. connected to one of the con-
tacts. Hach revolution of the shaft is termed
a “sensing cycle” and the latter comprises a
period during which the pins have entered per-
forations and closed their respective reader con-
tacts and a period when the pins are out of the
perforations and opened their reader contacts.
Fig. 23A is a time chart of the sensing cycle, and
it is there seen that if the shaft is rotated at a
speed of 16 revolutions per second (for example)
the “closed” period of the reader contacts is
.042 second and the open peried .021 second.

Mounted upon the same shaft are eleven (11)
eccentric cams each of which eontrols a set of
contacts designated (reading from top to boi-
tom on the figure) C8, C8, C1, C8§, C3, C4 C3, C2,
Cl, Cit and Ci8. These contacts are closed
and opened for definite periods in relation to
the sensing cycle, and serve to control certain
cireuit functions which will later te described
in detail. Fig. 23B is a time chart for contacts
Ci, C2, C4, CB§, C8, C8 and C§, and it shows that
these contacts are clesed during the closed period
of the sensing cycle and open during the open
period. Fig. 24C is g time chart for contacts
C? and C1, and it shows that the closed and open
periods of these contacts are the reverse of those
of the contacts indicated for Fig. 23B. Fig. 23D
is a time chart for contacts C18 and Ci!. These
contacts, though clesed and opened for the same
time intervals as those of the eycle, neverthe-
less close a short time after the beginning of the
closed period of the cycle.

A part of the reader mechanism is the reader
drum upon which is mounted the record to be
analyzed. The step-by-step rotation of this
drum is controlled by the armature of the step
maghet STP through a simple pawl and ratchet
arrangement, the ratchet being mounted on the
drum. When the magnet STP is operated the
armature tilts the pawl into engagement with a
tooth in the ratchet wheel and, of course, so
long as the magnet remains energized, the pawl
will engage the ratchet wheel, causing it and the
drum to which it is affixed to remain in a sta-
tionary position and thereby prevent any further
advance of the tape. When, however, the mag-
net is deenergized, the release of its armature
causes the pawl to advance the ratchet one tooth
space, thus rotating the drum through an arc
equal to the distance between two successive lines
of perforations of the record mounted thereon
and bringing the next line of perforations into
coincidence with the punch pins when the latter
impinge upon the surface of the record during
the closed period of the sensing cycle.

One mechanical feature of the reader is the
automatic advance of the reader drum one step
for every rotation of the reader shaft so that, if
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magnet STP is not energized, both the shaft and
drum rotate in synchronism to advance the rec-~
ord one line of perforations for sensing on the
next reading cycle. This is accomplished by
means of an auxiliary shaft coupled to the shaft
of the motor and having an eccentric cam
mounted thereon directly under the armature
of the magnet. The high point of the cam is
such that on every revolution it mechanically
lifts the armature in the way it would be lifted
were it to be operated electrically so that, for
every revolution of the reader shaft, there is a
corresponding one step advance of the reader
drum. When the magnet is operated and the
armature is lifted electrically, the attraction of
the armature fowards the core of the magnet
is greater than the mechanical lift received from
the cam, leaviag a little clearance between the
high point of the cam and the face of the arma-
ture, which causes the cam to rotate freely with-
out affecting the armature and, therefore, the
reader drum. The consequencs is that while the
magnet is energized the record is held in the
same position and the sensing pins will repeti-
tively sense the same line of perforations. By
means of this arrangement it is possible to hold
the record in one position for as many sensing
cycles as desired, as, for instance, when some
entry will have to be repreoduced by all ten per-
forators, as will be deseribed.

We will now describe the meore important ecir-
cuit elements and briefly cutiine their functions.
In Figs. 2 and 3 are shown three groups of relays,
the first group, consisting of reiays TA, TB and
TC, is for the purpose of exiending the reader
contacts to the armatures of relays RFD and
RSD (F'ig. 4), the former being operated when a
record is analyzed for the selection of a per-
forator in accordance with the value of the ¥
digit and the latter when a record is analyzed
for the selection of a perforator in accordance
with the E digit.

The second group of relays, consisting of relays
RCKD, RCKE and RCKF is for the purpose of
extending the reader contacts to the bank of
lamps LAA . . . L¥E, the latter being in parailel
with the conductors extending to the relays RFD
and RSD. The group of relays RCKD, RCKE
and RCKF is operated by means of key RLP
(Fig. 1) under the control of cperated key ¥FD
(Fig. 1), and when, on analyzing the reecord
according {o the F digit these relays are operated,
those reader confacts which are cicsed in con-
sequence of the associated pins entering their
respective perforations will light corresponding
lamps. In casz of failure, therefors, the attend-
ant, by operating key RLP and noting which
lamps have and which have not lighted, will be
able te tell which pins have entered perforations
and which have not. It will ke noted that with
the operation of RCKD, RCKE and RCKF relays
the lamps are connected to the reader contacts
in the “reverse” order of their respective desig-
nations. The reascn for this is that the analysis
of the central office record tape in accordance
with the value of the F digit, hereinafter de-
scribed as the “first district sort,” is accomplished
in reverse. That is, the central office record is
inserted in the reader in reverse, thus causing
the digital perforations in a line of perforations
to be sensed by sensing pins of the reader other
than those reserved for the indicated digital posi-
tions. Thus the perforation position (ee) will
be sensed by sensing pin FE, position (ab) by
FD, etc. (as shown in Fig. 1). Since the purpose
of the lamp bank LAA . . . LFE is to apprise the
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attendant by an extinguished lamp in the lamp
bank of the absence of g perforation in the record
where one should appear, the stationary contacts
of the relays RCKD, RCKE and RCKF are wired
to the lamps in the saie order as the perforation
positions en the record iape when the latter is
inserted in the reader in reverse, so that if, for
example, the circuit fails becauss of an absence
of a perforation in position (aa) in the record
tape, lamp LAA will not light. It will be noted
that the circuit of this lamp, when this group of
relays is operated, is closed by reader contact FH.

The third group of relays consisting of relays
RCEA, RCKB and RCEC is for the purpose of
extending the reader contacts to the lamp bank
LAA . .. LFE in the same order as the perfo-
ration positions on the record tape when the
latter is inserted-in the reader directly and not
in reverse. When a recerd tape produced by the
present invention (that is, a tape produced by
one of the perforators of the invention in con-
sequence of sensing the central office record tape
in accordance with the value of the F digit) is
to be analyzed according to the value of the E
digit, hereinafter termed ‘“second district sort,”
the record tape is applied to the reader in the
order in which it was produced; that is, the per-
foration positions thereof appear for sensing di-
rectly under the sensing pins reserved for this
sensing. Thus perforating position (ae) will be
sensed by sensing pin AA, position (ab) by sens-
ing pin AB, etc. Since the purpose of operat-
ing the relays RCKA, RCKB and RCKC is 1o
apprise the attendant by an extinguished lamp
in the lamp bank of an absence of a perfora-
tion, or periorations, on second district sort, the
stationary contacts of these relays are wired to
the lamp bhank in the same order as the reader
contacts, so that both the designations of the
reader contacts and those of the lamps will cor-
respond. The relays RCKA, RCKB and RCKC
are operated by key RLP under the control of
operated second district sort key SD.

In series with each reader contact is a “check”
relay the eircuit of which is completed through
the winding of the appropriate punch magnet
of a connected perforator. The three checking
relays for the three reader contacts of the A
digit are shown in Fig. 6 within the dotted bhox
designated “A digit checking register” and are
designated as CKAA, CKAB and CKRAC. The
five checking relays for each of the remaining
five groups of reader contacts are shown in Figs.
5 and 8 under appropriate headings, each of the
relays bearing a “primed” designation identical
to that of the reader confact with which it is in
series.

It is the purpose of the relays of the A digit-
checking register to indicate that one and only
one perforation is always found in the three
punch positions reserved for the A digit, and it
is the purpose of the five relays in each of the
other digit-checking registers to indicate that
two and only two perforations are found in each
of the five position reserved for each of the
other five digits. Should no perforation or more
than one perferation be found for the A digit,
or less than two or more than two be found
for each of the other five digits, further oper-
ations are immediately suspended since an op-
eration of less than one or more than one check
relay in the A digit-checking register and less
than two or more than twe in each of the other
digit-checking registers, indicates a trouble re-
quiring investigation.
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A number of regular digit registers are pro-
vided for the performance of divers functions.
An A digit register comprising the relays Al, A2
and A3 shown in Fig. 6 selectively responds to
the sensing of the value of the A digit in the
record tape and controls the operation of the
assembler in accordance with which relay oper-
ates. The B digit register shown in Fig. 18 re-
sponds to the sensing of the B digit of the rec-
ord tape under analysis, and in conjunction with
the A digit register and sometimes the C digit
register shown in Fig, 17 controls operations as
determined by the value of the control number
which may consist of only the A digit or the A
and B digits or the A, B and C digits.

The F digit register shown in the lower half
of Fig. 19 is used on second district sort only to
check the value of the P digit, and in combina-
tion with switch TN checks that the tapes be-
ing sensed are arvanged in an ascending numer-
ical order with respect to the F or units digit
thereof. If the tapes are not spliced together-in
this order, or should they ke inserted in the
reader in any cother order but the indicated con-~
secutive numerical order, the relays operated in
the P digit register will indicate the fact, block
further operations and bring in an alarm.

The selection .register S shown con the upper
half of Fig. 19 is the register indicated in Fig.
22 zbove discussed, and is the one which de-
termines which of the ten perferators is to be
connected to the sensing pins of the reader. On
first district sort (that is, on the analysis of the
central office record tape) the five relays
SA ... SHE of the selection register are ex-
tended via the operated contacts of relay FDS
(Fig. 17) to the five reader contacts FA . . . F&
the sensing pins associated with which sense the
B or units digit of the district number on the
first line of ail entries. The setting of this reg-
ister then completes the operating path of the
group of cut-in relays PBA, PEB, PIC . . . PIA,
. P9B, P8C (shown in Fig. 12) which connects
with the desired perforator. The circuit of one
of said perforators (perforator No. 1) is shown
in Fig. 15.

On second district sort (that is, on analysis
of the ten tapes produced by the assembly as &
result of analyzing the central office record tape
on first district sort) the five relays of the se-
lection register are extended, via the operated
contacts of relay SDS (Fig. 17), to the five
reader contacts of the sensing pins EA . . . EE
which sense the E or tens digit of the district
number on the first line of all ‘entries, repro~
duced frem the central office record tape on first
district sort, and contro! the selection of the
required perforator.

The two registers designated Marker group
tens register and Marker group units register
shown in Fig. 7 are used to ‘“‘check” the marker
group record in the five end-of-tape entries.
This check is accomplished in conjunction with
the two sets of jacks designated MG tens and
MG units shown, respectively, in Figs. 7 and 10,
and in conjunction with the control circuit shown
in Fig. 14. When a central office record tape is
to be analyzed it is essential that the apparatus
of the present invention be manually adjusted
to conferm with the parficular marker group
number whence the record tape originates and
recorded in the T gnd F digits of the marker
group entry. This manual adjustment is made
by inserting the plug TNP in the jack of the MG
tens group designating the tens digit of the
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-marker group and the plug UNP in the jack of

the MG units group designating the unifs digit
of the marker group. When the reader senses
the marker group entry, the E and F digits of the
latter are registered in the tens and units mark-
er group registers. If this registration agrees
with the digital designation of the jacks into
which the plugs TNP and UNP are inserted,
sensing operations are allowed to proceed; other-
wise the circuit is blocked and an alarm is given.

In sensing the tapes from a particular marker
group it is further essential that the tapes be
inserted in the reader in the ascending and con-
secutive numerical order indicated by the district
frame entry number, that is, the B and ¥ digits
of the frame entry. To insure that this order
of tape analysis is followed the check swiich DF
and the control circuift shown in Fig. 10 are
provided. The first tape analyzed (irom a par-
ticular marker group) should have the district
frame entry “380000” and the next should have
“380001,” etc. The switch DF, being in its “0”
position (to which it should be placed by oper-
ating key DIFURK at the beginning of sensing
operations) tests for the “0” digit and for suc-
ceeding digits thereafter on the succession of
tapes from the different district frames of the
same marker group. Should the tapes be applied
to the reader in a different order than the ascend-
ing consecutive order, operations are suspended
and an alarm is given.

All of the equipment of the invention comprises
relays of the well-known type; the switches TN
and DF are of the type disclosed in Patent No.
1,520,821 while the perforator shown in Fig. 15
(of which ten are provided for the invention)
comprises twenty-eight (28) punch magnets
AAM . . . FEM, punch pins and a tape roll iden-
tical in construction to those of the reader, and
a magnet PAM which drives the roll step by step
by means of a pawl engaging a ratchet mounted
in the roll shaft.

Having given a brief outline of the main ele-
ments of the invention, we will now describe its
detailed operation.

SECTION III.—FIRST DISTRICT SORT
1. Answer or disconnect entry

To initiate the operation of the circuit, the
central offices record is inserted in the reader
in reverse as shown in Fig. 1, motor key MO,
first district sort key FD, and start key ST (Fig.
6) are operated. The operation of key MO com-
pletes the circuit of relay MOT over a path which
may be traced from ground on the contacts of
key MO, conductor 1, No. 2 contacis of relay
AT, conducior 2, winding of relay MOT to bat-
tery, operating this relay and causing the power
supply 110°v. to be applied to the motor, where-
upon the operation of the reader is started, the
sensing fingers AA . . . FB thereof being recip-
rocated against the surface of the record to be
analyzed and the contacts Cl . Cii, con-
trolled by the cams mounted on the reader shaft,
being ecaused to go through their respective cycles
of closing and opening said contacts in the vari-
ous sequences and for the various durations deter-
mined by the individual cams as indicated on
Figs. 238, 23C and 23D. Among other functions
to be described later, the operation of key ¥D
completes a circuit for relay FDS, which eircuit
may be traced from ground on the No. 2 upper
contacts of key FD, conductor {3, winding of
relay FDS to battery, causing said relay to oper-
Key FD also completes the circuit of relay



2,558,476

: 17

DSA over a circuit which may be traced from
ground on the No. 3 lower front contacts of key
FD, conductor 58 within bracket 57, winding of
relay DSA to battery. Relay DSA. operates, com-
pletes an obvious circuit for lamp SW over its
No. 10 contacts, completes ten other obvious cir-

cuits, one to each of the ten relays DSH . . . DSH
individual to each of the ten perforators § . .. 9,
whereby the punch magnets AAM . . . FEM and

the stepping magnet PAM of each of said reper-
forators are extended to the staticnary contacts
of the corresponding cut-in relays PX4 . . . PXC
and, over its No. 11 contacts, short-circuits the
No. 2 contacts of the alarm relay AL whose func-
tion will be later described.

Key FD further completes an obvicus circuit
for relay RFD over conductor 284 to the No. 1
top contacts of said key, and said relay, in operat-
ing, extends via the relays TA, AB and TC the
leads connected to the reader contacts AA . . .
FE and the leads conunected to the confrol con-
tacts Cl . . . Cil to the internais of the eircuit
network for the performance of functions to be
described hereafter. Key FD also completes a
circuit for the reader stepping magnet STP,
which circuit may be traced from battery, resist-
ance [15, No. 4 contacts of key FD, winding of
magnet STP, contacts of key RSC, contacts C8
to ground. When the reader shaft rotates to
the point where the latter contacls are closed,
the magnet STP operates and advances its pawl
to the next notch of the ratchet wheel secured
to the record-advancing drum and holds the
drum (and the record) in a fixed position with
a transverse line of recsrd perforations opposite
the sensing pins AA . .. FE. The magnet STP
is maintained in this operated position for the
period during which contacts C8 are closed, at
the opening of which the magnet may or may
not release as explained below. If it does release,
then the drum is rotated one step forward and
the record is advanced to the next line of per-
forations.

It is necessary, however, to hold up the ad-
vance of the record until the line of the entry
which is being sensed has been reproduced on the
tape of the perforator which is selected for the
reproduction of this line of the entry. Otherwise
if the drum is rotated before this occurs and the
record is advanced to the next line of perfora-
tions, the reader (that is, the sensing pins
AA . .. FE) might proceed to sense the next
line of perforations (which may be the succeeding
line of the same entry or the line of an entirely
new entry) while the selected perforator is still
connected to the circuit for the perforation of
the preceding line, in which event the perfora-
tions of the succeeding line would be superim-
posed upon those of the first line and thus pro-
duce a false record. Therefore to prevent the
advance of the record while a line of the entry
is being reproduced on a selected perforator, relay
R8I is provided which, as will be explained later,
operates in response to the completion of perfo-
rating operations by the selected perforator. So
long as relay RS{ iz normal, therefore, it acts as
a signal that the record must not be advanced
even though, during this waiting period, the sens~
ing pins AA ... F& of the reader ccntinue to
sense, with each rotation of the reader shaft, the
same line of perforations. Hence to hold the rec-
ord in the same position during the normal con-
dition of relay RSi, a holding ground is provided
for the reader magnet STP, which may be traced
from ground on the No. 4 contacts of relay RSH,
conductor 117 within brackets 9 and 5 in the order
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named, No. 39 contacts of relay RFD, to conduc~
tor C8 within bracket 3i (said conductor being
designated the same as the contacts C8 to which
it is connected), contacts of key RSC, winding of
magnet STP, thence as previously traced to bat-
tery. Thus the magnet STP will release only if
relay RSH is operated and contacts C8 are opened,
at which time the magnet armature will release
and the pawl thereof rotate the reader drum one
position to advance the record to the next line of
periorations.

The closure of key ST completes a circuit for
relay 8T, which circuit extends from battery
through the winding of relay STI, contacts of
release key RL:S, WNo. 1 back contacts of relay ST2,
contacts of key ST, No. § contacts of relay A3,
No. 6 contacts of relay LKI, conductor 3, No. 1
contacts of relay R33, conductor 4 within bracket
5, No. 38 contacts of relay RFD, conductor C1
within bracket 1, contacts C7 (when closed) to
ground.

From Fig. 23C it will be observed that the com-
mon reader contacts C3 and C7T are timed to be
open during the period when the sensing pins
AA ... F8 have penetrated perforations and
therefore during the time when their associated
reader contacts are closed. It wiil be observed,
further, that the common contacts C2 and CT are
closed when the sensing pins are not engaging the
record. Therefore the above traced circuit for
relay ST does not become effective until contacts
C1 are closed, which will be when the sensing pins
are not engaging the record and when their asso-
ciated reader contacts are opened.

‘When relay ST1 operates, a circuit path is com-
pleted for the three relays TA, TB and TC, which
circuit extends from battery severally through the
windings of said relays, conductor [0 within
bracket {1, No. 29 contacts of relay RFD, con-
ductor 8 within brackets 5 and 9 in the order
named, No. 1 back contacts of relay TRI, con-
ductor & within bracket 7, to ground in the No. 3
contacts of relay STi. Relays TA, TB and TC
operate.

Through its No. 2 contacts relay STI further
applies ground to one side of the winding of re-
lay ST2, the other side of said winding being
grounded by the aforesaid contacis C1. When
these contacts break at the beginning of the closed
period of the sensing cycle, relay ST2 operates
in series with relay ST over a circuit path ex-
tending from battery through the winding of re-
lay ST, contacts of key RLS, winding of relay
8TZ, to ground on the No. 2 contacts of relay STHI.
On the next closure of contacts CT at the end of
the closed period of the sensing cycle, a path is
closed for relay ACE which extends from battery
through the winding of said relay, No. 1 front
contacts of relay 812, No. b contacts of relay STHI,
and thence as previcusly traced to ground on con-
tacts C7. Relay ACS operates and locks to ground
on the No. 2 front contacts of relay ST2. The op-
eration of relays ACH, TA, TB and TC extends the
conductors severally connected to the twenty-
eight (28) reader contacts to the relays of the as-
sembler.

On the third sensing cycle of the reader shaft,
and since relays ACH, TA, T8 and TC are now
operated, circuits are completed to certain relays
of the assembler circuit or to certain magnets of
a selected perforator in conseguence of certain
of the sensing pins AA ... FZ entering oppo-
sitely located perforations in the central office
record.

We may now proceed with the description
of concrete examples of sensing different types
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of “entries” in the record. It will be recalled
from the description of the central office record
tape that the entries first encountered by the
sensing pin of the reader are the splice pattern
entries and the end-of-tape entries (see Fig.
26). These entries as sensed are reproduced by
all ten perforators. For convenience of descrip-
tion, however, and in order to better facilitate
an understanding of the operation of the as-
sembler, the operation of the latter in response
to the sensing of the splice and end-of-taps
entries will be postponed until its operation has
been described with respect to the regular call
entries and certain other enfries. I{ will be
assuimed, therefore, that the central office rec-
ord tape has been regularly advanced beyond
the end-of-tape enfries to the first call entry
which may be supposed to be an answer or dis-
connect entry. It should be understbood, how-

ever, (and as just stated) that while the opera- 2

tion of the inventicn will be described in con~
necticn with the sensing of entries in an order
best suited to develop the operation of different
parts of the assembler, that this order is not
the one in which the entries appear for sensing,
said iast-mentioned order being the one indi-
cated at the beginning of this paragraph.

It will now be assumed that, for the purpose
of illustration, the six digits A . . . ¥ of an an-
swer and disconnect entry have the speciiic
values “211171,” as shown in Fig. 24B.

As previously stated, the digital values punched
in the B, C and D digit positions of the central
cffice record tape represent the time of answer,
or disconnect, in terms of tens of minutes (B
digit), minutes (C digit) and tenths of minute
(D digit). The digital values punched in the
E and F digit positions represent the number
of the district selector (or junctor or trunk)
over which the telephone connection was estab-
lished in the central office where the record
being analyzed was produced. In the present
example, the district used for the connection
is assumed to have the number 71, the numeral

7 being the “tens” digit recorded in the E digit

position and the numeral 1 being the “units”
digit recorded in the ¥ digit position.

With the above understanding of the signifi-
cance of the numerals recorded in each of the

digital positions A . .. P of the single line an~ :

swer and disconnect entry being sensed, those
operations of the assembler circuit which occur
in response to the sensing of this entry will now
be described.

As previously pointed out, the operations of
the circuit have advanced to the point where
the reader contacts AA ... FE have been ex-
tended by the operation of relays TA, TB, TC
and AC#.

As shown in Pig, 24B, there is one hole punched
in the punch position (Ab) for the assumed
digital value “2” of the A digit and two holes
punched in the indicated position in the record
tape for each of the other digital values of the
digits B . . . B, inclusive.
there will always be two relays or magnets, and
only two, selectively operated (as will be shown)
according to which two punch positions are
perforated in each of the indicated digital or-
ders on the record tape, while one relay or mag-
net, and only one, is selectively operated (as
will be shown) for the A digit in accordance with
which one of the three punch positions of the
A digit will have been punched on the record
tape. Consequently when sensing pin FD en-
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gages the hole in position (Ab) a circuit will
be completed for relay A2 of the A register over
the following path: battery through the wind-
ing of relay A2, No. 2 contacts of relay ACY,
conductor {2{ within bracket 5, No. 4 contacts
of relay R¥D, conductor §22 within bracket {1,
No. 9 contacts of relay TC, reader contacts FD,
to ground. Relay A2 thus operates and regis-
ters in the A register the digital value 2 of the
A digit.

With velay AZ operated, ground is applied to
conductor 8{ over the following path: ground
on contacts C8 (said contact being grounded
during the closed period of the sensing cycle as
shown in Fig. 23B), No. 40 contacts of relay
RID, conductor 44 within bracket %, No. 2 con-
tacts of relay TSTZ, conductor 4%, No. 1 con-
tacts of relay AL, conductor 46, No. 2 contacts
of relay Af, No. 2 contacts of relay LK2, No. 2
contacts of relay A8, No. 4 contacts of relay A2,
conductor 47 within bracket 28, No. 2 contacts
of relay FDS, conductor 48 within bracket 49,
No. 4 bhack contacts of relay CE2, conductor 58,
No. I contacts of relay RS!, conductor 51 to the
No. 3 kack contacts of relay SA of the selection
register S. Conductor §i is a lead which is
common to the five relays SA ... SE of this
register and, as will be shown, is the conductor
gver which a circuit will be completed to the
group of cut-in relays PEA, P8B, PIC . . . PS4,
P88, PSC individual to the perforator indicated
by the setting of the relays of this register.

In the B digit position of the record the digital
value “1” is recorded with perforations punched
in positions (Ba) and (Bd) of the record. Since,
according to ¥ig. 1, these perforations are sensed
by the pins ¥B and ED, respectively, the fol-
lowing circuits are completed for relays BiA

- and BID of the B register: (1) Ground on the
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reader contacts ¥B, No. 7 contacts of relay TC,
conductor 23 within bracket if, No. 2 contacts
of relay RFD, conductor 18 within brackets 5,
{4 and 19 in the order named, to battery through
the winding of relay BiA; (2) ground on the
reader contacts ED, No. 4 contacts of relay TC,
conductor 22 within bracket 11, No. § contacts
of relay RFD, conductor 2i within brackets §,
{4 and i% in the order named, to battery
through the winding of relay BID. Relays BiA
and BID operate over these circuits to register
the digital value “1” in the B register. It will
be noted that relay BiA closes an cbvious cir-
cuit for relay BZA and that relay BID closes an
obvious circuit for relay B2D. Both of these
latter relays operaite but perform no funection
in connection with the sensing of the answer or
disconnect enfry.

As previously stated, the digital value “2” in
the A digit of the record indicates an “answer”
or “disconnect” entry. Now it will be recalled
that relay FDS was operated in response to the
operation of the first district sort key ¥D. Among
its other functions this relay, when operated,
extends the windings of five relays SA . . . SE
of the selection register S to the five sensing pins
AA . .. AC and BA and BB which, according to
Fig. 1, are sensing the F or units digit perforations
of the district numbker punched on the record.
It has been assumed that the units digit of the
distriet number is “1” and that, accordingly, holes
are punched in the punch positions (Fd) and
(Fg) of the F digit., Since, as noted in Fig. 1,
these two punch positions are sensed by pins AB
and BB, respectively, ground will be conneected to
their respective reader contacts to complete the
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following two eircuits for the operation of relays
SD and SA, respectively: (1) Ground on the
reader contacts AB, No. 2 contacts of relay TA,
conductor &8 within bracket (i, No. 27 contacts
of relay REFD, conductor 4§ within brackets 5 and
{4 in the order named, No. § contacts of relay
DS, conductor 42 within bracket 39, winding of
relay SD to battery; (2) ground on the reader
contacts BB, No. 5 contacts of relay TA, conduc-
tor 36 within bracket {1, No. 22 contacis of relay
RFD, conductor $¥ within brackets § and 14 in
the order named, No. 12 contacts of relay FDS,
conductor 38 within bracket 39, winding of relay
SA to battery. Both relays 8D and SA operate
to cause the selection of the perforator No. 1 in
accordance with the value of the units digit “1”
registered in the ¥ digit position of the record.
As will be shown, the “answer” or “disconnect”
message “2 1 1 1 7 1” will be recorded on
the record tape controlled by this perforator and
in the identical code in which it was recorded on
the original record tape. In cther words, the
entire entry is reproduced upon the record tape
of the selected perforator.

‘With relays SA and 8D thus operated, and re- ¢

membering that relay 42 is now operated, a cir-
cuit is completed for relays Pi4, PiB and PIC
which are the “cut-in” relays for perforator No. 1
and by means of which the perforator magnets
thereof arve exiended to the reader contacts
AA . . . FE; there being, as previously stated and
as indicated by Fig. 12, one set of “cut~in” relays
PXA ... PXC for each of the ten verforators
8 . .. 8 but of the latter of which only the mag-
nets of perforator No. 1 are shown in Fig. 15.
The circuit path by which relays PIA .. . PIC
are operated is as follows: ground from contacts
C§ as previously traced to conductor 5{, No. 4
contacts of relay SA (which is operated), No. 6
contacts of relay 8B, MNo. 6 contacts of relay SC,
No. 6 contacts of relay SD (which is operated),
No. 5 contacts of relay SE, No. 8 contacts of relay
SD, No. 5 contacts of relay SA, conductor desig-
nated by the circled ! within bracket 53, condue-
tor 52, winding of relays Pi4, PiB and PIC, re-
spectively, to battery. These relays operate and
connect perforator No. 1 (shown in Fig. 15) to
the circuit. Relay PlA, when operated, also com-
vletes a circeuit for relay PDi which may be traced
from battery through the winding of said relay,
conductor {87, Wo. 5 contacts of relay PIA, con-
ductor 1028 within bracket 5, No. 35 contacts of
relay RFD and thence to the contacts CA. As
noted from Fig. 23B contacts C4 are closed during
the closed period of the sensing cycle, ground is
then applied thereto and relay PDI is caused to
operate over the above traced circuit. Relay P1A
also completes a partial path serially through the
paper advance magnet PAM of perforator No. 1
and relay PCK{, said circuit being traced from
battery through the winding of magnet PAM,
No. 1 contacts of relay DSI (of perforator No. 1),
conductor {{@ within bracket 5%, winding of re-
lay PCKI, conductor {11, No. 4 contacts of relay
PiA, conductor {12, No. 2 back contacts of relay
TR3, conductor |18 within brackets 9 and 5 in
the order named, NNo. 30 contacts of relay RFD to
contacts CIl8. As will be noted from Fig. 23D,
contacts Cib (and also Cil) are out of phase with
the sensing cycle, close approximately .006 sec-
ond after the beginning of the closed period of
the sensing cycle and open .006 second after the
end of said closed period. 'The above circuit,
therefore, is completed after sensing proper has
commenced, at which time the paper advance
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magnet PAM operates to position its pawl to ad-
vance the record tape of perforator No. 1 one
step on the release of the magnet, as subsequently
set forth, while relay PCKi operates and locks
over its No. 2 contacts, conductor {i5 within
bracket 5, No. 31 contacts of relay RFD, to ground
in contacts ClIl which are closed at this time.

In a similar manner depending upon the value
of the F digit and the operation of the two relays
out of the five relays SA . . . SE of the selection
register S which indicate this digit, the circuit
of any of the other nine groups of relays POA,
POB, POC . . . P34, PYB, PSC will be completed
over the common conductor 51, to cause the oper-
ation of one of the indicated groups of relays and
the connection thereby of the corresponding per-
forator to the assembler, the operation of the as-
sociated relay PD- and the operation of relay
PCK- in series with the paper advancing magnet
PAM of the selected perforator. In order to
avoid unnecessary reptition, the number of the
perforator which is connected to the assembler
in response to the operation of each of the 2-out-
of-5 combinations of relays SA ... SE caused
by the sensing of the F digit positions is indicated
by the several circled numerals in Fig. 19 on the
conductors within bracket 53 which connect with
like circled numerals on the conductors in Fig. 11
which connect to the appropriate groups of cut-in
relays POA, PIB, P8C . . . PSA, PIB, PSC asso-
ciated with each one of the ten perforators.

Once relays PiA, PIB and PIC are operated,
the perforator magnets AAM . . . FEM of per-
forator No. 1 are connected to the reader contacts
AA . . . FE through the contacts of said relays,
and by the selective operation of the magnets
of said perforator as indicated below, one line
of perforations across the central office record
tape is reproduced on the tape controlled by
perforator No. 1.

It has been assumed that the answer or dis-
connect entry consists of the number 211171, the
first digit “2” being the A digit; the second digit
“1” being the B digit; the third digit “1” being
the C digit; the fourth digit “1” being the D digit;
the fifth digit “7” being the E digit, while the
sixth digit “1” being the F digit. Since the record
is being analyzed backward and in reverse, then,
according to Fig. 1, the perforations representing
these digits are sensed by the different sensing
pins as indicated below, to operate the indicated
punch magnets of the selected perforator No. 1.
Tt will be noted from the following table (and
irom Fig. 15) that the punch magnets of the )
perforator are given the same lefter designation
as the punch pins except that the letter “nL” is
additionally affixed:

Punch Posi- .
Digit tions on the | Sensed by | FRECh Magnets
Record perate

Abo_o. FD..__..__. ABM,
Ba, Bd..... 7B, D BAM, BDM.
Ca, Cd.. -2 EB, DD CAM, CDA.,
De, Dd___. B, CD_...| DAM, DDM.

_| Bb, Be.o..._ CA,BE_____ EBM, ECM,
e, Fd__.... ,AB_ FAM, FDM.

Accordingly, upon the operation of relays PiA,
PiB, PIC the following eircuits are completed
from the reader contacts associated with the
above-indicated sensing pins to the perforator
magnets of perforator No. 1 indiecated below:

1. Ground on the reader contacts FD, No. 9
contacts of relay TC, conductor 122 within
bracket 1f, No. 4 contacts of relay RFD, conduc~
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tor 12§ within bracket &, winding of the cheek
relay CKAB, conductor {28, No. 2 contacts of
relay PLA, conductor {27 within bracket 57, No.
3 contacts of relay DSI, winding of punch mag-
net ABM to battery. Both the magnet and relay
CKAE operate in this cireuit.

2. Ground on the reader contacts FB, No. 7
contacts of relay TC, conductor 28 within bracket
1{, No. 2 contacts of velay R¥FD, conductor {8
within brackets 5 and £ in the order named, con-
ductor {8’ within bracket %8, winding of check
relay BA' of the B digit checking reiays, con-
ducter 83 within bracket &1, No. 5 contacts of
relay PlA, conductor 62 within bracket 81, No. 5
contacts of relay D8I, winding of punch magnet
BAM 15 battery. Both the magnet BAM and
relay BA’ operate in this ecircuit.

3. Ground on the reader contacts ED, No. 4 con-
tacts of relay TC, conductor 22 within bracket i,
No. 9 contacts of relay R¥FD, conductor 24 within
brackets § and i4 in the order named, conduc-
tor 247 within bracket ¥3, winding of relay BD’
of the B digit ¢recking relays, conductor 83 with-
in bracket 8i, Wo. & contacts of relay PiA, con-
ducter 88 within bracket 87, No. 8 contacts of
relay D84, winding of punch magnet BDM to
battery. Both the maghet and relay BD operate
in this eircuit.

4. Ground on the reader contacts EB, No. 2
contacts of relay TC, conductor §8§ within bracikes
i1, No. 7 contacts of relay RFD, conductor &3
within brackets 5, {4 in the corder named, con-
ductor 65’ within brackets 78, winding of relay
CA’ of the € digit checking relays, conductor §7
within bracket €8, No. 1 contacts of relay PiB,
conducior 88 within bracket 57, No. 1 contacts of
relay DSi, winding of punch magnet CAM {o
battery. Both the punch magnst CAM and relay
CA’ operate in this eircuit.

5. Ground on the reader contacts DD, No. 9
contacts of relay 1’8, conduciocr 78 within bracket
it, NMo. 14 contacts of relay RFD, conductor T
within brackels 5 and 14 in the order named,
conductor T’ within bracket 59, winding of re-
lay CD’ of the C digit checking relays, conduc-
tor 3 within the bracket §8, No. 4 contacts of
relay PiB, conductor 14 within bracket 87, No. 13
contacts of relay D84, winding of punch magnet
CDM to battery. Boih the punch magnet CDM
and relay T3’ operate in this circuit.

. Ground on the reader contacts DB, No. 7

i T8, conductor 188 within

relzy RFD, conduc-
4 in the order named,
conductor 5’ within bracket 53, winding of re-

lay DA’ of the D digit checking relays, conductor

78 within bracket 77, Mo. § contacts of relay PiB,
conductor i8 within bracket 57, No, 15 contacts
of relay D81, winding of punch magnet DAM to
hattery. Both the punch magnet DAM and relay
DA’ operate in this cirsuit.

7. Ground on the reader contacts CD, No. 4
contacts of relay TB, ¢onductor 7§ within bracket
i{, No. 19 contact of relay RFD, conductor 88

- within brackets 5, i£ and 588, in the order named,
winding of relay DD of the D digit checking re-
lays, conductor 8! within bracket 77, No. 9 con-
tacts of relay PIR, conductor 82 within bracket

57, I¥o. 18.contacts of relay DS, winding of punch
magnret DDR to battery. Both the punch magnet
DDM and-relay DD’ cperabe in this circuit.

8. Ground on the reader contacts CA, No. 1
contacts of relay TB, conductor 84 within bracket
i1, No. 16 contacts of relay RFD, conductor 85
within brackets 5, 14 in the order named, con-
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ductor 85’ within bracket 58, winding of relay
EB’ of the ® digit checking relays, conductor 85
within bracket 8%, No. 2 contacts of relay PIC,
conductor 88 within bracket 57, Mo. 21 contacts
of relay DSH, winding of punch magnet EBM te
battery. Poth the magnst BRBM and relay &8’
cperate in this circuit.

8. Ground on the reader coniacts BE, No. 8
contacts of reiay T4, conducier §2 within brackst
{1, No. 25 contacts of relay RFLD, conductor 8§
within brackets 3, {4 in the order named, con-
ductor 8%’ within hracket £9, winding of relay
EC’, conductor 8¢ within bracket 8%, MNo. 3 coa-
tacts of relay PiC, conductor 2 within bracket
87, No. 22 centacis of relay DS, nuuch magne
ECM to battery. BRBoth the punch magnet RBCM
and relay EC’ onerate in this circuit.

10. Ground on the reader contacts BB, ITo. 5
contacts of relay TA, conductor 35 within pracket
1, No. 22 contacts of relay R¥D, conductor 37
within hrackets 5 and {4 in the ordsr named,
conductor 37" within brackst §8, winding of relay
BA’ of the F digii checking reiays, conductor §4
within bracket §3, No. § contacts of relay PIC,
conductor %8 within bracket 27, No. 25 contacts
of relay D84, winding of punch magnet PAM to
battery. Both the magnst FAM and relay TA’
operate in this circuit.

11. Ground on the reader contacis AB, No. 2
contacts of relay ‘TA, conductor 43 within bracket
i1, Wo. 27 contacts of relay RFD, conductor #1
within brackets 5§ and i4 in the crder named,
conductor 4§’ within bracket 59, winding of
relay PO of the ¥ digit checking relays, con-
ductor 87 within bracket 285, No. & contacts of
relay PiC, conductor 28 within bracket 87, No.
28 contacts of reiay 1331, winding of punch mag-
net ¥DOM, to battery. Eoth the punch magnst
FDM and relay FD’ operate in this circuit.

It will e observed that with regpsct to cir-
cuits (4) and (6) above traced, parallel circuits
are also completed to corresponding yelays CiA
.. . CIE in the C digit register (Fig. 17). With
respect to the ecircuit of the punch magnet TAM,
the parallel branch is established cver condue-
tor 66, winding of relay CiA to battery. With
respect to the circuit of punch magnet CDM, the
parallel branch is estabiished over conductor 71,
winding of relay CiD Both relays

v
44

function. That is, the designating
the value of the C digit not cnly cause the

cperation of the appropriste punch magnets in
the seiected perforator No. 1, but also the spera~
tion of the appropriate 2-out-ci-5 relays in the C
digit register for registering the value of this
digit therein. Although each value of the € digit
will always be registered in the C digit register,
it will be shown that this registration comes
into play only for the entries which Have the
digital value “8” for the B digit of other “cne
line” entries.

The operation of the above-indicated punch
magnets of perforator No. 1 produces psrfora-
tions on the tape associated with this pericrator,
which are repreductions of those sensed and,
thevefore, constitute the reprogduction of the
answer ¢r disconnect entry “211171.”

It should be noted that relay A2 and the two
relays S— of the selection register S all operate
from their respectively associated reader contacts
at the same time that the perferator cut-in relays
PIA . . . PIC operate as the sccond relay svent
in ‘connecting the perforator with said reader
contacts. Inasmuch as the digit checking relays
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BA’ . .. FE’' and CKAA, CKAB and CKAC are
connected in series between the reader contacts
and the punch magnets of the perforator, there
will be 2 out of 5 of these relays operated for
each of the B, C, D, & and P digit checking reg-
isters, as above indicated, and also one relay in
the A digit checking register. Thus there will
ke 11 “check” relays operated when the psrfora-
tor is connected to the reader contacts during the
time that the said contacts are closed.

The operation of the above indicafed 11 check
relays (the relays whose circuits were traeced in
series with the windings of the punch magnets)
cleses a checking circuit which may be traced
from ground on the No. 2 contacts of relay CKAA,
Mo. 4 contacts of relays CKAB (operated), No. 2
contaets of relay CKAC, conductor %9, No. 2 con-
tacts of relay BA’ (operated), No. 3 ccentacts
of relay BB’, No. 4 contacts of relay BC’, No. 4
contacts of relay BD’ (operated), No. 2 contacts
of relay BE’, INo. 2 contacts of relay CA’ (opey-
ated), No. 3 contacts of relay CB’, No. 4 contacts
of relay CC’, INo. 4 contacts of relay CD’ (oper-
ated), No. 2 contacts of relay CE’, No. 2 confacts
of relay DA’ (operated), No. 3 contacts of relay
DB’, No. 4 contacts of relay DC’, No. 4 contacts
of relay DD’ (operated), No. 2 contacts of relay
DE’, conductor {¢8, MNo. 1 contacts of relay EA’,
No. 2 contacts of relay EB’ (operated), No. 5 con-
taets of relay BC’ (operated), No. 2 contacts of
relay EDY, No. 2 contacts of relay BE’, MNo. 2 con-
tacts of relay FA’ (operated), Io. 3 contacts of
relay FB’, No. 4 contacts of relay FC’, No. 4 con-
tacts of relay FD’ (operated), No. 2 contacts of
relay ¥E’, conductor i8{, No. 3 contacts of relay
PD3Y, No. 2 contacts of relay PD{, No. 3 contacts
of relay PCK{, No. 5 contacts of any of the relays
PD2 . .. PD§, conductor 182, No. 4 hack con-
tacts cf relay APC, conductor {£3, windings of
relays RSI and RS2 to battery. Relays RS§ and
RS2 operate, the former in turn operating relay
RS3. The closure of the circuit of relays RSI
and RS2 insures (@) that 11 and only il punch
magnets are operated, (b) that one and only one
perforator is connected o the reader contacts
and (¢) that the circuit is closed for operating
the paper-advance magnet PAM of the connected
perforator since the above-traced check cireuit
runs through the No. 3 operated pair of contacts
on relay PCKI{, the winding of which is in series
with the winding of the paper-advance magnet
PAM of periorator No. 1. Relay RSS! locks over
its No. 2 contacts, conductor i84 within bracket
5§, No. 34 contacts of relay RFD, to ground on con-
tacts C3 when (as noted from Fig. 23B) the
sensing pins advance from the closed period of
the sensing cycle to the open peried,

Thus the operation of relays RSI, RS2 and RS3
serves as an “OK” signal fo insure that the cir-
cuits have been closed to punch the proper record
on the proper perforator. As noted before, the
record punched on the tape of this perforator is
the same that read from the central office tape
by the sensing pins cof the readsr.

It will be noted that the locking circuit of relay
PCKI (and other relays PCE~ of this group)
which, over conductor {i%, extends to ground on
the contacts Cll, khas a supplementary ground
over the No, 3 contacts of relay ACS through a
path which may be traced over conductor 115’
within bracket 9, No. 1 contacts of relay SS2,
conductor 118, No. 1 back contacts of relay TRE,
No. 4 contacts of relay RS2, conductor 119 to
ground on the No. 3 contacts of relay ACS. It is
.essential that if the checking circuit fails for any
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reason, as evidenced by the failure to operate
relays RS{, RS2, and RS3, the perforator be held
from advancing the record tape. Since the
reader shaft is continuously rotating so long as
key MO is operated, contacts Ci1 will open a little
after the closed period of the sensing cycle and
relay PCKI and magnet PAM will release, the
latter causing the advance of the record tape one
step. If the check cireuit fails, however, relays
PCKI{ and magnet PAM will be held operated by
the aforetraced ground on conductor {15’ to pre-
vent this advance. Henhce when contacts CII
oven and relay RS3 is normal (on the assumption
that the check ecircuit has failed), ground on
conductor 115’ will be applied to conductor (15
to hold relay PCKI and magnet PAM operated,
thus arresting the advance of the perforator rec-
ord tape. The reader shaft will, in the mean-
while, continue to rotate and thereby cause the
repetitive sensing of the enfry (or the line of an
entry). However, since ground is applied to con-
ductor 11T from the No. 4 contacts of relay RSI
(which is normal because the check circuit failed)
the reader stepping magnet STP is held operated,
the reader drum is held stationary, the central
office record tape is not advanced and the sensing
pins will continue to sense the same line of per-
forations for which the check circuit failed. As
will be shown later, the failure to release the per-
forator will cause the operation of an alarm that
will call atiention to the abnormal condition.

It should further be noted that in operating
any group of perforator cut-in relays such as,
for example, relays PIA . . . PiC with relay A2
operated, the path for operating said relays is
through the No. 1 contacts of relay RSt by way
of conductor 5{. This is to insure that relays
RS! and RS2 are normal before a new record is
put on the tape of any perforator. After the
group of perforator cut-in relays is operated and
circuits are closed through the contacts of said
relays to the perforator punch magnets as already
described for the cut-in relays PiA . .. PIC,
relays RSI and RS2 are operated as ahbove de-
scribed. 'The circuit of the cut-in relays PlA
. .. PIC is then opened by the operation of
relay RS1 in consequence of the latter’s operation
over the checking circuit. If by this time, the
punch magnets of the selected perforator have
not completed their function of punching the
record tape, (the circuit thereof still being closed
by the reader contacts if the closed period of the
sensing cycle is still in progress) the release of

the cub-in relays PIA ... PiC would open the
circuit of these magnets. Therefore to insure
that relays PIA .. . PIC will not release after

the operation of relay RSI, the No. 1 contacts of
said latter relay are short-circuited over con-
ductor 51, No. 1 contacts of relay PDI, conductor
50’ and thenece as traced over conductors 50 . . .
44 to ground on contacts C9.

When the reader contacts open, relay A2, relays
SA and SD of the selection register S, the cut-in.
relays PIA . . . PIC, relay PDI and the operated

5 relays of the digit-checking registers all release.

With relay RS3 operated, ground is removed from
conductor {17, thereby opening one of the circuits
which hold the stepping magnet STP operated.
When contacts C8 open, the other circuit is also
opened and this magnet will then release to cause
the reader drum to be rctated one step and there-
by advance the central office record tape to the
next line of perforations,

It will be recalled that relay PCKI is locked to
ground on contacts Cll in series with the paper-
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advance magnet PAM of perforator No. 1. As
will be noted from the time chart of Fig. 23D
contacts Ci8 and contacts Ci! break approxi-
mately .006 second after the termination of the
closed period of the sensing cyecle and, therefore,
after the reader contacts break. This is to allow
sufficient time for the punch ping of the selected
perforator to be released before the contacts Ci0
and C!! cpen, so that these pins will not snag
the record tape of the perforator when the drum
of the latter rotates to step the record tape.
Relay PCKI{ (or any other of the relays PCK-)
is locked to the contacts Cif because each of the
circuits of the cut-in relay groups PSA . . . PEB,
POC . .. PSA, P9B, PAC (through the contacts
of one of which relay PCK is operated) may open
before the paper-advancing magnet PAM will
have completed its function of advancing the
perforator record tape. That is, the punch mag-
nets of the perforator will release immediately
after the reader contacts open. For a period
after this opening, the circuit of relay PCK{ and
that of the magnet PAM are held to ground on
the contacts Cil in order to allow the punch pins
confrolled by the punch magnets to release and
clear from the record tape.
tacts Cil open, which, as noted, is about .006
second after the reader contacts break, the punch
vins will have cleared the record tape and, aceord-~
ingly, the circuit of the magnet PAM and relay
PCE{ will be opened to allow the advance of the
record tape.

Thus with all of the above-mentioned relays re-
leased during the open period of the sensing eycle
(with the exception of relays RS{, RS2 and RS3),
the assembler will be in position to read and per-
forate another entry or the succeeding line of the
same entry in the central office tape record.
When the sensing pins AA . . . FE read the next
line of the message and the assceiated contacts

" close in response to the pins which pass through
perforations in the recerd, the appropriate relay
A— of the A digit and the appropriate two out of
five relays S— of the selection register S will op-
erate. However, since conductor 51 to which
ground to cperate the next group of cut-in relays
is applied, is controlled through the normal No.
1 contacts of relay RS!, said cut-in relays can-
not be operated until relay RS{ is released. This
acts as a check to insure that relays RS!, RS2
and RS3 are released before another record is
punched on the record tape of a perforator. As
was noted above, the No. 1 contacts of relay RS,
used to check its normal condition, are short-cir-
cuited through the No. 1 contacts of relay PD-
(depending upon which one is operated), in order
to prevent the opening of the circuit to the pre-
viously operated cut-in relays PI1A . . . PIC sub-
sequent to the operation of relay RS! after the
check relays have operated on the sensed line of
perforations.

The circuit will continue to perforate the “an-
swer” and/or “disconnect” entries once for each
time that the reader is stepped and the sensing
pins thereof are breught in opposite alignment
with the transverse line of perforations repre-
senting such entries. Thess answer and discon-
nect entries are, of course, perforated on the rec-
ord tapes of the several perforators selected by
the 2-out-of-5 relays of the selection register S,
which are operated in response to the sensing of
the units digit (F digit) of the district numper
associated with the particular answer or discon-
nect entry being sensed. '

By the fime that con--
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2. Initial two-line eniry

An initial two-line entry, indicated in Fig. 24C,
is the entry recorded on the central office rec-
ord tape as the initial entry of a lccal call which
is to be charged in terms of standard call units
and for which no details are to be furnished the
subscriber to be charged. For this entry and in
the first line thereof (reading from bottom up in
Fig. 24C) the A and B digits together constitute
the “entry” digits; the C digit, called the “index,”
designates the number of charge units; the D digit
indicates the calling party station, while the E
and F digits designate (as with a single line an-
swer or disccnnect entry) the tens and units
digits, respectively, of the district junctor over
which the connection was established.

In the second line of the entry (the upper line
in Fig. 24C) the A digit always has the value “1”
to indicate that il is a supplementary line, while
the remaining five digits B . . . F are used to
identify the nurber of the calling Iline with re-
spect to its terminal location in the switching
frames of the office, all of which has been pre-
viously explained in Section I.

It will now be assumed that, as indicated in
Fig. 24C, the first line of an initial two-line entry
is 311171 and that the second line is 104826, Ac-
cording to Fig. 1, the perforation in position (Ac)
(recording the A digit 3) will be sensed by the pin
FC. Conseguently when this pin enters the per-
foration 2 circuit will be completed for relay A3
which may be traced from ground on reader con-
tacts FC, No. 8 contacts of relay TC, conductor 17
within bracket f{, No. 8 contacts of relay RFD,
conduetor §§ within brackets 5 and 9 in the order
named, No. 4 back contacts of relay TRS, conduc-
tor t5 within bracket 7, No. 2 contacts of relay
ETP, No. 4 contacts of relay ACS, No. 1 contacts
of relay APB, winding of relay A% to battery.
Relay A3 operates in this circuit to register the
value “3” in the A digit register. Also atthe same
time, relays BiA and BID will be operated in re-
sponse to the perforations in positions (Ba) and
(Bd) of the B digit (to register the value “1” in
the B digit register) as before described and they,
in turn, locally operate relays B2A and B2D, re-
spectively. Further (as in the case of the answer
and disconnect entry previously described), two
relays SA . . . SE of the selective register 8 are
operated in response to the sensing of the F digit
in which is recorded the value of the units digit
of the district number. Since the value of this
digit is “1” (punch positions (Fa) and (Fd) and
sensed by the sensing pins BB and AB, respec-
tively) relays SA and SD are operated over pre-
viously traced cireuits, in turn to complete g cir-
cuit for cperating the perforator cut-in relays
PiA, PIB ang P{C individual to perforator No. 1,
thereby to connect the magnets of this perforator
to the reader contacts. :

Also in this cass, as in the case of the answer
and disconnect entry, the C digit which, in the
initial two-line entry under consideration con-
tains the index number which is assumed to have
the digital value “1,” relays CA and CD of the C
digit register are operated over previously de-
scribed civeuits. As before, these relays though
operated, perform no function with respect to an
entry the B entry digit of which has any value
other than “8.”

With relay A8 operated, a circuit is completed
for relay LXK, which circuit extends from battery
through the winding of said latter relay, No. 2
contacts of relay A2, conductor 27, No. 1 con-
tacts of relay CEf, No. 1 contacts of relay TST2,
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No. ¢4 contacts of relay SKP, conductor 28, No. 4
contacts of relay A3, conductor 28 within bracket
5, No. 36 contacts of relay RFD, common contacts
C5, to ground, said contacts being closed during
the clesed period of the sensing cycle (Fig, 23C).
Relay LKI{ operates and locks over g circuit ex-
ending from ground on the No. 1 contacts of
relay AC8, No. 1 contacts of relay L2, resistor 132,
No. 5 contacts of reiay LE{, conductor 28’, con-
ductor 28, thence as traced to the winding of
relay LKIi. I will be noted that this latter
ground supplements the ground on contact CH
available over conductor 22 and (through the op-
erated contacts of relay A3) cver conductor 28’.
Hence in order for relay LK to release, not only
must contacts C5 be opened hut relay L2 must
also he operated. 'The broad function of relay
LK is to serve as an ofi-normal relay te supply
off-normal grounds for various relays during the
time that the supplementary lines of an initial
entry are being perforated. It will be shown that
relay L2 operates when the last line of the entry
is being punched, at which time one of the locking
circuits of relay LK/ is orened. When the sens-
ing pins thereaffer reach the open period, con-
tacts CB will open, thereby opening the second
locking circuit of relay LEK{ and causing it to
release.

When the perforator cui-~in relays PIA . ..
PIC are operated, a circuit is completed for oper-
ating the associated relay PD1{ as previously de-
scribed. Further, when the contacts Ci8 and Cli
are operated, relay PCI!{ is operated and subse-
quently locked in series with the paper-advance
magnet PAM, also as previously described. How-
ever, since relay LKI! is now operated as akove
noted, a circuit is closed for relay PE{ which
extends from battery through the winding of said
relay, No. 1 contacts of relay PCEKI{, conductor
129, No. 3 contacts of relay APC to ground on
the No. 8 contacts of relay LEKI. Relay PEI,
operating over this circuit, locks over its No. 2
contacts and resistor {30 to aforesaid ground on
conductor 129. This relay serves as a “memory”
relay and will remain locked after the first line
of the entry is perforated on the tape of perfora-
tor No. 1 so that the additional line, or lines, of
the entry will be perforated in the same tape.
As will be explained later, this is accomplished
by causing the reoperation, on succeeding lines
of the entry, of the sams group of cui-in relays
which were operated as a result of the selective
operation of relays SA ... SE in the selec-
tion register S in response to the sensing of the
F digit on the first line of the message, said cir-
cuit being available, as will be explained, through
the No. 1 contacts of relay PE|.

As previously mentioned, relays B2A and B2D
were locally opsrated by relays BlA and BID,
respectively. The function of relays B2- is to
indicate whether the initial entry is a two-line
or a four-line entry, the distinetion between the
two entries being recognized, as indicated in Figs.
24C and 24D, by the fact that the B digit of the
first line of an initial two-line entry (Fig. 24C)
is “1” while the B digit for an inifial four-line
entry is “3,” the A digit of the first line for both
enfries having the value “3.” Consequently, as
soon as relay LKI{ operates during the make
period of the sensing cycle, and with relays B2A
and BZD operated in response to the sensing of
digital value “1” for the B digit of the initial two-
line entry, a circuit is completed for relay LNZ,
which circuit extends from ground on the No. 7
contacts of relay LK, No. 5 contacts of relay LK2,
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conductor 25 within bracket 28, No. 3 contacts
of relay B2B, No. 3 contacts of relay B2C, No. 2
contacts of relay BZA, No. 4 contacts of relay
B2, Wo. 4 contacts of relay B2H, conductor 23
within bracket 24, winding of relay LN?2 to bat-
tery. Relay LN2 operates and locks over its No,
2 contacts, resisiance 34, ground on the No. 7
contacts of relay LE{.

Now after the perforator No. 1 has punched
the first line of the two-line entry during the time
that the reader contacts are going through the
closed period of the sensing cyele and, thereafter,
relays RSI,"RS2 and RE3 have operated by the
circuit closure through the eleven relays of the
check circuit, the reader contacts opan and con-
tacts C7T close (see Fig. 23C) whereupon a cir-
cuit is completed for relay LK2 which may be
traced from ground on contacts C7, No. 38 con-
tacts of relay RFD, conductor 4 within bracket 5,
No. 4 contacts of relay RS2, conductor {33, No. 2
back contacts of relay LAC, No. 1 back contacts of
relay LAA, conductor {34, INo. 4 contacts of relay
L2, No. 4 contacts of relay LK/{, winding of relay
LK2 to battery. The latter relay operates and
locks over two separate circuits, the cne over
its No. 3 contacts, No. 5 contacts of relay L2, to
ground in the No. 2 contacts of relay LXK{; the
other over its No. 3 contacts, conductor 135, No.
3 back contacts of relay TR, conductor 136 with-
in brackets 9 and 5 in the order named, No. 32
contacts of relay RFD, to ground on contacts Ci.
As will be shown, relay LZ operates on the last
line of an initial eniry regardless of whether the
entry is a two-line entry or a four-line entry.
Since relay LK2 is locked to ground over a pair
of normal contacts on relay 1.2, and also to ground
on contacts Cl (which are clesed during the closed
period of the sensing cycle), it follows that reiay
LK2 (and relay LK{ which is locked through it)
will not release until the open period of the read-
er contacts is reached following the perforation
of the last line of the entry.

Relay LK2 is operated, as was noted, during
the open period of the sensing cycle. With the
operation of this relay, the operating circuit of
relay LN2 is opened at the No. 5 contacts of relay
LK2 although relay IN3 remains locked to
ground on the MNo. 7 contacis of relay LEI(. The
operating circuit of relay LIN2 is, of course, also
opened at the contacts of the relays B2A and B2D
of the B register when the latter relays release
after the perferator MNo. i has perforated the
first line of the entry. If relay L.N% had not been
locked, its operating circuit might not be avail-
able on the sensing of the second line of the en-
try inasmuch as the B digit for this line might
be any value, including the value “1.” Hence to
preserve an indication in the assembler that the
entry is a two-line entry, relay LN? is locked
so that the relays B2- may be reset in accord-
ance with any value of the B digit in the second
(and last) line of the eniry. Rslays RSI, RS2
and RS3 operate and release as before described
to advance the record to the second line of the
entry. Also, all the cperated register relays of
the assembler and the operated punch magnets
of perforator No. 1 release as already described for
the one-line entry, the magnet PAM, on releas-
ing, advancing the tape of perforator No, 1 by
one step.

On the next closed period of the sensing cycle
following advance of the central office record
tape to the second (and last) line of the entry in
response to the release of the stepping magnet

76 STP, the sensing pins sense the perforations of




2,558,476

' 31

said second line. Since the A digit is “1,” the
record thereof being a perforation in punch po-
sition (A@), and sinece this perforation is sensed
by pin FE, a circuit is completed for relay Af
which may be traced irom ground on reader con-
tacts FE, No. 10 contacts of relay TC, conductor
{37 within bracket i1{, No. 5 ccntacts of relay
RFD, conductor {38 within bracket 5 No. 4 back
contacts of relay ETP, No. 7 contacts of relay
ACH, winding of relay Al to battery. Relay Al
operates in this eircuit. Since relay LINZ is locked
as before described, a circuit is completed for
relay L2 which extends from ground on contacts
C2, No. 33 contacis of relay RFD, conductor {48
within bracket §, No. 4 contacts of relay Al, No. 1
fronf contacts of relay LNZ, winding of relay L2
to battery. The latter relay operates, locks over
its No. 3 contacts, resistor {42, No. 2 contacts
of relay LK{ to ground and periorms certain
functions which will be described in their proper
order.

The B digit of the second line has a value of
“0,” with holes in punch positicns (Ba) and (Bb)
and sensed by senging pins FB and FA, respec-
tively. Then seansing of the hole in position (Ba)
completes a previousiy described circuit for relay
BlA of the B digit register, while the sensing of
the hole in position (Bb) completes a circuit for:
relay BIB which may be traced from ground on
reader contacts FA, No. 6 countacis of relay TC,
conductor {38 within bracket {{, IMo. 1 contacts
of relay R¥FD, conductor 37 within bracket 5, {4
and i§ in the order named, winding of relay BB
to batiery. This relay operates, and, along with
relay BiA, both locally operate reiays BEA and
B2B. These two operated relays of the B register,
however, perform no function in the suppleinen-
tary iine (or lines) of an initial entry.

The C digit of the second line of the entry
has a value of “4,” with holes punched in pesi-
tions (Ch) and (Ce) and sensed by sensing pins
EA and DC, respectively. Sensing pin EA com-
pletes a circuit for relay CiB, said circuit being
traced from ground on the reader contacts EA,
No. 1 contacts of relay TC, conductor {83 with-
in bracket i, o. 6 contacts of relay RFD, con-
ductor i83 within brackets 5 and {4 in the or-
der naimned, conductor (8%, winding of relay
CIB to hattery. Sensing pin DT completes a
circuit for relay CIE, said circuit being traced
from ground on the reader contacts DC, No. 8
contacts of relay TB, conductor {78 within
bracket {f, No. 13 contacts of relay RFD, con-
ductor 179 within brackets 5 and {4 in the or-
der named, conductor {79, winding of relay
CiE to battery. Both relays CIB and CIE op-
erate in these circuits but do not perform any
Tunction,

In the given example of the second or sup-
plementary line of an initial two-line entry, the
F digit has a value of §, the latter being re-
corded in the cenfral office record tape by two
holes punched in punch positions (Fa) and (¥Fe),
respectively. These holes are sensed by the
sensing pins BB and AC, respectively, the form-
er closing a previously described circuit for re-
lay SA of the selection register S and the lat-
ter closing the following circuit for relay SC
of said register: ground on contacts AC, No. 3
contacts of relay 'TA, conductor (8% within
bracket {4, No. 28 contacts of relay RFD, con-
ductor {36 within brackets § and {{ in the or-
der named, No. 10 contacts of relay ¥DS, con-
ductor {87 within bracket 89, winding of relay
SC to battery. Relays SA and SC both operate.
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It will be recalled that for the answer and
disconnect entries the selective operation of two
out of the five relays of the selection register
S in response to the sensing of the F digit, de~
termines. the selection of the perforator to be
connected to the assembler, the reason being
that the ground applied to conductor 8§ through
relay AZ is selectively applied through the reg-
ister to complete the circuit of one of the ten
groups of perforator cut-in relays P3SA, P§B,
P8C ... P34, PSB, PSC. However, since in
the second (and last) line of an initial two-
line enfry the recorded value of the A digit is
“1” instead of “2” and, therefore, relay A2 is
normal, greund cannod ke applied to conductor
Bi and utilized through the register S for the
selective operation of the cui-relays. Instead,
and remembering that when the first line of the
entry was being sensed relay PE{ was operated
in response to the counnection of perforator No.
1 to the assembier and remained locked dur-
ing the succeeding open perisd of the sensing
cycle, a cireuit is now completed for the same
group of perforator cut-in relays that was op-
erated in response to the value of the 7 digit
for the first line of the fwo-line entry. Since
the value of the F digit is “1” for the first line
of the eniry and “8” for the second, the circuit
is, of course, campleted to the cut-in relays PiA,
PiB and PIC, to cause again the connection
of perforsior No. 1 to the assembler in order
that the second line of the entry may be per-
forated on the same tape as the first line. The
circuit is as follows: ground on contacts C8 ap-
plied to conductor 44 as previously traced there-
to,- No. 2 hack contacts of relay TST2, conduc-
tor 48§, MNo. 1 contacts of relay AL, conductor
48, No. 1 contacts of relay Af, No. 1 contacts
of relay LKZ, No. 5 contacts of relay A3, MNo. 1
contacts of relay A2, conductor (44, No. 1 back
contacts of relay PRE, No. 1 front contacts of
relay PEi, severally through the windings of
relay P{A, PIB and PIC {0 battery. These re-
lays operate and extend the reader contacts
AA . .. FE to the windings of the punch mag-
nets AAM ... FEM of the periorator MNo. 1,
serially through the windings of the several
checking relays of the A . . . F dizits checkin:
registers. The perforator magnets which are
operated in response to the rsader contacts of
those sensing pins which enter perforations now
function as before o periorate the second (snd
last) line of the two-line initial entry on the
tape individual to the perforator. Said record
tape is then advanced (zs hefore) in response
to the clear-out sighal given by the operaticn
of relays R34, RS2 and RS3.

When the reader contacts cpen ab the
of the closed period of the sensing cycle, re-
lay LKi will rsmain locked as above stated
while relays RSt, RS2 and RS3 will remain
locked to ground on contact C3. Also when, at
the end of the closed period of the sensing cy-
cle, contacts C7 clese, the circuit of relay LEZ
is completed over a previously tracsd eiveuit and
said relay operates and locks as before, except
for the fact that since relay 12 is now operated
to indicate the perforation of the second (and
last) line of the initial two-line entry, the pre-
viously traced locking path through the 1o, 1
contacts of this relay is opened, lesving relay
LEK?2 locked conly under the control of ground
on contacts C¥. When these contacts release,
relay LEK2 releases. The release of relay LE2
releases relay LK{, in turn releasing relay PEL.
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3. Initial four-line entry

An initial entry consisting of four consecu-
tive lmes as shown-in Fig. 24D is an entry which,
as previously stated, is made on the central of-
fice record tape for a call the details of which
are to be furnished to the calling subscriber
‘as part of the bill and the charge for which is
to be made in money units instead of call units
‘as for “bulk billed” calls.

‘The first line of the entry is the same as for
the first line of an initial $wo-line entry ex-
cept that the “B” digit has always the value
“3” and “C” digit (index) has the value “9.*

The second line of the entry is also of the

same order as the second line of an initial two-
line entry, the A digit thereof having the value
“1” to indicate that this line iz a supplemen-
tary line of an initial entry. The remaining
digits of the line are used to record the identity
of the calling line terminal.
" The third and fourth lines of the entry are
also supplementary lines and, of course, have
the numeral “1” for the value of their respec-
twe A digits, each of said lines recording the
information indicated in Fig. 24D and further
:disc,ussed below.

We may now assume that an initial four-line
entry is presented to the reader for analysis and
that, by way of example, it is the entry iilus-
trated by Fig. 24D.

When the first line of the entry comes into
commdence with the sensing pins and the latter
'penetrat_e the perforatmns thereof during the
closed period of the sensing cycle, then since a
hole is present in position (Ac) which is sensed by
pin FC, a prevmusly traced circuit is completed
for relay A3 which causes this relay to operate.
Also at the same time, relays BiD and BIE of
the register B are operated in response fo the
‘sensing of perforations in positions (Bd) and
(Be) by sensing pins ED and EC, respectively.
“The -circuit of relay BID was previously de-
scribed; that of relay BiE extends from ground
on reader contacts EC, No. 3 contacts of relay

TC, conductor 210 w1th1n bracket 11, No. 8 con- *

tacts of relay RFD, conductor 211 within brack-
ets ‘5, 14 and 19 in the order named, winding
of relay BIE to battery. Relays BID and BIE
-operate and locally operate B2D and B2E. Relays
ClA and CIE of the register C are operated in
response to the sensing of perforations in posi-
tions (Ca) and (Ce) by the sensing pins EB and
DC, respectively, and the circuits thereof have
been previously traced. Relays SA and SD of the
selection register S are operated in response to
the sensing of holes in positions (Fg¢) and (Fd)
of the digit F by sensing pins BB and AB, re-
spectively, and the circuits thereof have also
been previously traced.

It has been noted that relays BiD and BIE of
the B register are operated. Since relay A3 is
-also operated, ground to conductor 51 may now
be traced over the following path: ground on
contacts C8 and thence as previously traced to
conductor 46, No. 2 contacts of relay Al, No. 2
contacts of relay LK2, No. 1 contacts of relays
A3, No. 3 contacts of relay A2, conductor 145
‘within bracket 26, No. 3 contacts of relay BID,
No. 1 contacts of relay BIE, conductor 47, No. 2
contacts of relay FDS, and thence as previously
traced to the common conductor 5( .which ex-
tends to the relays of the selection register S.
Since relays SA and SD are operated in this
register, the path is completed over conductor 52
to the windings of relays P{A, PIB and PIC
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which, as previously noted, are the cut-in relays
of perforator No. 1 and which, when operated
over the above circuit, cause the connection of
this perforator to the reader contacts as previ-
ously described for the previously described en-
tries.

It will now further be noted that relays BID
and B{E have locally operated relays B2D and
E2E. It is the principal function of the relays
BZA . . . B2E to disecriminate hetween an initial
two-line entry and an initial four-line entry. For
an initial two-line entry the B digit has always

the value “1” and results in the operation of

relays B2A and BZD and the closure of g circuit
for relay LNZ, as previously described. For an
initial four-line entry the B digit has always the
value of “3” and results in the operation of relays
BZD and B28. Therefore during the sensing
cycle in which the first line of the four-line
entry is being sensed, and immediately after relay
LKI has been operated as previously described,

& cireuit is closed for relay LN4 which extends

frem ground on the No. 7 contacts of relay LK1,
No 5 contacts of relay LK2, conductor 25 w1th1n
bracket 26, No. 1 contacts of relay B2A, No. 2
contacts of relay B2B, No. 2 contacts of relay
B2D, No. 2 contacts of relay B2E, No. 1 contacts
of relay B2C, conductor 146 within bracket 24,
winding of relay LIN4 to battery. The latter relay
operates and locks over its No. 2 contacts to
operating ground on the No. 7 contacts of relay
LKI!., The cperation of relay N4 indicates to
the assembler the fact that the entry being
analyzed is an initial four-line entry. Since we
have noted that relay L2 operates on the per-
foration .of the last line of plural line initial
entry (it having been operated on the punching
of the second line of a two-line initial entry as
previcusly described), it is the general purpose
of relay LIN4 to delay the operation of relay L2
until the last or fourth line of an initial four-line
entry has been perforated on the tape of the
selected perforator.

The selected perforator No. 1 proceeds to per-
forate the first line of the initial four-~line entry
in the same manner as it proceeded to perforate
the first line of the initial twe-line entry, relays
LK! and LK?2 (among others previously noted)
remaining locked at the end of the sensing cyele

including the open period thereof. Now when the

central office record tape has been advanced to
the second line of the entry, and since the value
of the A digit of this line is “1,” a previously de=
scribed circuit is completed for relay Al, causing
said relay to operate. In a similar manner, cir-

cuits are completed ss before in response to the

sensing of the two perforations in each of the
B, C, D, E and P digit positions, causing (among
other operations) the operation of the appropri-
ate 2-out-of-5 relays in each of the registers B
and C but which relays, however, perform no
function. Moreover, since relay PEI is now
locked as a result of operations incident to the
perforation of the first line of the entry on the
record tape of perforator No. 1, the same per-
forator is now caused to be connected again to
the reader contacts to record the second line of
the entry in the next recording position of the
record tape. However, due to the fact that relay
Al is now operated as above noted, a cireuit is
cempleted for relay LA, said circuit extending
from ground on contacts C2, thence as traced
to conductor 148, No. 4 contacts of relay Al,
No. 1 back contacts of relay N2, No. 1 contacts
of relay LN4, conductor 490, No. 1 back contacts
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of relay L&D, No. 1 back contacts of relay 14B,
winding of relay L4A to battery. The latier relay
operates and, over its No. 2 contacts, locks to
ground via the No. 1 back contacts of relay LAC,
resistor 187, conductor (48, No. 2 contacts of relay
1.2, No. 2 contacts of relay LKI to ground.

The perforator proceeds in the described man-
ner to perforate the second line of the entry, but
at the time that contacts CT are closed during the
open period of the sensing cycle, a circuit is com-
pleted for relay 1.4B, said circuit extending from
ground on the contacts C1, thence as traced to
conductor &, No. 4 contacts of relay RS2, conduc-
tor £33, No. 2 back contacts of relay LAC, No. 1
front contacts of relay L4A, winding of relay L4B
to battery. The latter relay operates and then
locks over its No. 2 contacts, No. 2 back contacts
of relay L4D, resistor 189, conductor {58 to ground
over the No. 2 contacts of relay LKI. Thus re-

lays L&A and 1.8B, the first operating and lock- -

ing during the closed period of the sensing cycle
when the second line of the entry is being per-
forated and the second operating and locking dur-
ing the time that contacts CT are closed follow-
ing the closed period of the sensing cycle, pre-
serve in the assembler a “memory” of the fact
that the second line of the entry has been per-
forated on the record tape of the same perforator
on which the first line was perforated. During

the open period following the closed period of the !

sensing cycle, relays L4A and L4B remain locked,
along with relays LKI and LLK2 and others pre-
viously noted.

When the central office record tape is advanced
to the third line of the entry in the manner pre-
viously described for the two-line entry the as-
sembler operations are identical with those
taking place during the sensing and perforating
of the second line of the initial call line entry ex-
cept for the fact that since relay Al is now re-
operated (the A digit for the third line being “1”)
and relays I.8A and L4B are locked, a circuit is
completed for relay L4C, said circuit extending
from ground on contacts C2, thence as previously
traced to the No. 1 contacts of relay LN4§, con-
ductor 468, No. 1 back contacts of relay L4D, No.
1 front contacts of relay L4B, winding of relay
LAC to battery. The latter relay operates, lock-
ing over No. 1 contacts, resistor {47, conductor
148, and thence as previously traced to ground on
the No. 2 contacts of relay LKI. The operation of
relay L4C opens the locking circuit of relay L4A
which releases.

Thus during the perforation of the third line

of the entry relay L4C is operated and locked.
During the time that contacts CT are closed in
the open period of the sensing eycle a circuit is
completed for relay L4D, said circuit extending
from ground on contacts C7, thence as previously
traced to conductor 133, No. 2 front contacts of
relay L4C, winding of relay L4D to battery. The
latter relay operates, opens the locking circuit of
relay L4B which releases, and locks over its No. 2
front contacts and resistor 149 to aforetraced
ground on the No. 2 contdcts of relay LK{. Re-
lays L&C and 14D locked, preserve a “memory”
‘in the assembler of the fact that the third line of
“the initial four-line entry has been successfully
sensed and perforated on the record tape of the
perforator used for the perforation of the two
‘previous lines of the entry. The assembler pro-
ceeds to release all relays except relays LK1, LK2,
I4C, L4D and those previously noted in connec-
tion with the perforation of the two lines of an
initial two-line entry.
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It has been stated that the purpose of operat-
ing relay LN4 is fo delay the operation of relay
1.2 until the last line of an initial four-line entry
has been sensed and reproduced. Therefore when
the central office record tape is advanced one step
to the fourth line of the entry, and noting that
the value of the A digit of this line is “1,” causing
thereby the operation of relay Al as previously
described, a circuit is completed for relay L2,
which circuit extends from ground on contacts
C2, thence as traced to conductor 140, No. 4 con-
tacts of relay Al, No. 1 back contacts of relay
N2, No. 1 contacts of relay L.N4, conductor 400,
No. 1 front contacts of relay 14D, conductor 151,
winding of relay L2 to battery. Relay L2 operates
and locks as previously described to cause the
agssembler to_perform the same release functions
that have been deseribed in connection with the
operation of this relay following the sensing and
perforation of the second (and last) line of an
initial two-line entry.

It should be noted that if the first supplemen-
tary line of the entry was not properly perfo-
rated and the check relays in the various digit-
checking registers failed to operate and, there-

~ fore causing relays RS{ and RS2 not to operate,

40

relay L4B would not operate, the counting of the
lines would be stopped and the stepping of the
reader and perforator would be prevented. Un-
der these circumstances a suitable alarm will be
operated, as will be shown.

Having disposed of the three entries which are
made on the central office record tape during the
set-up of connections, at the beginning of con-
versation and at the end of conversation, we will
now describe the operation of the assembler with
respect to a number of auxiliary entries made on
the cenftral office record tape and having to do
with the computation of charges, the identity of
certain pieces of equipment used in setting up
connections, the identification of certain trouble
conditions, and the tie-in of the tape records
produced by the several perforators. -

It should be realized that the ultimate purpose
of the records produced by the perforators of the
assembler is to use them in operating certain tab-
ulating, computing and accounting devices, by

. which the latier are enabled to collect all charges,
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correlate them with the numbers of the calling
stations from which the calls were made and
compute the total charges for such stations over
a defined billing period.

4. Regular hour eniry “3810XX”

As stated in Section I, hour entries are placed
in the central office record tape regularly at the
beginning of each hour, the entry code thereof
(A, B, C and D digits) being “3810” followed by
the designation of the hour in the E and P digit
positions in terms of two digits, the E digit repre-
senting the tens digit of the hour (either a “0”
or “1” or “2”) and the F digit representing the
units digit of the hour (¢ to 9). By way of ex-
ample, the beginning of the hour count will start
with noon which is designated as “00” and end
with “23” in the twenty-fourth hour thereafter.
An illustration of the hour entry which is made
upon. the central office record tape évery hour is
shown in Fig. 24E wherein the hour entry is
shown to be “23.” S

It is necessary to distinguish here between the
regular hour entry periodically made on the cén-
tral office tape record at the beginning of each
hour and the hour entry which is made along
with other entries as part of the “end-of-tape”
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entries which are shown in Fig. 25, wherein it
will be noted that the “control digits” for the
hour entry (ABCD) are “3811.”

The entry number “3810” indicates to the as-
sembler that the single line eatry is a regular
hour entry which is to be perforated on the record
tapes of all perforators 0 ... 9 before the
reader can be stepped to advance the centl al of-
fice record tape to the next line of perforations.

‘When the central office record tape is advanced i

to where the perforations of a regular hour en-
try are underneath the sensing pins, and since
the codes .of the digits 381 are punched in the
A, B and C digit positions, respectively, relay A3
W111 be operated (for the A digit “3”) overa previ-
ously described circuit. The value of the B digit
is “8,” is recorded by perforations in positions
(Be) and (Be), the latter being sensed by sensing
pins EE and EC, respectively, and the latter, in
turn, causing the operation of relays BIC and
BIE, respectively. The circuit of relay BIE has
been previously traced. That of relay BIC ex-
tends from ground on reader contacts EE, No. 5
contacts of relay TC, conductor 2{2 within
bracket (1, No. 10 contacts of relay RFD, con-
ductor 213 within brackets 5 and 14 and 19 in
the order named, winding of relay BIC to bat-
tery. Relays BIE and BIC operate and locally
operate relays B2E and B2C, respectively.

The value of the C digit is “1,” is recorded by
perforations in position (Ca) and (Cd), the lat-
ter being sensed by sensing pins EB and DD, re-
spectively, and causing the operation of relays
ClA and CID over previously traced circuits,

The value of the D digit is “0,” is represented by
perforations in punch positions (Da) and (Dd)
which are sensed by sensing pins DB and DA,
respectively. It will now be assumed that, ac-
cording to Fig. 24E, the hour is the twentJ—
fourth hour (indicated as 23) and that, accord-
ingly, the E digit will have perforations in punch
positions (Eb) and (Ed) for the digit 2 and the
F digit will have pelforatlons in positions Fg)
and (Fe) for the digit The latter are sensed
by sensing pins AB and AA respectively, and will
cause the operation of relays SD and SE, the
former relay over a circuit previously traced and
the latter relay over a circuit which may be
traced from zround on reader contacts AA, No. 1
contacts of relay 'TA, conductor 2{4 within bracket
11, No. 26 contacts of relay RFD, conductor 215
W1Lh1n brackets 5 and 14 in the order named, No.
8 contacts of relay FDS, conductor 216 w1th1n
bracket 39, winding of relay SE to battery. Al-
though relays SD and SE operate, it will be shown
that they do not perform their normal function
of causing the selection of perforator No. 3 inas-
much as the hour entries are to be perforated in
the record tapes of all perforators and, there-
fore, requiring the connection of all perforatms
to the assembler.

With relays A3 operated for the A digit, relays
BIC and BIE operated for the B digit and relays
CiA and CID operated for C digit, a path is
completed from ground on contacts C8, thence as
traced to conductor 46, No. 2 contacts of relay
Al, No. 2 contacts of relay LK2, No. 1 contacts
of relay A3, No. 3 contacts of relay A2, conductor
145 within bracket 28, No. 4 contacts of relay
BIA, No. 4 contacts of relay BiB, No. 4 contacts
of relay BIC, No. 4 contacts of relay BID, No. 3
contacts of relay BIE, conductor 401, No. 4 con-
tacts of relay CIA, No. 6 contacts of relay CiB,
No. 6 contacts of relay CIC, No. 6 contacts of
relay CID, No. 5 contacts of relay CIE, No. 8
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contacts of relay CID, No. 5 contacts of relay
ClA, conductor 152, conductor (5%’, brush AP3
and normal terminal N of the all-perforators
selector AP, conductor 153, No. 3 contacts of re-
lay TRS, conductor 154, winding of relay APA to
battery. Relay APA operates.

Before describing operations consequent to the
operations of relay APA, it will be well to recall
briefly at this point that the selection of a par-
ticular perforator in response to the value of the
F digit for an answer and disconnect entry, or
an initial two-line entry or an initial four-line
entry, follows from the application of ground to
conductor 51, either from ground on conductor
41 to which it is applied by the operation of relay
A2 when the A digit of the entry is “2” and in-
dependently of the setting of the B register, or
from ground on conductor 145 by the operation
of relay A3 when the A digit of the entry is “3”
but under the control of the B register for all
settings thereof except the digit “8.” When,
however, the B register is set for this latter digit
(relays BlC and BIE operated) the ground on
conductor (45 is not applied to conductor 51 but,
as traced immediately above, is appled to con-
ductor 40f. If, now, the setting of the C register
is for the digit “1” (as it is for the regular hour
entry) then it is further applied as traced be-
yond conduetor 481 to cause the operation of re-
lay APA. In causing the circuit of this relay to
traverse the brush AP2 and the normal terminal
N of its are, a check is made to insure that the
all-perforators selector AP is normal. If this
selector is not normal, further operations will be

suspended and an a]arm given, as will be de-
seribed.

Relay APA operates, locks over its No. 3 con-
tacts, No. 2 normal contacts of relay APC, No. 3
contacts of relay LE I (which is operated as previ-
ously desecribed for any of the previous entries for
which the control digit A has the value 3) to
afore-traced ground on conductor 29, applied
thereto by contacts CT during the open period of
the sensing cycle, and completes a path for tre
stepping magnet APM of selector AP which ex-
tends from ground on the No. 5 contacts of relay
AFB, No. 1 contacts of relay APA, conductor 155,
‘13fmal brush AFi and normal terminal N, wind-
ing of stepping magnet APM to buttely The
magnet operates and conditions the wipers AP/

. AP# of the selector AP to advance to their
respective next terminals on the release of the
magnet.

Relay APA was operated at the beginning of
the closed period cf the sensing cycle, at which
time the switch magnet AP is operated as just
described. No perforating operations cceur dur-
ing this sensing cycle inasmuch as no perforator
is yet connected to the assembler. During the
open period of the sensing cycle and with relay
APA operated, a circuit is completed for relay
APB which extends from ground on contacts C1,
thence as traced to conductor 4, No. 2 contacts of
relay APA, winding of relay APB to battery. The
latter relay operates, locks over its No. 3 contact,
Ne. 5 contacts of relay 1.2, to ground on the No. 2
contacts of relay LKI, and opens the circuit of
the selector magnet APM causing the release
thereof and the advance of the selector brushes
APl . . . AP4 to their respective first terminals
0. Also when relay APB operates, a path is com-
pleted for relay APC which extends from ground
on the No. 1 contacts of relay ACS, No. 1 contacis
of relay L2, No. 4 contacts of relay APA, No. 4
contacts of relay APB, winding of relay APC to
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battery. The latter relay operates, locks over its
No. 2 front contacts, No. 1 contacts of relay L2
to afore-traced ground on the No. 1 contacts of
relay ACE, and opens the path of relays PE~- none
of which is to operate on the regular hour enfry
since the latter, being a single line entry which is
to be perforated in the record tapes of all the
perforators 6 . . . 8, no “memory” need be pre-
served as to which perforator was selected, as was
the case in response to the sensing of the first line
- of an initial two-line or initial four-line entry.
The operation of relay APC opens the locking cir-
cuit of relay APA which releases, however, only
after the termination of the clcsed period of the
sensing cycle, at which time contacts C§ break
and thereby open its operating circuit.

It will be recalled that the perforation in the
punch position (Ac) on the central office record
tape is sensed by pin FC, and that during the first
sensing cycle of the regular hour entry the ground
on the reader contacts FC will complete the cir-
cuit of relay A3 the path of which, as previously
traced, traverses the No. 1 contacts of relay APB.
Now when, during the second sensing cycle (that
is, the sensing cycle following the operation of
relay APB), the pin FC again enters the perfora-
tion in position (ac), and due to the fact that
relay APB is now operated and locked, the path
previously completed to the winding of relay A3
is now completed to the winding of relay A3A,
said path extending from ground on contacts FC
to the No. 4 contacts of relay ACO as previously
traced thereto, No. 2 contacts of relay APR, con-
ductor 156, winding of relay A3A to battery. Re-
lay A3SA operates and among ifs other functions
completes a circuit for relay SS3, which circuit
extends from ground on contacts C2 and thence
as traced to conductor {49, No. 2 centacts of relay
A3A, winding of relay S33 to battery. The latter
relay operates and locks to ground over its No. 1
contacts, No. 2 contacts of relay SSi, cenductor
162, No. 3 contacts of relay TRE, conductor {53
to ground on the No. 8 contacts of relay LK.
Relay 538 now completes a circuit for the magnet
APM of selector AP which extends from ground
on the No. 2 front contacts of relay SS3, No. 0
terminal and brush APi, winding of magnet APM
to battery. The magnet operates and conditions
the wipers AP{ . . . AP§ tc advance to their re-
spective No. 1 terminals on the release of the
magnet, which occurs on the release of relay SS3
when unlocked by the opening of contacts C2 at
the end of the closed period of the sensing cycle.

With relay A3A operated, a path is further
completed from ground on contacts C38 and thence
as traced to conductor 43, No. 2 contacts of relay
Al, conductor {57, No. 1 contacts of relay A3A,
No. 4 contacts of relay SSi, brush AP4 and No. 0
terminal engaged thereby, conductor [88 within
bracket (58, windings of relays PSA, P§B and
POC to battery. These latter relays operate and
since they are the cut-in relays for perforator
No. 0, the punch magnets of the latter are ex-
tended to the reader contacts, whereupon the
hour entry is caused to be perforated on the reccrd
tape of perforator No. 0 in the same manner as
the lines of the previously described entries were
caused to be periorated on the record tape of
perfcrator No. 1.’

In this case, however, when the eleven check
relays of the digit-checking registers in series with
the perforator magnets are operated, and because
relay APC is now operated, relays SSi and SS2
will be operated instead of relays RSI and RS2.
It will be recalled in connection with the perfora-
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tion of the previously described entries that ré-
lay PD-— was operated over conductor 108 from
ground on contacts C4. Now when, on the reg-
ular hour entry, relay PD8 operates over the
same path and relay PCKO is locked in series with
the paper advance magnet PAM of perforator 0,
the checking conducfor i8f which has ground
applied to it from the contacts of relay CKAA,
is now extended over the No. 2 contacts of relay
PD§, No. 3 contacts of relay PCKO0, No. 6 con~
tacts of relays PDf . . . PD3, conductor {02, No.
4 front contacts of relay APC, conductor 161,
windings of relays SS{ and SS2 to battery. These
latter relays operate and lock (over the No. 3
contacts of relay SSi) to ground from contacts
C3 applied to conductor 104 as previously traced
thereto.

When the sensing cycle reaches its open period,
ground will be disconnected from contacts C2,
causing thereby the release of relay SS8 and the
release of the selector magnet APM which, in
turn, advances the brushes APl . . . AP4 of selec-
tor AP to their respective No. 1 terminals. How-
ever, due to the fact that relay RS1 has not been
operated, ground will be maintained on conductor
117 which, as previously fraced, extends to the
winding of the reader stepping magnet STP, -
holding this magnet operated and preventing the
reader from advancing the central office record
‘tape. In other words, the record tape is held
to the regular hour entry position with the sens-
ing pings repeatedly sensing this entry during suc-
ceeding sensing cycles. At the end of the second
cycle all relays held to the reader contacts or to
the common contacts release. 'The relays held
to relay LK{, however, will be maintained op-
erated as before, including in this case relays
APB and APC,

On the succeeding sensing cycle of the reader,
and due to the fact that relay APB is locked,
relay ASA again operates, and since the brushes
of switch AP are now engaging their respective
No. 1 terminals, the perforator cut-in relays
P1A, PiB and PIC of perforator No. 1 will be
operated over the same circuit by which relays
PiA, POB and P6C were operated, except that a
single point in the path of the circuit on the
terminal of the arc engageable by brush APA is
now traced over the No. 1 terminal of this are
instead of the No. 0 terminal. Perforator No. 1
will now operate to perforate on its record tape
the same hour entry which was perforated on the
record tape of perforator No. 0. When the digit-
checking relays operate to operate relays SSi
and SS2, the latter will cause the switch magnet
APM to release and advance the brushes API . . .
AP4 to their respective No. 2 terminals. These
operations will econtinue in the manner described
until the hour record has been perforated on the
record tapes of all ten perforators.

On the sensing cycle when the reader con-
tacts are closed to put the hour record on the
record tape of perforator No. 9 and the cut-in
relays P8A . . . PSC are operated as described,
the operation of the eleven digit-checking relays
will now complete a circuit for relays RSI and
RS2 instead of relays SSI and SS2. The path
of this circuit is as follows: ground on the check-
ing conductor 101 as previously traced thereto,
No. 3 contacts of relays PD9 ... PD$8, No. 2
contacts of relay PD9, No. 3 contacts of relay
PCKS, conductor 402, No. 1 back contacts of relay
TR3, conductor 103, windings of relay RS{ and
RS2 to battery. The operation of relay RS2
disconnects ground from conductor [i7 which,
it will be recalled, held operated the stepping
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magnet STP of the reader so that the central
office record tape would be prevented from step-
ping to the first line of the next entry until all
the sensing cycles required to perforate the hour
entry on the record tapes of all ten perforators
will have been executed. The disconnection of
ground from conductor 11T opens one circuit
that keeps the stepping magnet operated, the
other circuit being opened when, during the open
period of the last sensing cycle, contacts C8 open
as previously described.

When the brushes of switch AP engage their
respective No. 9 terminals for putting the hour
entry on the record tape of perforator No. 9,
a circuit is further completed for relay L2, said
circuit tracing from ground on the No. 2 con-
tacts of relay LKI, conductor 150, No. 3 con-
tacts of relay A3A, No. 9 terminal and brush
AP2, conductor 164, No. 1 contacts of relay APC,
winding of relay L2 to hattery. With relay L2
operated, relays LKI, APB and APC will release
when the reader contacts break, and the circuit
will then be in a position to operate on the first
line of the next entry.

5. District charge trouble “385400”

There are three other single line entries be-
sides the regular hour entry. Of these, the first
is placed on the central office record and re-
produced on the record tapes of all perforators
in the same manner as the hour entry; the second
is also placed on the central office record but is
cancelled by the assembler, while the third is
placed on the record tapes of all ten perforators
by the circuits of the assembler.
three entries are illustrated in Figs. 24P and 24G
and all have “38” for the A and B digits, respec-
tively; 5 and 7 for the C digit, respectively; 4 and
0 for the I» gigit, respectively, and 0 and 0 for the
E and ¥ digits, respectively. Since the value of
the B digit for all the above entries is “8” the
ground previously traced to conductor 151 ex-
tending through the relays BiA . . . BIE of the
B register when the latter relays are set for the
value “8” will be extended to the relays CiA . . .
CIE of the C register. The contacts of the latter
relays, however, are so wired that when the relays
are selectively operated for each of the values 1,
2, 3,5, 7,8 or 9, the ground on conductor 40{

is extended to conductor 152 which, as previously

described, controls the operation of the assembler
for the perforation of the hour entry on the
record tapes of all perforators. Tt is evident,
therefore, that for the single line entries shown in
Figs. 24F and 24G, the operation of the circuit
will be the same as for the hour entry.

However, each of these entries tells a separate
story and with respect to each of them g review
of their significance will help to clarify the op-
eration of the assembler with respect to entries
which immediately precede the special entry and
with respect to the disposition of said entries.

As stated in Section I, the special entry “385400”
(Fig. 24¥) is placed on the central cffice record
tape after an initial entry, to record the fact that
the call was not established because of a “charge”
trouble condition in the trunk, and that the ob-
ject of the special entry is to serve as a signal
to the computing devices to disregard any answer
and disconnect entries preceding the special en-
try, and ignore the initial entry following the
special entry. On first district sort and on sensing
the special entry “385460,” it is the purpocse of
the assembler to reproduce this entry on each of
the ten perforator fapes in the same manner as
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the regular hour entry and then to reproduce the
initial entry following it on the tape of the one
perforator which is indicated by the value of the
P digit in the first line of the initial entry.

6. Initial entry cancel record “387000”

As stated in Section I, the central office ap-
paratus is so arranged that when an initial entry
is being perforated in the central office record
tape and the apparatus is found to be in trouble
in that, for some reason, a complete initial entry
is not “perfectly” recorded, the apparatus may
permit the call to be completed but will not ar-
range the district junctor to charge for the call
and, therefore, will not cause said junctor to
enter answer and disconnect entries for this call
on the central office tape record. When the cen-
tral office equipment is thus permitted to com-
plete the call under the condition stated and no
charge is to he made for the call, the central office
apparatus will cause the cancel entry “387000” to
be recorded on the central office record tape im-
mediately after the mutilated or “imperfect” ini-
tial entry (as shown in Fig. 24G) so that, when
the assembler reads the cancel entry “387000” an
alarm will be given, further reading operations
will be suspended and the reader will be caused
to be stepped under manual control to skip the
lines of the incomplete initial entry without the
latter being recorded on any of the record tapes
of the ten perforators, or the assembler will be
caused to proceed automatically to skip the lines
of the entry. It all depends on the condition of
key CEK (Fig. 9). If the key is operated, the
reader will be stepped automatically to skip the
lines of the entry. If the key is not operated, the
reader may then be stepped manually under the
control of key RSTP (Fig. 13).

Consequently when the reader has-advanced
the central office record tape to the position in
which the perforations of the entry “387000” are
underneath the sensing pins AA . . . FE and the
latter sense the perforations of the entry, the
assembler will operate in the same manner as
previously described in response to the sensing of
the regular hour entry up to the application of
ground to conductor 151. Since the C digit now
has the value “7,” relays CiB and .CIC of the C
register will be operated over previously described
circuits. Ground on conductor 401 is then ex-
tended over the No. 3 contacts of relay ClA, No.
5 contacts of relay CiB, No. 7 contacts of relay
CiC, No. 7 contacts of relay CID, No. 5 contacts
of relay CIE, No. 8 contacts of relay CIB, No. 9
contacts of relay CIC, conductor 166, winding of
relay CEI, to battery. This relay operates, opens
the operating cireuit of relay LKI and completes
the circuit of relay CE2, said latter circuit ex-
tending from ground on the No. 1 contacts of
relay ACS, No. 1 contacts of relay L2, conductor
22, conductor 23’, Mo. 2 contacts of relay CEI,
winding of relay CE2 to battery. 'The latter relay
operates, locks over its No. 2 contacts and resistor
167 to the afore-traced ground on conductor 33’
and completes an obvious circuit for lamp CEL
whish lights to indicate that the assembler is
sensing the cancel entry code “387000.” Further
operations are now blocked because the circuit of
relays RSI and RS2 cannot be completed over
the previously traced path including the check
conductor 181 since no relay PD- has been op-
erated. Under the circumstances and since the
reader stepping magnet STP is held (via conduc-
tor {17) to ground on the No. 4 back contacts of
relay RSI, the central office record tape will be
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held at the cancel entry with the sensing pins of
the reader repeatedly sensing this entry.

If it is now desired to advance the central office
record fape one line at a time, then with key
CEK normal an attendant operates the reader
step key RSTP (Fig. 13). When the sensing cycle
is going through its closed peried and contacts
C2 are closed, a circuit is completed for relay
SR1i which extends from ground on said contacts
as traced to conductor (48, upper contacts of
key RSTP, No. 1 contacts of relay SR2, winding
of relay SRI, to battery. Relay SR operates
and locks in seriess with the winding of relay
SRZ, its own Ne. 1 contacts, to ground on the
lower contacts of key RSTP, relay SR2 remain-
ing shunted the meanwhile by operating ground
applied to one side of ifs winding and ground on
the contacts of the key applied to the other.
Relay SR! now completes a circuit for relays
RSI and RS2 extending from ground cn the No. 2
contacts of relay SR2, No. 2 contacts of relay
SR, conductor 103 and thence as traced to the
windings of relays RS{ and RS2. Roth of these
relays operate, the former opening its No. 4 con-
tacts ‘to remove ground from conductor i17
which is one of the two grounds that hold the
reader stepping magnet STP operated. Said
magnet releases at the end of the make period
of the sensing cycle when contacts C8 cpen and
remove the other of said two grounds. The cen-
tral office record tape is thus advanced to the
first line of the initial entry to be cancelled. At
the end of the make pericd of the sensing eycle,
contacts C2 open and remove the shunting
ground from the winding of relay SR2 causing
the latter to operate in series with relay. SR
and open the circuit of relays RSi and RS2.
The release of relay RS2 reapplies ground to con-
ductor 1{7 thereby reoperating the stepping
magnet STP to position the reader to advance ¢
the releasé of the magnet. In the meanwhile
relays SRi and SR2 remain locked under the
control of kéy RSTP which the attendant holds
in'an operated position. When the key is re-
leased, the relays will release. The key RSTP
may now be reoperated, and by a repetition of
the circuit operations above described the central
office record tape will be caused to advance one
step to the next line of the entry, the operation
being repeated until the reader sensing pins
AA ... FE are brought into coincidence with
the perforations of the next entry, whatever it
may be.

The attendant may satisfy himself that the
lines of the initial entry to be cancelled which
follow the entry “387060” are actually being

" skipped, which is what the cancellation amounts

to since the lines are being passed by without
reperforation on the record tapes of any of the
perforators. He may do this by operating key
RLP (Fig. 1) which completes a circuit for relays
RCED, RCKE and RCKF, said circuit extending
from ground on the No. 2 front contacts of key
¥D, upper contacts of key RLP, conductor 483,
windings of relays RCKD, RCKE and RCKF, to
battery. -These relays operate and extend the
reader contacts to the lamps LAA ... LFRE
which, over obvieus circuits selectively completed
by the reader contacts of the sensing pins which
pass through the perforations of a line of the
entry to be cancelled, will light to indicate which
pins have penetrated perforations.

If the key CEK is operated the assembler will
step by the lines of the initial entry which follow
the cancel entry “387000.” With relays CEl and
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CE2 operated as before described, a circuit is
closed for relays RSI and RS2 extending from
ground on the contacts of the key, No. 3 contacts
cf relay CEL, conductor 183 and thence as traced
to the windings of relays RSt and RS2. The
latter relays operate and function as previously
described to advance the reader to the next line
of perforations.

The next line (of the entry to be cancelled)
should be the first line of either an initial two-
line entry or an initia] four-line entry. Relays
A% and LK will operate in the normal manner,
relay CEI is released after the reader has stepped
past the “387000” entry while relay CE2 re-
mains locked. On the first line of the entry
to be cancelled, relays BiA . .. BIE of the B
register will be set for whatever may be the
value of the Bdigit (other than8) and the ground
previously traced to conductor 48 within bracket
49 now completes the civcuit of relays RS1and RS2
over the No. 4 front contacts of relay CEZ, No. 2
back contacts of relay CES, conductor 103 and
thence as traced to the windings of relays RSI
and RS2. The operation of these relays causes
the reader to be stepped past the first line of
the initial entry. .Of course, during the time that
the first line of this entry is being read, relay
N2 or LN4 will be operated depending upon
whether the first line of the initial entry to be
cancelled is an initial two or four-line entry,
respectively. Also, relay LK2 will be operated
during the open period of the sensing cycle, all
as previously described. :

When the first supplementary line of the
initial entry is read, then since the value of the
A digit thereof is “I,” relay A{ will be operated
over a previously described circuit, and the said
relay will then complete a circuit to operate
relay CE32, said circuit tracing from ground on
contacts C$ as previously traced to the No. 1
contacts of relay Al, No. 1 contacts of relay
LE2, No. 5 contacts of relay A3, No. 1 contacts
of relay A2, conductor i44’, No. 3 contacts of
relay CE2, winding of relay CE3 to battery.
The latter relay operates and closes an obvious
cireuit for relay CE# which operates and locks
over its No. 1 contacts, resistor 168, to ground on
the No. 1 contacts of relay CE2. With relay CE4
operated, the circuit path of relays RSI and RS?
is now closed over conductor 103, No. 2 front
contacts of relay CE4, to ground on the No. 2
contact of relay CE3. Relays RSi and RS2 now
function inh the manner described to step the

s reader past the first supplementary line of the

initial entry. Also, with relay Al operated dur-
ing the sensing of the first supplementary line,
a previously described path will be closed for
relay LN2Z (if the entry is a two-line initial entry)
to count the number of lines in the initial entry.
If the initial entry is a two-line entry relay L2
will be operated in the manner described when
the second line of said entry is being sensed and
the circuits will be released at the end of the
sensing of the first supplementary line. How-
ever, if the initial entry is a four-line entry,
relay LN# will have been operated and relay Af
will cause the operation of relay L4A in the
manner described. Relay CE3 will operate as
described in the second and third supplementary
lines, and in each case relays RS{ and RS2 will
ne operated to step the reader past the supple-
mentary lines. When the last line of the entry
is resched, relay L2 will be operated as described
to release the circuits and cause the central office
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record tape to be advanced to the- first line of
the next entry.

7. Cancel charge entry “389000”

The cancel entry code “387000” above dis-
cussed is a code which is entered on the central
office record tape when the initial entry previ-
ously entered is recognized by the central office
equipment as imperfect or, for any other reason,
is to be cancelled. It may also happen, how-
ever, that while the initial entry is perfect in
every respect and is so recognized by the central
office apparatus, said entry may subseguently
become so blurred or mutilated that it cannot
be read by the sensing pins of the reader. Under
these circumstances and when the sensing pins
of the reader endeavor to sense the first line of
an initial entry and the sensing does not resul;
in the operation of the eléven (11) check relays,
the assembler is operated to perforate the entry
“389000” in each of the perforator tapes as a
signal to the accounting equipment to cancel the
two answer and disconnect entries previously
recorded. In this manner, a call the initial entry
for which has become unreadable by the

assembler will not be charged to the subscriber .

who made the call.

When the operation of the assembler has
proceeded to the point where the sensing pins
AA . . . FE are sensing the first line of an
initial entry and the appropriate number of
check relays in the digit-checking registers fail
to respond, an alarm will be given (as will be
described) and the circuit will stop. The attend-
ant then operates key RLP; relays RCKD . . .
RCKF are operated in consequence thereof
as before described and certain of the lamps
LAA . .. LFE are lighted to indicate which of
the pins have successfully penetrated the various
digit perforations and which have not. If two
lamps are not lighted for each of the digits
B ... F, or if a lamp is not lighted for the A
digit the attendant knows that one or more of
the sensing pins have failed to enter the perfora-
tions, that the initial entry is mutilated and that
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the code “389000” is to be perforated on each

of the perforator tapes.
. The attendant then operates key RLS (Fig. 6)
and key ERLS which restore the eircuit to nor-
mal by unlocking relays STI, ST2 and ACO; and
releasing relays TA, TB and 'TC. He then opser-
ates the locking key TBL—REC (Fig. 16), where-
upon g circuit is closed for relay TR extending
from ground on the No. 2 back contacts of relay
ST2, conductor 216 within bracket 7, upper con-
tacts of key TBL—REC, winding of relay TR
to battery. The latter relay operates, locks over
its No. 3 contacts to sround on the lower con-
tacts of key TBL—REC, and completes an obvi-
ous circuit for relay TR2 which, on operating.
completes an- obvious circuit for relay TR3
which, on operating and over its No. 2 contacts
extends ground from contacts, C18, No. 30 con-
tacts of relay RFD, conductor {12 within bracket
8 to the winding of relay TR4. The function of
relay TRA is to increase the time between the
opening of the circuits to the perforater punch
magnets by the release time of relays P- and
the opening of the circuit to the perforator step
magnet. The object in opening the circuit of
relays TA, TB and TC is to prevent the reader
contacts from being effective during this opera-
tion. The attendant then operates key ST to
start the circuit and thereby cause the reopera-
tion of relays ST, ST2 and ACO in the described
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manner. Relays TA; TB-and TC remain normal,
however, since their circuit is controlled over
the contacts of relay TRI.

It will be noted that relay TR2 is provided
with twelve (12) pairs of contacts of which the
twelfth pair is utilized for the circuit of relay
TR3 as above described. The stationary springs
of contact pairs | to 10, inclusive, are extended
by the conductors within bracket 173 to certain
of the conductors within bracket 58 which con-
nect to the two checking relays in each of the
digit-checking registers B . . . F which indicate,
respectively, the digits “89000.” Thus the sta-
tionary spring of the No. 1 contacts is connected
to the winding of check relay BC’: that of the
No. 2 contacts to the winding of relay BE’; that
of the No. 3 contacts to the winding of relay
CA’; that of the No. 4 contacts to the winding
of relay CE’; that of the No. 5 contacts to the
winding of relay DA’; that of the No. 6 contacts
to the winding of relay DB’; that of the No. 7
contacts to the winding of relay EA’; that of the
No. 8 contacts to the winding of relay EB’: that
of the No. 8 contacts to the winding of relay
FA’; and that of the No. 10 contacts to the wind-
ing of relay FB’. The stationary spring of the
No. 11 contacts extends to the winding of check
relay CKAC of the A digit check register which
indicates the A digit “3,” said latter path ex-
tending from the No. 11 contacts of relay TR2,
conductor {6 within bracket 9, conductor 16’
to the winding of relay CKAC. Inasmuch as
each of the digit-checking relays is in series
with the winding of a correlated punch magnet
in each of the perforators when one of the lat-
ter is connected to the assembler by the
operation of its own set of cut-in relays
PXA ... PXC, it follows that the operation of
relay TR2 completes partial paths over the in-
dicated check relays to operate the correspond-
ing punch magnets of a perforator to punch the
code “389000” when said perforator is connected
to  the assembler.

Also, when relay TR3 is operated a circuit is
completed for relay A3, said circuit extending
from ground on contacts Cl as previously traced
to conductor 136 within bracket 9 (on the first
closed period of the sensing cycle after relay
ACO has been reoperated), Nos. 3 and 4 front
contacts: of relay TR3, conductor (5 within
bracket T, No. 2 contacts of relay ETP; No. 4
contacts of relay ACO, No. 1 contacts of relay
APB, winding of relay A3 to battery.

The circuit is now ready to cause the perfor-
ation of the entry “389000” on the tapes of each
of the perforators. Relay TR2, the stationary
spring of whose Nos. 1 and 2 contacts are con-
nected as above described to the winding of the
check relays BC’ and BE’, are also multipled
to the windings of relays BC and BE of the B
digit register. Also, the stationary springs of
the Nos. 3 and 4 contacts of relay TR2 which
are connected as described to the windings of
check relays CA’ and CE’ are also connected to
the windings of relays CIA and CIE of the C
digit register. Consequently when relay TR2
operates, obvious circuits are completed to re-
lays BC, BE, ClA and CIE, the former two, on
operating, locally operating relays B2C and
B2E. Since relay A3 is operated, the ground on
conductor (45 is extended to conductor 401 and
thence to conductor 152 via the No. 4 contacts
of relay CIA, No. 6 contacts of relay CIB, No. 6
contacts of relay CIC, No. 5 contacts of relay
CiD, No. 4 contacts of relay CIE, No. 6 contacts
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of relay CIE, No. 6 contacts of relay CIA to con-
ductor 152. The latter conductor completes a
previously described circuit for relay APA and
the latter, in operating, causes the assembler to
function as previously described for the perfo-
ration of the regular hour entry; meaning there-
by that the perforators 0 . . . 8 are successively
connected to the assembler. Since relay TR2
is operated, the operation of the cut-in relays
POA, POB, POC . . . P9A, PIB, PIC, in succes-
sion will complete in succession the previously
described partial circuits to the punch magnets
of the successively connected perforators, where-
by the entry “389000” is caused to be perforated
on the tapes of said perforators.

When all the perforators have operated to
put the code on their respective tapes and due
to the fact that relay TR3 is now operated, the
checking ground on conductor 181 and previously
traced to conductor 402 will now complete a
circuit over the No. 1 front contacts of relay TR3,
winding of relay TRS5 to battery. This relay
operates, locks over its No. 1 contacts to ground
on the lower contacts of key TBL—REC, and
completes an obvious circuit for relay TR6. The
latter on operating closes the circuit of lamp
TRL which lights to indicate that the code
“389000” has been entered in the tapes of all
~ perforators, and opens the operating path of
relay APA to prevent a repetition of the de-
seribed operation. The reader, however, is still
held with the sensing pins repeatedly sensing
the perforations of the. first line of the inifial
entry to be cancelled since relay RS1, not hav-
ing been operated, maintains ground on con-
ductor it7 and holds the step magnet STP oper-
ated.

The attendant will now restore the circuit to
normal by releasing key TBL—REC which
causes the release of all relays locked thereto,
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and by releasing the keys RLS and ERLS which

restore the rest of the circuit, including relay
ACO which, holding to ground on contacts C8§,
releases after the closed period of a sensing
cycle.

The attendant will now operate the reader
step key RSC (Fig. 1) which, by opening its
contacts, opens the circuit of the step magnet
STP and causes the central office record tape
to be advanced one line. By successive opera-
tions the record can be advanced over each
line of the entry to be cancelled, the attendant
checking each line by operating key RLP and
observing which digit check-lamps LAA . . . LFE
are lishted. When the record is advanced to
the first line of the next enfry, further opera-
tions are stopped, the aftendant will operate
the start key ST and the circuit will then re-
sume its normal sensing operations.

It may be stated that if an imperfect answer
or disconnect entry is encountered by the reader,
the assembler will stop as above described and
the attendant, after checking that the stopping
is due to an imperfect answer or disconnect entry,
restores the circuit to normal and, by operating
key RSC, causes the reader to skip the defective
line without the reproduction of the latter upon
any perforator tape. The absence of the line from
a perforator tape will be a sufficient signal to the
computing equipment not to charge for the call.

8. Splice code “180303”

We will now describe the operation of the as-
sembler with respect to a group of five entries
known as the “end-of-tape entries,” with respect
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to the “splice pattern entries” and with respect
to a “skip splice” entry. As noted in Section I,
these entries, in a particular pattern, are per-
forated on the central office record tape when-
ever a section of it is to be severed from the tape
roll and are the groups of entries actually first
sensed by the sensing pins of the reader when the
section of the record tape is applied to the reader.
It will be recalled that the description of the op-
eration of the assembler when sensing these en-
tries was to be postponed until its operation with
other entries had first been described.

Fig. 25 illustrates the particular pattern of the
five end-of-tape entries and the splice pattern
entries as both are perforated in the central of-
fice record tape, while Fig. 26 illustrates (between
the two words “cut”) a section of the central
office record tape, the entries within the brackets
designated A and B being the three groups of en-
tries which are placed on the tape by the central
office equipment whenever a section of the tape
is to be severed from the tape roll. )

It will also be recalled from Section I that the
central office record tape is sensed in reverse
order by the assembler. That is, the entries are -

recorded in one direction by the central office

equipment and sensed in the opposite direction
by the assembler, as shown in Fig. 26. From
which it follows that the first entries encountered
by the sensing pins of the assembler will be the
slice pattern entries made up of the code
“180303” followed by the marker group entry, ete.

In what follows, the operation of the assembler
will be described in the order in which its opera-
tions take place, assuming that the section of
the central office record tape indicated in Fig.
26 between the two words “cut” is applied to the
reader sensing pins with a line of the splice pat-
tern below the “cut” across the splice pattern
within bracket A coming first under the sensing
pins.

Also as previously mentioned in Section I, be-
fore beginning the analysis of a central office
record tape, it is essential that the assembler be
manually adjusted to agree with the number of
the marker group, and that this adjustment con-
sists in placing the plugs TNP and UNP in the

-two jacks of the groups MG tens and MG units

which bear, respectively, the numerical indica-
tion of the E and F' digits of the marker group
entry. If it is assumed that these digits together
make up the number “07” as indicated in Fig. 25,
then plug TNP is inserted in the jack “0” of the
MG tens group of jacks and the plug UNP is
inserted in the jack “7” of the MG units group
of jacks. Assuming these adjustments to have
been made by way of example, we may now pro-
ceed to the operation of the assembler on en-
countering a splice code “180303” of the splice
pattern. .

After the tape is inserted in the reader, lock-
ing key ETPK (Fig. 6) and non-locking key -ST
are operated in the order indicated. The opera-
tion of key ETPK closes a circuit for relay ETP
extending from ground on the No. 2 back con-
tacts of relay ST2, upper contacts of key ETPK,
winding of relay ETP to battery. 'This relay op-
erates and locks to ground on the lower contacts
of the key so long as the latter remains operated.
Key ST operated will cause the operation of re-
lays STI, ST2, AC9, TA, TB and TC as already
described. With relay ETP operated, the reader
contact lead FE (sensing pin FE sensing the
punch. position (aa) for the A digit “1”) is
switched to complete the circuit of relay A3 of
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the A digit register, said circuit tracing from
-.ground on reader contacts FE as traced to con-
ductor 138, Wo. 4 front contacts of relay ETP,
No. 4 contacts of relay ACS®, No. 1 contacts of
relay APB, winding of relay A3 to battery. Since
the B digit has the value “8” relays BIC and BIE
of the B register are operated over previously
described circuits. Also, since the C digit has
the value “0,” relays CA and CiB of the C reg-
ister are also operated over previously described
circuits. Hence the ground on conductor 401 pre-
viously traced thereto from conductor 145 is now
traced over the No. 4 contacts of relay CiA, No. 7
contacts of relay CIB, No. § contacts of relay CiC,
No. 7 contacts of relay CID, No. 5 contacts of
relay CIE, No. 2 contacts of relay CiA, No. 2 con-
tacts of relay CIB, conductor 484 within bracket
26, No. 1 front contacts of relay ETP, conductor
1582, conductor 152’, brush AP3 and normal ter-
minal N engaged thereby, conductor (53, No. 3
contacts of relay TRE, conductor 154, winding
of relay APA to battery. With this relay op-
erated, the circuit functions as described in con-
nection with the regular heur entry to perforate
the splice code “130303” on the tapes of all the
ten perforators, switch AP making as many
rounds and causing the different perforators
G ...8 to be as many times connected to the
assembler as there are lines of the splice code
sensed, the result of which being that the splice
pattern appearing on the central office record
tape before the marker group entry “384007” is
reproduced on the tape of each of the perforators.

When all of the lines of splice pattern have
heen reproduced on the tapes of the ten perfo-
rators and the central office record tape is ad-
vanced to the next line of perforations, which
will be that of the marker group entry “384007”
the circuit will stop inasmuch as the reader con-
tacts FC (which are associated with the sensing
pin sensing the punch position (Ac) for the A
digit value “3” of the marker group code) are
opened at the Ne. 2 contacts of relay ETP. Key
ETPK may now be released to release relay ETP,
and key RLS operated to restore the rest of the
circuit to normal. Key ST may then be operated
and the cireuit will thereafter function to sense
the marker group entry ag described below.

Thus the first operation of the assembler in
sensing the lines of the splicing pattern (the first
entries encountered) is to cause their reproduc-
tion as the first lines of perforation on the tapes
of the several perforators.

9. Marker group entry “3840XX”

‘When the marker group entry “384007” is read
by the sensing pins AA . . . FE of the reader, the
A digit “3” causes the operation of relay A3 of
the A register, the B digit “8” causes the opera-
tion of relays BiC and BiE of the B register while
the C digit “4” causes the operation of relays
CIB and CIHE of the C register, all over circuit
paths previously described. Relay LKI| operates
in the manner previously described for the sens-
ing of the regular hour eniry. As will be remem-
bered, relays A3, BIC and B{E will cause ground
on conductor {45 to be extended to conductor
481. Since relays CiB and CIE are now operated,
the ground on conductor 481 is further extended

over the No. 3 contacts of relay ClA, No. 5 con~

tacts of relay CiB, No. 6 contacts of relay CIC,
No. 5 contacts of relay CiC, No. 4 contacts of
relay CIE, No. 2 contacts of relay CIE, No. 1 con-
tacts of relay CIB, conductor {99 within bracket
228, No. 3 back contacts of relay MG2, winding
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of relay MG! to baitery. Since the ground on
conductor 145 is derived from the common con-
tacts C9, relay MG operates during the make
period of the sensing eycle, locking over its No.
2 front contacts, No. 2 back contacts of relay
MG2 to ground on conductor (8! applied thereto
from the No. 8 contacts of relay ILK{ over the
No. 3 contacts of relay APC. Relay MGi further
completes the circuit of relay RSS, said circuit
tracing from ground on the No. 2 contacts of re-
lay MG, conductor 183 within bracket 176, wind-
ing of relay RS3 to battery. Among its other
functions relay RS, upon operating, short-cir-
cuits by ground on its No. 2 and 3 contacts, the
upper winding of the timing relay TM. As will be
shown later, relay TM normally times the dura-
tion of a eycle of operatibns by the assembler.
However, since the reader stepping magnet STP
is not being operaied at this time it is necessary
to cancel the timing, which is done by short-
circuiting the upper winding of relay TM.

During the open period of the sensing cycle,
ground on contacts CT completes the circuit of re-
lay MG2, said circuit extending from ground on
said contacts as traced to conductor 4 within
bracket 178, No. 3 contacts of relay MG, wind-
ing of relay MGR to battery. Relay MG2 oper-
ates and locks to ground over its No. 2 front con-
tacts, conductor {98! within bracket (715, No. 3
contacts of relay APC to ground on the No. 8 con-
tacts of relay LK. The operation of relay MG2
releases relay MGH. )

With either rslay MGI or MG2 operated, a
cireuit is closed to operate relay DFMG, said cir-
cuit being traced from ground on the No. 4 con-
tacts of relay MG2 or the No. 5 contacts of relay
MG, conductor {82, winding of relay DFMG to
battery. With relay DFMG operated the five re~
lays TEA ... TEE are extended via the lower
five conductors within bracket $84 to the lower
group of conductors cabled “TEA ... TEE”
which are connected, respectively, to the con-
ductors within bracket {4 which extend to the
reader contacts of the sensing pins that sense the
E digit perforating positions (Ea) ... (Ee) of
the central office record tape and which, in this
instance, have the tens digit of the marker
group periorated thereon. Also, the five relays
UPA . .. UFE are extended via the upper five
conduetors within bracket {84 to the upper group
of conductors cakled “UFA . .. UFE” which are
connected, respectively, to the conductors within
bracket {4 which extend to the reader contacts
of the pins which sense the I digit perforating
positions (Fa) . .. (Fe) of said record tape and
which, in this insfance, have the units digit of
the marker group perforated thereon. Inasmuch
as the marker group number is assumed in the
example to be “07” (Fig. 25), the sensing of the
tens digit “0” of this nwmnber will cause relays
TEA and TEB fo be operated, while the sensing
of the units digit “7” will eause relays UFB and
UFC to be operated. The circuit paths for these
relays are easily tracealle from the involved rear
contacts to the conductors of cable {4 and thence,
via the conducters of cable {84 and the contacts
of relay DFMG, to the windings of the above re-
lays. It is understood, of course, that other two~
out-of-five relays in each of the two groups of
relays THA . .. TEE and UFA . . . UFE will be
operated in accordance with the value of each of
the two digits B and F comprising the marker
group number. A circuit is now completed for
relay APA which may be traced from battery
through the winding of said relay, conductor 154,
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No. 3 contacts of relay TR6, conductor 153, wiper
brush AP3 and the normal terminal N, conduc-
tor 132, conductor 152, conductor {95 within
bracket 178, No. 1 contacts of relay MG2, con-
ductor 198, sleeves of jacks 9, 8 and 71 of the units
jacks “MG units,” sleeve and ring of plug UNP,
ring of jack 1, conductor 87, No. 9 contacts of
relay UFC, No. 8 contacts of relay UFB, No. 5
contacts of relay UFE, No. 7 contacts of relay
UFD, No. 7 contdcts of relay UFC, No. 5 contacts
of relay UFB, No. 3 contacts of relay UFA, con-
ductor 198, No. 4 contacts of relay TEA, No. 7
contacts of relay TEB, No. 8§ contacts of relay
TEC, No. 7 contacts of relay TED, No. 5 contacts
of relay TEE, No. 2 contacts of relay TEA, No. 2
contacts of relay TEB, ring of jack “0” of tens
jacks “MG tens,” ring and sleeve of plug TNP in-
serted therein, sleeves of jacks § ... 9 of said
“tens” jacks, conductor 199, No. 3 front contacts
of relay MG?2, conductor 198 within bracket 225,
No. 1 contacts of relay CIB, No. 2 contacts of
relay CiE, No. 4 contacts of relay CIE, No. 5 con-~
tacts of relay CiD, No. 6 contacts of relay CIC,
No. 5 contacts of relay CiB, No. 3 contacis of
relay ClA, conductor 431 and thence as previously
traced (through the relays BIC and BIE of the
B register) to ground on conductor {45, as applied
thereto by contacts C§ during the make period of
the sensing cycle.

With relay APA operated, the circuit will func-
tion as deseribed for the regular hour eniry to
perforate the marker group record “384007” on
the tapes of all of the ten perforators § .. . 8.
The marker group eniry, it will be noted, is per-
forated in the perforator tapes immediately after
the last line thereon of the splice pattern, which
was sensed before the marker group entry.

If the marker sroup designation on the central
office record tape as read by relays TEA . . . TEE
and the relays UFA . .. UFE does not “check”
with the number set up on the jacks MG tens
and MG units by the plugs TNP and UNP, re-
spectively, the circuit will stop (as will be shown)
and an alarm brought in to indicate that the
record tape of a wrong marker group is being
processed. In this event further processing of

_the tape will be arrested. Under normal operat-~
ing conditions, when the marker group record
checks properly with the setting of the plugs
TNP and UNP, relay MG2 will be unlocked when
relay APC operates, thereby releasing relay
DFMG which, in turn, will cause the release of
relays UFA, UFB, TEA and TEB.

10. District frame eniry “3800XX”

When, after the marker group record “384507”
has been perforated on the {apes of the several
perforators the stepping magnet STP releases,
the central office record tape is advanced one step
to bring the perforations of the district frame
entry “3300XX” under the reader sensing pins.
It is assumed (according to Fig. 25) that the par-
ticular frame entry is “380000.”

Ordinarily the record tapes from a particular
marker group (or building) are spliced together
in the proper numerical order as determined by
the district frame entry, beginning with the entry
“00” for the E and P digits. If they are not,
then the tapes of the marker group will be in-
serted in the reader one at a time in the above-
indicated numerical order. To check that the
central office tapes from one given marker group
are spliced together, or inserted in the reader in
the indicated numerical order and that no tapes
are omitted, switch DF and the relays of Fig. 10
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’are provided. VLamps associated with the switéh

DF are also provided to indicate the particular
district frame number of the tape which is being
processed. These lamp indications will, of course,
change progressively as the tapes from the suc-
cessive district frames of the given marker group
are successively processed by the assembler.

In case the first tape processed is not that of
district frame “00” as assumed, or in case it is
desired to process the tapes of a particular district
frame ounly, or to skip a iframe, arrangements
are provided so that switch DF and the asscciated
relays can be positioned to check any district
frame number by The cperation of keys DPTIK,
DFTIK and DFUK. As already mentioned, the
first entry encountered on the central office rec-
ord tape after the splicing pattern will be the
marker group entry, and the second one there-
after will be that of the district frame entry. If
the distriet frame entry is not “00” and, there-
fore, does not check with the position of switeh
DF and associated relays, the circuit will stop
and further processing of the tape is arrested.

When the distriet frame entry 3300007 is
being read, relay A3 of the A register will operate
in response to the sensing of the A digit “3,”
relays BiC and B{E of the B register will oper-
ate in response 1o the sensing of the B digit “§”
(in turn locally operating relays B2C and BZE)

-and relays CiA and CiB of the C register will

operate in response to the sensing of the C digit
“Q.” These relays all operate over previously
described circuits. Relays LK{ will also operate
as previously described. As a consequence, the
ground previously traced to conductor 145 as a
resuilt of the operation of relay A3 is extended
to conductor £8{ over a previously traced path
through the contacts of relay BiA . .. Bifi and
thence over the No. 4 contacts of relay CIA,
No. 7 contacts of relay CiB, No. 8§ contacts of
relay CiC, No. 7 contacts of relay CiD, No. 5
contacts of relay CiE, No. 2 contacts of relay ClA,
No. 2 contacts of relay CiB, conductor 484 within
bracket 26, No. I back contacis of relay ETP,
conducteor 485 within bracket 176, No. 3 back
contacts of rclay DEFZ, winding of relay DFi to
battery. Relay DF{ cperates, locks over its No. 5
contacts, No. 2 normally made contacts of relay
DF2 to previously traced ground on conductor
181, and grounds conductor {83 over its No. 8
contacts to operate relay RS3. The latter relay
operates to cancel the timing as previously de-
scribed in connection with marker group sensing
inasmueh 2s the reader drum is not being stepoved
during the closure of the readsr contacts. With
the brushes of. switch DF in their respective
normal positions (as evidenced by the normal
condition of the off-ncrmal contacts DFC) a cir-
cuit path is closed for the rotary magnet RGCT
of this switch, said circuit extending from ground
on the No. 3 contacts of relay DFI, INo. 3 contacts
of relay D5, conductor 488, upper springs of con-
tacts DFC, winding of rotary magnet ROT to
battery. This magnet operates and advances
the brushes D¥{ and DFZ into engagement with
the first terminals (3) of their respective ares.

During the open period of the sensing eycle,
when contacts C7 are closed following the opera-

" tion of relay DF1{, a eircuit path is completed for

70

relay DF2, said circuit extending from ground
cn the confacts C7 as previously traced to con-
ductor 4 within bracket (7§, No. 4 contacts of
relay DFi, winding of relay DF2 to battery. The

_latter relay, upon operating,; locks to ground on

conductor 191 over its No. 2 front contacts and
releases relay DFY.
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With relay DFI operated (that is, prior to its
release by relay DT2), circuits were cicsed for
operating relays DFMG, DF8, DF3 and DFS$.
The circuit of relay DFMG is an obvious one
over conductor {92 from the No. 1 grounded con-
tacts of relay DFIi; that of relay DF8 from the
No. 6 contacts of relay DFi; that of relay DF3
from the No. 2 contacts of relay DF!; while that
of relay DF§ from the No. 7 contacts of relay
DFI. Relay DFMG holds to the No. 3 contacts
of relay DF3 after relay DF{ releases, as subse-
quently shown.

The operation of relay DFMG now connects
the relays TEA . . . TEE and UFA . . . UFE to
the reader for sensing the B and F digits, re-
spectively, of the district frame number on the
central office record tape which number, in this
instance, is assumed to be “00” and, therefore,
results in the operation of relays TEA, TEB and
UFA, UFB. The operation of relay DF§ connects
the contacts of the relays UFA . . . UFE to the
terminals of the switch DF. The operation of
relay DFS connects the windings of relays
DFT0 and DFTI to the contacts of relays
TEA . . . TEE for registering the tens digit (&)
of the district number perforated on the central
office record tape. Since this digit is either “0”
or “1” (the number of frames being limited to
twenty (00 . .. 19) by way of example) either
relay DFTO or DFTI will operate, the former if
the tens digit is “0” and the latter if this digit is
“L.” It has been assumed in the present exam-
ple that the tens digit is “0,” in conseguence of
which relays TEA and TEB are operated. There~
fore, a circuit path is completed for relay DFI6
extending from ground in the No. ¢ contacts of
relay DF§, conductor 487, No. 4 contacis of relay
TEA, No. 7 contacts of relay TEB, No. 8 contacts
of relay TEC, No. 7 contacts of relay TED, No. 5§
contacts of relay TEE, No. 2 contacts of relay
TEA, No. 2 contacts of relay TEB, conductor
263, No. 5 contacts of relay DF3, conducior 284,
No. 3 contacts of relay DT2, winding of relay
DFTC to battery. Relay DFTH, upon operating,
completes the circuit of relay DFI, said circuit
extending from ground on the No. 1 contact of
relay DLR, No. 2 contacts of relay DFT, wind-
ing of relay DFI to battery. The latter relay
operates, locks over its No. 2 contacts to ground
on the No. 1 contacts of relay DLR, and com-
pletes an obvious eircuit for lamp DFTHL: the
lighting of which indicates that the tens digit
of the distriet frame is “0.”

Had the tens digit of the frame number been
“1” instead of “0” and, therefore, relays TEA,
TED had been operated instead of relays TEA
and TEB, a path would have been closed for
relay DFTt extending from ground on conductor
487 as aforetraced thereto, No. 4 contacts of
relay TEA, No. 6 contacts of relay TEB, No. 6
contacts of relay TEC, No. 6 contacts of relay
TED, No. 5 contacts of relay TEE, No. 8 con-~
tacts of relay TED, No. 5 contacts of relay TEA,
conductor 488, Mo. 4 contacts cf relay DF3, con-
ductor 295, winding of relay DFTI to battery.
The function of relay DFTI will be described
later.

Relays UFA and UFB (operated in response
to the sensing of the ¥ or units digit “0”) com-
plete a circuit for relay DF4, said circuit ex-
tending from ground on the No. 4 contacts of
relay DF8§, conductor 487, No. 4 contacts of relay
UFA, Mo. 7 contacts of relay UFB, No. 8 contacts
of relay UFC, No. 7 contacts of relay UFD, No. 5
contacts of relay UFE, No. 2 contacts of relay
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UFA, No. 2 contacts of relay UFB, conductor
409, No. 1 contacts of relay D¥6, wiper brush
DFSI and “0” terminals engaged thereby, con-
ductor 410, No. 1 front contacts of relay DF3,
winding of relay DF4 to battery. 'The latter
relay operates and locks over its No. 2 contacts
to ground on the No. 2 contacts of relay DF3. In
parallel with the circuit of relay DF4 is that of
lamp DFUS which operates to indicate that the
units digit of the district frame number of the
record being sensed is “0.”

Relay DF'§ completes the circuit of relay DF5,
sald circuit extending from ground on the No. 1
contacts of relay DLR, conductor 43, No. 3 con-
tacts of relay D4, winding of relay DF5 to bat-
tery. The latter relay operates, locks over its
No. 2 contacts to ground on conductor 43 and
prepares the circuit of relay DFT when the dis-
trict frame number changes from “06” to “01”
in the processing of the tape from frame 01
which, it is assumed, will follow the processing
of that from frame “00.” It will be noted that
relay DFS cannot be released except by the
operation of relay DLR which, among its other
functions, remains normal during the processing
of the tape of frame 00. The operation of reiay
D4 also closes a path to operate relay APA, the
circuit thereof tracing from battery through the
winding of said relay as previously traced to con-
ductor 182 and thence to conductor 195 within
bracket (18, No. 1 confacts of relay DF4, conduc-
tor §9, No. 1 contacts of relay DFT8, conductor
4i1, No. 3 contacts of relay DF2, conductor 485
within bracket 176, No. 1 back contacts of relay
ETP, conductor 404 within bracket 28§, and
thence as previously traced to ground on con-
ductor 145. With relay APA operated the cir-
cuit will proceed to perforate the district frame
entry “00” (E and F digits) on the tapes of all
of the ten perforators (along with other digits
of the entry) in the same manner as described
above for perforating the regular hour entry cn
all ten perforators, except that on the release of
the circuit, relays DF5 and DFi will remain
locked to ground on the contacts of relay DLR.
The record tape is then advanced in the de-
scribed manner, to bring the next line of per-
forations under the sensing pins of the reader.
It will also be noted that when relay APA re-
leases, it opens the circuit of relay RS3 which,
in releasing, removes the short circuit around the
upper winding of relay TM so that the latter
may resume timing operations, as will be de-
scribed.

11, Hour entry “3811XX”

The next entry of the end-ef-tape entries to be
sensed will be the “hour” entry “2811XX,” the
latter being the hour at which the end-ol-tape
entries are perforated on the ceniral office rec-
ord tape and is not to be confused with the regu-
lar hour entry “3810X3” which, as previously
noted, is perforated on the central office record
tape at the beginning of each hour. The two en-
tries, however, differ only in the value of the D
digit which, for the regular hour entry, is “@”
and which, for the hour entry of the end-of-tape
entries, is “i1,” the B and F digits in both cases
designating, of course, the actual hour in which
the entry is made. Fig. 25 shows a typical end-
of-tape hour entry in which the hour (XX digits)
is indicated as “14.”

The method of operation for putting this entry
on the tapes of all perforators is the same as
that already described for the regular hour entry

“3810XX.”
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12. Day entry.“3820XX”

The next entry of the end-of-tape entries to be
sensed wiil be the “day” entry “3820XX” which,
in the E and F-digits thereof, records the day in
which the end-of-fape entries are made: Since
there are a maximum: of 3i days, the E digit will
either be 1, 2-or 3 while the ¥ digit will be any
value irom § to 9. Fig., 25 shows a typical day
entry for the end-of-tape entries in which the
day (XX digits) is indicated as “27.”

The method of operation for putting this entry
on the tapes of all’ perforators is the same as
that already described for the regular hour en-
try “3810XxX.”

13; Monih enlry “3830XX”

The next and lasi' of the end-of-tape entries to
be sensad will be that of the “day” eniry
“3830XX” which in the E and F' digits thereof,
records the month in which the end-of-tape en-
tries are made. Since there are 12 months; the
E digit will be either § or 1 while the ¥ digit will
be any value from ¢ to 9; Fig. 25 shows a typical
month entry for the end-of-tape entries in which
the month (XL digits) is indicated as “06.”

The method of operation for putting this en-
try on the tapes of all perforators is the saine as

that already deseribed for the regular hour en-

try “3810XX.
14, Skip splice.entry “386000”

After the five end-oi-tape entries have been
disposed of by causing the same to be reproduced
cn the tapes of the ten perforators, thie next en-
try that will be encountered by the reader will
be the first line of a call record entry, probably
an answer or discennect entry or; at all events,
the first line of an initial two-line or four-line
entry. 'The assembler then operates in the man-
ner described to dispose of the entries in accord-
ance with the indicaticns furnished by the value
of the A digit in the first line of the entries.
These operations will continue and the central
office record tape (of frame 00) will be advanced
until the marker group entry punched at. the
“trailing” end of the tape as the first of the
end-of-tape entries wiil be underneath the pins
of the reader.

The assembler will then operate as above de=
scribed to cause the second five end-of-tape en-
tries to be reproduced on the ftapes of the ten
perforators, after which the central office record
tape is advanced to the skip splice entry “386000.”

It is not desirable of repreduce the splicing pat-
tern which follows the skip splice entry except on
the last tape, and it is the purpese of this entry
to so advise the assembler which, in response to
the sensing thereof, will automatically cause the
lines of the splice pattern following it tec. be
skipped without reproduction on the tapes.of the
ten perforators.

When the skip splice entry “386000” is sensed
by the pins of the reader, relay A3 will be op-
erated in response tc the sensing of the A digit
“3,” relays BiC and BiE will be operated in re-
sponse to the sensing of the B digit “8” (said re-
lays in turn locally operating relays B2C. and
B2E) while relays CtA and CiC will be operated
in response to the sensing of the C digit “6.” All
of these relays operate over circuit paths previ-
ously fraced. Relay LK/} also operates:in the
manner previously described in connection: with
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the: operation of the assembler in sensing the
regular hour entry “3810XX.”

With relays.ClA and CIC operated, the ground
previously traced to conductor 481 now completes
a circuit for relay SKP, which. circuil exiends
from ground on said conductor, No. ¢4 contacts
of relay CiA, No. 6. contacts of relay CIB, No. 7
contacts of relay CiC, No. 7 contacts of relay
CiD; No. 5 contacts of: relay CiE, No. 1 contacts
of relay CiA, No.. 1 contacts of relay CIC, con-
duector 178, No..2'back contacts of relay CSK, con-
ductor 17f within bracket 49, No. 1 contacts of
relay ¥FDS, conductor (72 within bracket $73,
winding of relay. SKP to battery. This relay op-
erates and locks over its No. 3 front contacts, re-
sistor 114, conductor {75 within bracket. {76, No.
2 contacts. of relay DF8, No. 4 contacts. of relay
MG, conductor § 7T within bracket 75, to ground
on the No. I contacts of relay AC8. At its No..4
continuity contacts, relay SKP opens the circuit
of relay LKI causing this relay to release and
stay released during.the time that the perfora-
tions of the splicing pattern are sensed and
skipped by the reader, Relay SKP alsc completes
a. circuit for relays RS{ and RS2 by grounding
conductor {93 through its No. 2 contacts, and
since relay RSi, upon.operating, removes ground
{from conductor 147; the reader step magnet STP
is released in. the deseribed manner to advance
the record. past one line of splice perforations.
Since relay SKP is locked under the control of the
No. ¢ contacts of relay MG, relays RSi and RS2
will remain operated, thereby causing the step
magnet STP tc operate and release under the
sole: control of the contacts C8: to.advance the
reader drumn automatically and pass by all the
lines of the splice patitern, the operations con-
tinuing until the reader pins encounter the mark-
er group -entry. of (1). either another section of
the central office tape belenging to the same dis-
trict frame (in this case frame “00”) or of the
central office tape belonging to the next frame
“01” of the same marker group. Since the A
digit of this latter entry is “2,” the operation of
relay A3 will.cause the operation of: relay MG
as previously descrived for the marker group op-
eration. Relay MG operated, unlocks relays SKP
and -the release of the Iatter releases relays RSt
and RSZ. Relay RS{ grounds conductor (i1 and
halts the advance of the central office tape record
at the marker group entry.

On first district sort- operations it is desirable
not to skip the splice pattern on' the trailing
end of the last tape of a central office. It will
be noted' from Fig: 28, however, that there is
always- the skip splice code “386000” preceding
the splice pattern at the trailing end of all tapes,
and that if the reader senses this code it will
cause the assembler to skip the pattern. Hence
to -aveid this skipping on-the trailing end of the
last central office tape the attendant will op-
erate locking key CSKIi- (cancel skip) (Fig. 9
just before the end of said last central office
tape. The closure- of this key completes a cir-
cuit-for relay CSK, extending from ground on
theNo. 1.contacts of relay ACH, conductor 32,
contacts of key CSKI, upper winding of relay
CSK to battery. The relay operates and locks
over its No. 1 contacts to ground on conductor
22. Now when the reader senses the skip code
386000, . ground- on. conductor 78 previously
traced thereto through the relays of the C reg-
ister:in consequence of the digit “6” being regis-
tered therein: is now switched over the No. 2 front
contacts -of relay 'CSK to complete the . circuib
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of relay APA via conductor {52 and thence as
previously traced to the winding of relay APA.
With this relay operated the assembler proceeds
to perforate the skip splice code “386000” on
the tapes of all ten perforators, after which the
reader will be stepped to the first line of the
splice pattern, stop and bring in the alarm. The
attendant will then release the circuit in the
manner already described, operate key ETP and
reoperate key ST. 'The circuit will then proceed
automatically as already described to copy all

the splicing patterns on the end of the central

office record tape on all ten perforators. Addi-
tional splice lines can be copied by operating key
RDR (Fig. 1) which will prevent the reader from
advancing,

15. Sensing tapes of different district frames in
the same marker group

It will now be assumed that the next record
tape to be sensed by the assembler will be that
of the next distriect frame (01) of the same
marker group. This tape the first part of which
will be identical with the section of the tape in
Fig. 25 which lies below the “cut” within the
bracket A, will have its splice pattern superim-
posed upon the splice pattern of the trailing end
of the tape just sensed; that is, it will be super-
imposed upon the splice pattern above the cut
within bracket B. If the two splice patterns
are thus joined, the assembler will continue in
the manner described to skip the superimposed
splice pattern of the two tapes and will stop skip-
ping operations when the record is advanced to
the marker group entry “384007” of the tape
belonging to distriet frame 01.

The assembler will then proceed to sense the
marker group entry and cause the same to be
reproduced on the tapes of all ten perforators.
Upon the advance of the record to the district
frame entry, which now is “380001,” the circuit
operates as previously described for the sensing
of the district frame entry “380000” to cause the
operation of relays DFI, RS3, DF2, DFMG, DF8,
DFR and DF6; relays DFS gnd DFi having re-
mained locked from said previous operation.
With the operation of relay DFMG, relays UFA

UFE and TEA ... TEE are connected as
descnbed to the reader contacts of the pins
which sense the F and E . digits, respectively.
The operation of relays TEA and TEB in re-
sponse to the sensing of the E digit 0 will cause
the operation of relay DFTC in the manner de-
scribed. 'The units or T digit, however, is “1”
instead of “0.” Hence relays UFA and UFD will
be operated. The circuit of relay UFA has al-
ready been traced. That of relay UFD extends
from ground on reader contact AB, No. 29 con-
tacts of relay RFD, conductor 4! within brackets
14 and 194, No. 4 contact of relay DFMG, wind-
ing of relay UFD to battery. With relays UFA
and UFD operated, and with the brushes of
switch DF still in their respective “1” terminalg,
a circuit is completed for relay DFI, said circuit
extending from ground on the No. 4 contacts
of relay DF8, conductor 407, No. 4 contacts of
relay UFA, No. 6 contacts of relay UFB, UFC
and UFD, No. 5 contacts of relay UFE, No. 8
contacts of relay UFD, No. 5 contacts of relay
UFA, conductor 108, No. 2 contacts of relay DFS,
brush DIFS2 and terminal { engaged thereby,
conductor {06, No. 3 contacts of relay DF3, No.
1 contacts of relay DF5, normal contacts of relay
DFL, winding of relay DFT to battery. Relay
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DF7T operates and locks over its No. 4 contact to
ground on the No. 2 contact of relay DF3.

It will be noted that, if by some error, the
tape spliced to the tape of district frame “00”
had been that of any other district frame but
“01,” or if the tape processed after that of dis-
triet frame “00” is that of any other district
irame but “01,” the path of relay DFT would
not have been completed inasmuch as this path
is completed only when relays UPA and UFD
(for the units digit “1”) are operated. Under
these circumstances, the circuit will stop and
bring in an alarm, as will be shown.

With relay DFT operated, a path is completed
for the magnet ROT of the switch D¥F, said path
extending from ground in the No. 3 back con-
tacts of relay D¥9, No. 5 contacts of relay DFT,
conducter 412, winding of magnet ROT to
battery., The magnet operates and steps the
wipers DFS{ and DFS2 fo their respective No. 2
terminals. Further, relay DFT completes the
circuit of relay APA, said circuit extending from
battery through the winding of said relay as
previously traced to conductor 195, No. 1 contact
of relay DF1, conductor 59, No. 1 contact of relay
DFT0, and thence as previously traced to ground
on conductor 145. Relay APA operates and
Tunctions to cause the district frame entry of the
frame “01” to be perforated on the tapes of all
ten perforators.

With relay DFT operated, a path is also closed
for relay DFL, said path being traced from
ground on the No. 2 contact of relay DF3, No. 2
contact of relay DFI, winding of relay DFL to
battery. This relay operates and opens the op-
erating path of relay DF1 through the brush
DFS2. This is to prevent the momentary light-
ing of lamp DFU- from the locking contact of
relay DF1. When relay APC operates in the
manner described, ground is removed rom con-
ductor {91, causing thereby the release of relay
DF2 which, in furn, releases all of the relays DF-
locked thereto.

Upon the release of relay DF8, a circuit is com-
pleted {for lamp DFU1 extending from ground on
the No. 1 back contact of said relay, conductor
410, brush DFS{ and No. 2 terminal, lamp DFUI
to bhattery. This lamp lights and indicates that
the tape of district frame “01” is being processed.

Switch DF will progress in the manner above
described as the assembler operates to process
the successive tapes from the different district
frames of the same marker group, provided that
said tapes are spliced or independently applied
to the reader in the indicated numerical order.
When the district frame number is repeated or
sensed the second time, relay DF4 operates over
s circuit completed from previously traced
ground on conductor 410, No. 1 front contacts of
relay DF3, winding of relay DF4 {o battery. This
relay operates to check that the record is the
same as the one registered in the assembler, and
proceeds to confrol subsequent operations by
which the district frame entry is put on the tapes
of all ten perforators. However, and as above
described, when the district frame number on
the tape is one number in advance of the record
to the assembler, relay DFT operates to move the
brushes of the swilch DF to the next higher
position.

When switch DF reaches the tenth position
which registers the “09” district frame number, a
circuit is closed for relay DF9 afier relay DF3
has released when the brushes of the switch are
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moved from the ninth to the tenth position. This
circuit may be traced from.ground on the No. 1
back contact of relay DF$, conductor 418, brush
DES{ and the No. 10 terminal engaged thereby,
conductor {1&, No. 5 hack contact of relay DFS,
winding of relay DFS to battery. This relay op-
erates, locks over .its Mo. 2 contacts fo greund
on the lower set of off-normal springs DFC, and
completes an obvious circuit for lamp DFUS to
indicate that the tape of the district frame “09”
.is being processed.

When the record tape of distriet frame “10”
is sensed (which tape will be next in the order
of sensing), relays TA and TD will be operated

in response to the sensing of the E digit “1” -

and.relays UFA and UFRB will be operated in re-
sponse to the sensing of the ¥ digit “0.” Con-
sequently relay DFT{ is operated over a
previously traced path. Since relay DF8 is now
Tlocked, a circuit is completed for relay DF1, said
circuit extending from ground on conductor 409
as applied thereto through a previously traced
path, No. 1 contacts of relay DF§, No. 1 contacts
of relay DFT!, No. 10 terminal and brush DFS2,
conductor i06, No. 3 contacts of relay DF§, No. 1
contacts of relay DFB, normal contacts of relay
DFL, winding of relay DF7 to battery. This re-
lay operates, and instead of completing a circuit
for the magnet RCT as previously described, now
completes a.circuit for release magnet RLS; said
cireuit extending from ground in the No. 3 front
contacts .of relay DFY, No. 3 conbacts of relay
DF1, conductor (8, winding of magnet RLS
to battery. This magnet operates, returns the

brushes DFS{ and DFS2 to their respective nor- °

mal terminals and restores the off-normal springs
DFC which unlock relay DF8. The latter, upon
restoring, reestablishes the circuit of magnet
ROT which operates tc advance the brushes
DFS{ and DFS2 to their respective No. 1
terminals.

When relay DIT{ operated, a circuit was
closed for relay DT2, said circuit extending from
battery through the winding of said relay, No. 3
contacts of relay DFTY, to ground on the nor-
mal contacts of relay DLR. An obvious circuit
for lamp DFTIL is therefore established which
indicates the tens digit “1” of the district frame
number while the lighting of lamp DFUQ over
a previously described circuit indicates the units
digit “0.” The relays of Figs. 7, 10 and 14 and
the switch DF will then operate before de-
scribed for indicating and checking the processing
of tapes from district frame “10” to “19.”

In the above description, it should be noted
that relays DFS5, DF{ and DT2 are locked op-
erated to the Wo. 1 contacts of relay DLR. This
arrangement is provided so that the district
frame record-stored in the relays and in the posi-
tion of switch D¥F will not be released if the re-
lease keys RLS and ERLS are operated to restore
the assembler for the purpose, say, of investigat-
ing some trouble coundition arising from the
sensing of a tape or for any other reason. To
release the above relays and restore switch DF
at the end of sorting, non-locking key DFRK is
provided which, on being operated, completes an
obvious circuit for relay DLR., The latter, on
operating, disconnects ground from conductor
43, in turn releasing relays DFS, DT{ and DT2.
The operation of relay DLR further completes a
circuit for release magnet RLS, said circuit ex-
tending from ground in the lower off-normal
springs DFC, No. 2 contacts of relay DLR con-
ductor {18, winding of magnet ROT to battery.
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The operation of the magnet restores switch DF
‘to normal.

:16. -Sensing single district frame tapes

To analyze a single district frame record tape;
that is, a tape which is not spliced to the tapes
from other district frames in the required nu-
merical order, the plugs TNP and UNP are first
inserted in the jacks which indicate the marker
group number of the tape. The switch DF is-then
positioned to the terminals indicated by the dis-
trict frame entry, the latter being accomplished
by ‘means of key DFU’, the distinction between
the tens digit “0” and “1” of the frame entry be-
ing made by means of keys DFTEK and DFTK.

The operation of key DFU’ (which is non-lock-
ing) completes an obvicus circuit for the magnet

‘ROT, and the latter, by operating successively on

successive operation of the key, steps the brushes
of the switch to the terminals indicated by the
units digit of the frame entry. The circuit of the
appropriate units lamp DFS—, in accordance with
the terminals to which the brushes of the switch
are stepped, is then completed over brush DFSI to
ground on the No. 3 contacts of relay DF3, via
conductor 48, If the tens digit of the frame
entry is “0,” key DFTHK is operated and the lat-
ter closes an cbvicus circuit for relay DFi which,
on operating, completes the circuit of lamp
DFTOL which lights to indicate that the tens
digit of the frame entry is “0.” On the other
hand, if the tens digit is “1,” key DFTK is oper-

‘ated to complete the circuit of relay DT2 which

operates to light lamp DFTIL to indicate said
digit. The record may then be processed in the
manner previously described.

17. Test call entries “388000”

The central office circuits are arranged to re-

. -eord certain “test calls” on the central office rec-

ord tape. These calls are but selective circuit
closures for the punch magnets of the central

-office recorder, to test their operation for all digi-
‘tal values of each of the six digital orders A to F,
‘inclusive.

According to the above-mentioned Carpenter-
Collis copending application, when it is desired to
test the magnets of a central office recorder, the
latter ig made busy and piaced under the control
of a master timer which thereupon proceeds to

-cause the recorder o perforate on the central

office record tape in succession one set of end-of-

‘tape entries, a series of skip splice codes, the skip

splice code “386000” followed again by another
set of end-of-tape entries (see Fig. 27). This last
set is then followed by a series of test calls (usually
about-eighty in number) which are intended (as
said before) to test the magnets of the recorderin
the varied combinations they are intended to op-
eratein service. The codes of these test calls may,
if desired, be selected to conform to some geo-
metric pattern which will be recognized by the
The last test
call will be followed by the test call entry
“388000,” after which the recorder is again placed
in service to receive regular call entries from the
group of district junctors it serves.

It is the purpose of the assembler, in sensing
the test call entries when processing a portion of
the central office record tape, to skip such entries
jnasmuch as they do not pertain tc subscriber
calls. Remembeting that the central cffice record
is sensed in reverse, the assembler will first sense
the entry “388000” after sensing and disposing of
the call records immediately preceding.
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When the sensing pins encounter the test call
entry “388000,” relay A3 of the A register will be
operated in response 1o the sensing of the A digit
“3,” relays BIC and BIE of the B register will be
operated in response to the sensing of the B digif
“8” (in turn locally operating relays B2C and
B2E) while relays CiC and CIE of the C register
will be operated in response to the sensing of the
C digit “8.” All these reiays are operated over
previously described circuits. The operation of
relays CIC and CIE of the C register now causes
ground on conductor 481 to be further extended
over the No. 3 contacts of relay CiA, No. 4 con-
tacts of relay CiB, Mo. 5 coniacts of relay CIC,
No. 5 contacts of relay CiD, No. 4, contacts of re-
lay CIE, No. 2 contacts of relay C!C, No. 1 con~
tacts of relay CIE, conductor 188, winding of re-
lay TSTI to batlery. This relay operates, com-
pletes an obvious circuit for lighting lamp TSTL,
completes an obvious circuit for relay TST2 which
operates, and cleses o locking path for itself cver
its No. 2 contacts, resistor {81, conductor 32, No.
1 contacts of relay ACH, ground. Relay TST2 also
locks via its cwn No. 2 front contacts, resistor (82,
conductor &4 to ground on contacts C9, applied
thereto during the closed pericd of the sensing
cycle as previously described. With relay TST?
operated, relay LX! will he released and the
ground from the confacts C8 is disconnected from
conductor 45, thus suspending all further circuit
operations.

With circuit operations suspended, the timing
circuit (the operation of which will be described
later) wiil bring in an alarm. An attendant will
then release the circuit by operating keys RLS
and ERLS, key RLS opening the locking circuit
for relays ST{ and ST2 causing them to release
which, in turn, removes one locking ground for
relay AC® while key ERLS opens the cther and
causes said relay to release, thereby unlocking all
relays held thereto. It will be noted that relay
RFD remains operated sinee its circuit is con-
trolled from key FD which remains operated. The
attendant then operates non-locking key RSTP
(Fig. 13) which, during the make period of the
sensing cycle, completes the circuit of relay SRI
from ground on contacts Cf as previously traced
to conductor 49, upper coniacts of key RSTP,
No. 1 contacts of relay 8R2, winding of relay SRI
to battery. The latter relay operates and closes

a locking ecircuit through the winding of relay *

SR2, No. 1 contacts of relay SR, ground on the
lower contacts of key RSTP. Relay SR2 remains
shunted until contacts C{ open at the end of the
closed peried of the sensing cycle. While relay
SR is operated and relay SR2 is normal, a cir-
cuit for relays RSiI and RS2 is completed from
ground on the No. 2 contacts of relay SR2, No. 2
contacts of relay SR, conductor {563 to the wind-
ings of relays R8I and RS2. The operation of
the former relay removes ground from conductor
117 to cause the stepper magnet STP to take one
step and advance the central office record tape
one row of perforations, or one test call. The cir-
cuit of relays RSI and R32 is opened upon the
operation of relay SR2 during the open period of
the sensing cycle, causing it to release, while re-
lays SRI and SR2 remain operated as long as key
RSTP is kept depressed. The relays release upon
the release of the key, and in order again to ad-
vance the tape to the next test call it is necessary
to reoperate the key, in consequence of which the
above operations are repeated for each operation
of the key and the central office caused to skip
one test call for each such operation.

Should the attendant desire to skip the test
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calls rapidly instead of one at a time, he operates
key RSC (Fig. 1) which opens the circuit of the
stepper magnet STP thus causing the reader
drum to advance uninterruptedly through suc-
cessive revolutions without stopping at the end
of each revolution for the magnet to operate.
The attendant, by watching the progress of the
tape, will cease to operate the key after the tape
has been advanced to the next entry after the
last test call, which entry will be the marker
group enfry of the first set of end-of-tape entries.
Thereafter the attendant will release keys RLS
and ERLS and recperate the start key ST, at
which time relays STi, 872, ACQO, TA, TB and
TC are reoperated in the manner described to
make the circuit again responsive to sensing op-
erations of the pins of the reader. Since the next
entry will be that of the marker group, the as-
sembler will operate in the meanner previously
described for the disposal of such entries.

SECTION III—SECOND DISTRICT SORT

The assembler is arranged to make a second
district sorting operation as well as the first sort-
ing operation. The first sorting operation which
we have been describing is made by sorting the
entries on the central office record tape accord-
ing tc the units digit of the district number,
appearing as the ¥ or §th digit of the record, and
the cbject of the sorting is to collect in chronoc~
logical order on one tape all the call record
entries pertaining to calls made over all districts
having identical units digits.

An example of such record made, say, by per-
forator No. 1 is shown in Fig. Z8A in which only
the controlling digits of call record entries, the
skin splice entry and a regular hour entry are
shown (and shown in seript). In Pig. 28A, the
bottom of the tape record indicates the splice
pattern (in blank) and the end-of-tape enfries
which, it will be remembered, were copied direct-
ly from the central office record tape at the be-
ginning of sensing operations by operating the
ETPK key after operating the start key ST.
These entries are then followed by the regular
call entries (which are the only ones shown) and
all other entries (such as the regular hour entry,
one of which only is shown) which are recorded
thereon. As a typical example, the lowest and
fifth entries above the first set of end-of-tape
entries are the answer and disconnect entries for
a call completed over district 7{, the next two
lines following the entry immediately ahove said
disconnect entry being the initial entry for this
call, which is a “bulk-billed” call. This latter
entry is then followed on the tape (after omitted
entries) by the two answer and disconnect entries
for a call completed over district 8f followed, in
this case, by the four lines of the initial entry for
this call, which is a detailed call. The next entry
is the regular hour entry “3810XX,” perforated
on all of the ten tapes prepared by the ten per-
forators, followed in succession by entries for
calls completed over districts B4, 31, 6!, etc. in~
tervening sections of the record being omitted
for brevity, ending with the skip splice entry
“388000” and the splice pattern.

Thus each tape prepared in response to sort-
ing by the units digit has thercon all the call
records pertaining to calls established over dis-
tricts having the same units digit.

Each of these tapes is now passed through the
assembler in the consecutive numerical order in-
dicated by the value of the I or units digit, and

75 the purpose is to sort the records according to
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the tens or E digit thereon and distribute them
over ten other tapes in the same consecutive
order as they appear on the tape being processed,
but in the numerical order indicated by the dif-
ferent district numbers. That is, the ten tapes
te be produced by the ten perforators as.a con-
sequence of sorting the previcusiy produced tapes
according to the value of the E, or tens, digit, will
have all the call records pertaining to calls com-
pleted over each of ten districts arranged in nu-
merical order indicated by the district numbers.
An illustration of a section of a tape produced
as a result of the second district sorting opera-
tion is shown in Fig. 28B.

The assembler is arranged to check that the
ten tapes resulting from the first district sorting
operation are inserted in the reader in the proper
numerical order and that no tapes are omitted.
This tape number check operation is controlled
by means of switch TN (Fig. 19). The assembler
is not arranged, however, to check the district
frame entry of the end-of-tape entries, though
it will check the marker group entry inasmuch
as operations for reproducing this entry are con-
tingent upon the plugs TNP and UNP being in
the two jacks designating the tens and units
digits, respectively, of this entry.

In the second district sorting operation the ten
tapes resulting from the first district sorting
operation are spliced together in the numerical
order 0 to 9 or inserted in the reader in this
order. As the entries on first district sort were
sorted according to the units digit of the district
numbper, all of the call entries on the first tape
encountered (“0” tape) on -seecond district sort
will have the digit “0” as the units district num-
ber. In the second district sort, the assembler
is arranged to sort the entries according to the
tens digit of the district number. A check, how-
ever, is made to ascertain that the units digit of
the district number is “0” for all of the entries
found on the “0” tape of the first district sort
operation, that the units digit of the district
number “1” for all of the entries in the second
tape, ete., the same check being made in process-
ing all of the ten tapes.

The operation of the assembler will now be
described for the second district sort. And first
it will be noted that the tape “00” to be proc-
essed, being that produced by perforator 0 as a
result of the first district sort, is not inserted
in the reader in reverse as was the central office
record tape, but direct. Because of the operation
of relay RSD instead of RFD as noted below, the
reader contact conductors will now extend to the
respective winding of the relays or magnhets in
the assembler directly asscciated with the con-
tacts.

After tape “08” is inserted in the reader, key
SD (Fig. 1) and key ST are operated. The lat-
ter key initiates the operation of the circuit by
causing the operation of relays ST, STI, ACS,
TA, TB and TC as already described. Key SD
completes a circuit for relay RSD, said cireuit
extending from ground on the No. 1 normal con-
tacts of key ¥D, No. 1 make contacts of key SD,
conductor 227, winding of relay RSD to battery.
Relay RSD operates and extends the reader con-
tacts AA . .. FE as well as the common con-
tacts Ci . .. Cl{ to the circuit. Key SD also
completes a eircuit for relay SDS, said circuit
extending from ground on the No. 2 normal con-
tacts of key-¥D, No. 2 contacts of key SD, con-
ductor 228, winding of relay SDS to battery. Re-
lay SDS operates and since relay RSD is now
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-operated, the windings of the five relays of the F
register are extended, via the conductors within

bracket 228, to the reader contacts of the F digit,
thereby enabling the value of this digit to be
registered on said relays. The individual cir-
cuits of these relays, assuming ground on the
appropriate reader contact when the associasted
sensing pins enter perforations on the tape, are
as follows:

(1) Ground on contacts FA, No. 1 contacts of
relay RSD, conductor 23{ within bracket {4, No.
12 contacts of relay SDS, conductor 232 within
bracket 223, winding of relay FDA to battery;

(2) Ground on contacts FB, No. 2 contacts of
relay RSD, conductor {83 within bracket {4, No.
11 contacts of relay SUS, conductor 233 within
bracket 229, winding of relay FDE to hattery;

(3) Ground on contacts FC, No. 3 contacts of
relay RSD, conductor §88 within bracket 14, No.
10 contacts of relay -SDS, conductor 284 within
kracket 228, winding of relay FDC to battery;

(4) Ground on contacts FD, No. 4 contacts of
relay RSD, conductor 41 within bracket 14, 0. 9
contacts of relay SDS, conductor 235 within
bracket 228, winding of relay FDD to battery;

(5) Ground on contacts FE, No. 5 contacts of
relay RSD, conductor 2¢5 within bracket 14, No.
8 contacts of relay SDS, conductor 235 within
bracket 228, winding of relay FDE to battery.

These relays operate over the above-traced
circuits in the previously given 2-out-of-5 code
combinations for the ten different values of the
F digit that may be sensed by the sensing pins of
the circuit in response to the sensing of the ¥
digit in all the entries on the taps.

From an inspection of Fig. 28A it will be seen
that the first entries to be encountered by the
reader are those of the splice patiern and that
these are followed by the five end-of -tape eniries.
Both the splice pattern and the end-of-tape en-
tries are caused to ke reproduced on the ten tanes
of the periorators. Following the pattern of ds-
scription adapted for the first district sort, the
operations by which these reproductions are
made will follow those by which the regular call
entries are disposed of; that is, reproduced on
the tapes of the perforators respectively indi-
cated by the value of the E digit of such call
entries.

Assuming, then, that the record has heen ad-
vanced to the first call entry, such an entry may
be either an answer or disconnect entry the A
digit of which is “2,” or the first line of an initial
entry the A digit of which is “3.” Let it he as-
sumed that the entry is an answer or disconnect
entry as indicated in Fig. 28A. The 4 digit for
such an entry being “2,” a hole will be punched in
the punch position (4b), and when the pin AB
enters the perforation, its associated reader con-
tact will complete the circuit of relay A2, said cir-
cuit extending from ground on reader contacts
AB, No. 27 contacts of relay RSD, conductor {214,
No. 2 contacts of relay ACS, winding of relay A2
to battery.

Simultaneously with the sensing of the A digit
the other five digits B . ... F are also sensed, in-
cluding the E or the tens digit of the district
number recorded on the tape as part of the en-
try. This digit may, of course, have any value
from 0 fo 9, and depending upon its value, two
oui of the five pins BA . . . EE inclusive will
enter perforations during the closed neried of the
sensing cycle and cause the associzted reader
contacts to be closed to ground. Since relay SDS
is operated, the corresponding 2-out-of-5 relays
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SA ... SE of the selection register S will be
operated over previously traced circuits (but now
extending over contacts of relay SDS instead of
relay FDS as in first district sort) to register
therein the value of the E digit which, for this
‘example, may be assumed to be “7” (as indicated
in Fig. 28A) and resulting in the operation of
relays SB and SC.

When processing the “0” perforator tape,
which should be the first tape processed, the ¥
digit of the district number of the answer or dis-
connect entry being sensed should be “0.” Con-
sequently, relays FDA and FDB will operate over
previously traced circuits. Since relay A2 hsas
been operated in response to the sensing of the A
digit “2,” the ground on contacts C9 previously
traced to conductor 471 during the make period
of a sensing cycle is now extended to the No. 1
terminal of the arc accessible to brush TN{ of
switch TN, the extension of said path from con-
ductor 47 then further extending over the No. 4
contacts of relay FDA, No. 7 contacts of relay
FDB, No. 8 contacts of relay FDC, No. 7 contacts
of relay FDD, No. 5 contacts of relay FDE, No. 2
contacts of relay FDA, No. 2 contacts of relay
FDB, No. 1 terminal of the above-mentioned
switch are. With the brushes TNi and TN2 of
the switch in position 1 (they should be placed
in this position by operating key TNS hefore
sorting operations are started) and relays SB
and SC of the selection register operated in re-
sponse to the sensing of the E digit 7, the ground
on conductor 47 is further extended over brush
of arc TN2, conductor 413, conductor §i as pre-
viously traced thereto, No. 3 contacts of relay
SA, No. 5 contacts of relay SB, No. 7 contacts of
relay SC, No. 7 contacts of relay SD, No. 5 con-
tacts of relay SE, No. 8 contacts of relay SB, No.
9 contacts of relay SC, to the No. 7 conductor
within bracket 53, which is connected to the
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windings of the cut-in relays P1A, P1B and P1C

(not ‘shown), of perforator No. 7 (not shown).
These relays now operate in the manner de-
scribed for the first district sort to cause the
connection of perforator No. 7 to the assembier
whereby the answer or disconnect entry having
the digit 7 for the district number of the entry is
‘caused to be perforated in the manney descubed
on the tape of perforator No. 7.

Had the entry being sense been the first line of
an initial entry and, therefore, having “3” for
the A digit, relay A3 would have operated in-
stead of relay A2, but the above operations would
be:the same. However, since relay A3 causes the
operation of relay LKI, the operation of the lat-
ter would cause, for perforator No. 7, the opera-
tion of the “memory” relay PET (not shown) in
order to cause the seizure of the same perforator
for the perforation of supplementary lines of the
entry on the same tape,

It should be noted that each entry is checked,
in the second district sort, to insure that the tape
inserted in the reader was the “0” tape, and that
the same checking path arrangement through the
No. 1 terminal of arc TNI is used in processing
all the calls for the “0” tape. When the tapes of
the - first district sort are incorreectly spliced to=-
gether or incorrectly inserted in the reader, or
if -one of the tapes is omitted, the check circuit
through switch TN will stop on the first call en-
try- and ring an alarm as will be shown. The
Jamps TNG . -, . TN9 the circuit of each of which
is obvious, indicate the tens digit of the district
‘number on the entries of the tape being processed.
“-“When gll of the entries on the perforator tape
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of the first district sort have been processed, the
skip splice entry “386000” will be found before
the splicing pattern which occurs at the end of
the tape. As previously described in connection
with the first district sorting operations, when
the pins of the reader sense the entry “386000,”
relay A8 will be operated and the latter will com-
plete a path from ground on conductor 401
through relays Bi{C and BIE (operated for the
B digit 8) and relays ClA and CIC (operated for
the C digit 6) to cperate relay SKP. However,
since in the second district sort operation relay
SDS is operated instead of relay FDS, the ground
on conductor i€ (traced thereto from conductor
401) completes a circuit for relay ETA, the cir-
cuit thereof being traced from ground on said
conductor 172, No. 2 hack contacts of relay CSK,
conductor {71 within bracket 48, No. 1 contacts of
relay SDS, conductor 237 within bracket 118,
winding of relay ETA o battery. With relay
ETA operated, a circuit is completed for relay
APA extending from ground on contacts C5, No.
36 contacts of relay RSD, conductor 29, No. 4
contact of relay LKI, conductor 33, No. 1 con-

5 tacts of relay ETA, conductors 152 and 152’ and

thence as previously traced to the winding of re-
lay APA. With this relay operated the circuit
will proceed to perforate the entry “386000” on
the tapes of all ten perforators. Also, with relay
ETA operated, an cbvious circuit is completed for
relay ETB, which operates and then locks over
its No. 2 contacts to ground on conductor 33. Re-
lay ETB completes an obvious circuit over con-
ductor 239 for magnet ROT of switch TN to ad-
vance the wipers thereof to their respective ter-
minals 2, at which terminals the switch will be
in the position to check the units digit of the
district number of the entries processed in the
next tape, which should be that of district. “01.”

When relays RS1 and RS2 operate in the man-
ner described to advance the record beyond the
3860007 entry after said entry has been per-
forated on the tape of perforator No. 9, relay ETB
completes the circuit of relay SKP, said circuit

; extending from ground on the No. 1 contacts of
relay ACO, conductor 177 within bracket 176, No.

4 contacts of relay MGI, No. 2 contacts of relay
DF8, conductor {15 within bracket {718, No. 1 con-
tacts of relay RS2, conductor 248, No. 1 contacts
of relay ETB, conductor {72, winding of relay
SKP to battery. This relay operates, locks and
causes the circuit to skip past the splicing pat-
tern in the manner described. With relay SKP
operated, relays RSI and RS2 will be held oper-

5 ated over conductor 102 to enable the reader to

skip past the splice pattern entries. Also, with
relay SKP operated a circuit is completed for
relay DLR, said circuit extending from ground on
the No. 1 contacts of relay SKP, conductor 241
within bracket 49, No. 2 contacts of relay SDS,
conductor 242 within bracket 225, winding of re~
lay DLR to battery. With relay DLR operated
the district frame number record in the assem-
bler will be released and relays DF- locked to the
No. 1 contacts of relay DLR will release and
switch DF will return to normal by a circuit com-
pleted for the release magnet RLS from ground
on the lower springs of the off-normal contacts
DFC and No. 2 contacts of relay DLR.

SECTION IV.—ALARMS

The assembler is provided with suitable alarms
if, within a predetermined time, the reader step
magnet STP is not operated to advance the rec-
ord being sensed unless the predetermined inter-
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val is cancelled by operating requirements con-
tingent upon the record remaining stationary.

' “When key ST is operated and relay ACH is
operated in consequence thereof as previously
described, battery is connected over ifs No. 6
contacts to conductor 243 which extends to the
resistor TM4 and the latter in parallel to re-
sistors TMt and TM?2 which aie connected, re-
spectively, to the upper and lower winding of
polarized relay TM. It will be observed that
the network comprising resistor 244 and the
condenser TM3 is in series with the upper wind-
ing of relay TM. The current through the lower
winding of this relay opposes the current through
the upper winding so that when battery is ap-
plied to conductor 243 and the cireuit is thereby
comgleted to both windings, the currents through
both windings neutralize each cther for the time
it will take to charge condenser TM3. There-
after the current through the lower winding,
being -greater than that through the upper, will
cause relay TM to operate and complete an
-obvious circuit to operate relay AL, which locks
over its No. 3 contacts to ground on the upper
normal springs of key ALCS, lights the lamp
ALM,; and opens ground from the common con-~
tacts C9 supplied to the contacts of the A digit
register. - The value of condenser TM3 and that
of the resistor 244, TM4, THMI and TMZ may be so
chosen as to cause relay TM to operate in any
period ef time after the coperation of relay ACE.
In the present embodiment of the invention, the
values are such as to cause the operation of the
Telay in approximately .35 second after the
closure of the circuit therefor; that is, .25 second
is allowed for a cycle of operation resulting in
the perforation of the line sensed and the ad-
vance of the record being sensed consequent to
the operation of the stepping magnet STP. in
other words, if this cycle of operation takes
leriger than approximately .35 second (or any
other desired period) relay TM operates to bring
in the alarm.

If the cycle of operation takes less; that is,
if the circuit of magnet STP is opencd by the
operation of relay RS{ and the consequent re-
moval of ground from conductor {17 in:less than
the ihdicated time, the operation of relay RS3
from the No. 3 contacts of relay RSI will cause
relay RS2 to apply ground over its No. 3 con-
tacts to the common terminal resistor TM& and
the two windings of relay TM, releasing the
latter, condenser TM3 being discharged in. the
meagnwhile to ground from the No. 2 contacts
of relay RS8 being applicd to conductor 245.
Thus relay TM is recycled for each cycle of
operation of the assembler. If relay TM does
operate, in turn to cause the operation and lock-
ing of relay AL, the latter may be released by
operating the key ALCO.

" As there are several conditions in the circuit
whereby operations occur and the reader is nct
stepped, the circuit is arranged so that on each
of these conditions the circuit of relay TM is
short-circuited and condenser TM32 discharged.
For example, during the beriod when an entry
is being perforated on all ten tapes the reader
is ‘not stepped. Relays SS{, 8S2 and SS3 are
operated as previously described eacin time a
record is perforated on a tape of any one of
the ten perforators. At its No. 2 contacts, relay
S82 grounds condenser 245, thereby discharging
condenser TM3 and causing relay TM tc be re-
cycled.

A similar-operation occurs when ¢hecking ‘the
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marker group and district frame conditions, The
operation of relay MGi or DF{ as previously
described when these two checks are respectively
made will complete the circuit of relay RS3 over
conductor (83 and the operation of this relay
discharges condenser TMS3.

Again, the same operation occurs when relay
APA operates, which, over its No. 5 contacts,
applies ground to conductor {83 to operate relay
RS3, causing the latter to discharge condenser
TM3 and cause the recycling of the operating
period of relay TM.

SECTION V.—~COUNTER

A counter MGC (Fig. 16) is provided to indi-
cate the number of additional times the assem-
bler attempts to perforate 2 record on a perfo-
rator when the digit-check relays do not operate
to step the reader. This condition may ocecur,
for example, in case of a contact failure when
one of the punch magnets of a perforator is. not
operated and, therefore, the checking relay cir-
cuit will not be closed to operate relays RSI
and RS2 and step the reader. When these two
relays do not operate during i,he closed period
of the sensing cycle the reader will make another
attempt, each of which attempts will be duly
registered by the magnetic counter MGC.

When relay ACQ operates as previously de-
scribed battery is applied to conductor 243 and,
through resistor TM4, to the winding of relay
MCi. When, as a result of the operation of the
proper group of cub-in relays PXA ... PXC
is operated and, in consequence thereof the as-
sociated relay PDX operates, ground on the
No. 4 contacts of said relay PDX complstes. the
circuit of relay MCI via conductor 246, back
contacts of relay MC2, winding of relay MCH{
to battery. The latter relay operates and loeks

In series with relay MC8, the latter being short-

circuited by ground on conductor 248. When,
however, relay PDX releases, relay MC2 oper-
ates in series with relay MCi. Now under nor-
mal conditions reiays RS#, RS2 and RS3 will
operate to step the reader if the check relays
operate. When relay RS3 operates, ground on
its No. 3 contacts short circuits relays MCH and
MC2 and they will release. 'This operation is
normal and occurs in every case when a record
is properly read and perforated on -one.of the
perforators.

However, in case the check relays fail to oper-
ate and the reader is not stepped in consequence
thereof, relays MCi and MC2 would be held
operated, and on the next attempt to perforate
the record on the perforator, that is the next

time relay PDX is operated, a circuit is closed

to the counter MGC, said circuit extending from
ground on conductor 248, front contacts of relay
MC?2, both windings of counter MGC to battery.
The counter operates to register the failure to
perforate the record by the same perforator, ahd
the same operation will occur on each such
attempt.

If the record is not successfully perforated and
the reader is not stepped in a period of approx-
imately .25 second, for example, the alarm re-
lay TM will function and stop the cireuit opers
ation. With this arrangement the counter MGC
will give an approximate count of the number of
unsuccessful attempts made to perforate records
on the tapes.

While we have illustrated our invention in 1ts
application to a particular type of recordecon-
trolled apparatus, it should pe understood that
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it is not limited to such application or to the
specific arrangements herein disclosed. It will
be apparent to one skilled in the art that various
applications, modifications and arrangements
other than those disclosed herein are within the
scope of the invention. Moreover, the terms and
expressions employed with reference to the in-
vention and its elements have been used as terms
of descriptions and not of limitation and there-
fore, we have no intention in the use of such
terms. and expressions of excluding thereby
equivalents of the features shown and described
in portions thereof, but, on the contrary, intend
to include therein any and all equivalents and
modifications which may be employed without
departing from the spirit of the invention.

What is claimed is:

1. A device for transferririg record data repre-
sented by perforations in a sheet, comprising a
sensing mechanism for simultaneously sensing a
plurality of positions in a line in the sheet for
perforations, a plurality of receiving devices, and
control means responsive to the sensing of per-
forations in different positions in a line of the
sheet for selectively connecting two or more of
said receiving devices to said sensing mechanism,
and means controlled by said sensing mecha-
nism for operating each of the connected receiv-
ing devices to reproduce the perforations sensed.

2. A record-controlled apparatus comprising in
combination with a record to be sensed, said rec-
ord containing a plurality of entries one of which
includes two digits, a sensing mechanism for
sensing said entries, a plurality of reperforators,
means for connecting any one of said reperfo-
rators to said sensing mechanism whereby the
connected perforator is operated by said sens-
ing mechanism to reperforate an entry sensed,
and means for selecting one of said perforators
for connection to said sensing mechanism in ac-
cordance with the one or the other of the two
digits in an entry which includes said two digits.

3. A record-controlled apparatus comprising in
combination with a record to be sensed, a sens-
ing mechanism for sensing said record including
a plurality of sensing devices which are adapted
to repetitively sense said record, receiving de-
vices, and means responsive to the operation of
said sensing mechanism for connecting said re-
ceiving means with said sensing devices at the
beginning of a repetitive operation only.

4. A record-controlled apparatus comprising in
combination with a perforated record to be
sensed, a- sensing mechanism for sensing said
record and including a sensing pin for each
punch position in said record, a plurality of re-
perforators, means responsive to said sensing
mechanism sensing said record for selecting one
of said reperforators and for connecting the
magnets thereof with the sensing pins of said
sensing mechanism, whereby said magnets are
selectively operated by the sensing pins entering
the perforations of said record, and means for
rendering ineffective two or more of said reper-
forators in the event that the magnets thereof
become connected to the sensing pins of said
sensing mechanism.

5. A record-controlled apparatus comprising in

. combination with a perforated record to be
sensed, a sensing mechanism for sensing said
record and including a sensing pin for each punch
position in said record, a plurality of reperfo-
rators including a stepping magnet and a punch

magnet for each sensing pin in said sensing
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mechanism, a connecting means for each oie of
said perforators, means responsive to said sens-
ing mechanism sensing said record for operat-
ing one of said connecting means whereby the
punch magnets of the associated perforator are
connected to the correlated sensing pins of said
sensing mechanism, whereby said punch mag-
nets are selectively operated by the sensing pins
entering the perforations of said record, and a

circuit. for the stepping magnet of each of said

perforators controlled over said perforator con-
necting means, thereby to operate the stepping
magnet of the perforator connected to said sens-
ing pins over said operated perforator connect-
ing means.

6. A record-controlled apparatus comprising in

combination with a perforated record to be
sensed, a sensing mechanism for sensing said

record including a sensing pin for each punch
position in said record, a plurality of perforators
each including a punch magnet for each sensing
pin in said sensing mechanism, means responsive
to the sensing of said record by said sensing
mechanism for connecting the punch magnets
of one of said perforators to corresponding sens-
ing pins of said sensing mechanism, means for
completing circuit paths between those sensing
pins which enter perforations and the associat-
ed punch magnets in the connected perforator,
and means included in said circuit paths effec-
tive upon the closures thereof for severally ad-
vancing the record being sensed by said sens-
ing mechanism and the record being produced by
said connected perforator. .

7. A record-controlled apparatus comprising

‘in combinaticn with a record to be sensed, said

record including a plurality of entries.each re-
corded by a selective combination of a definite
number of perforations in a row, a sensing mech-
anism for sensing said perforations including a
sensing pin for each punch position in the row
of punch positions in the record, a plurality of
perforators including a punch magnet for each
sensing pin in said sensing mechanism, means
responsive to the sensing of an entry by the sens-
ing pin of said sensing mechanism for connecting
the punch magnets of one of said perforators to
said sensing pins, means for completing circuit
paths between sensing pins which enter per-
forations and the associated punch magnets
whereby said magnets are operated to reproduce
the perforations of the entry, a checking device
included in each of said paths, and means re-
sponsive to the operation of a predetermined
number of said checking devices and only a pre-
determined number, for advancing said record to
the next entry.

8. A record-controlled apparatus comprising
in combination with a record to be sensed, said
record having a plurality of entries each compris-
ing one or more lines, 3 sensing mechanism for
sensing each line of said record, a plurality of
perforators, means responsive to the sensing of
the first line of an entry for connecting one of
said perforators to said sensing mechanism,
whereby the said perforator is operated in re-
sponse to said sensing mechanism to perforate
on 2 tape the line of the entry being sensed, con-
trol means responsive to the sensing of the first
line of the entry for registering the total number
of lines in the entry, means responsive to the per-
foration of the line of the entry on the tape of
the connected perforator for disconnecting said
perforator from said sensing mechanism, and

.means responsive to said control means for re-
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connecting the said perforator to the sensing
mechanism for each line of the entry, whereby
said pricrator reproduces in the associated tape
each of the lines of the enfry as sensed by said
sensing mechanism.

9. A record- controﬂed apparatus comprising in
combination with a  record to be semsed, said
record having a plurality of entries thereon with
each entry sontaining one or more lines with the
first hnn thereof indicating the number of lines
in the entry, a sensing mechanism for sensing
each line of an entry, 2 plurality of reproducing
devices, a register responsive to the sensing of the
first line of an entry for registering the indica-

tion of the number of lines in the entry, means ;

also responsive to the sensing of the first line of
an entry for selectively connecting one of said
reproducing devices to said sensing mechanism,
whereby  said first line sensed by said sensing
mechanism is reproduced by said connected re-
ceiving device, and counting means controlled by
said register for counting each succeeding line
of said entry when sensed by said sensing mech-
anisnr.and for connecting the same receiving de-
vice to said sensing mechanism for the reproduc-
tion by the latter of each of said succesding lines
of said entry.

10. A record~ controllea apparatus comprising
in combination with a perforated record to be
sensed, said record having a plurality of entries
each consisting of a first line and one or more
supplementary lines, a sensing mechanism for
sensing the perforations in the lines of said en~
tries, a plurality of perforators, means responsive
to the-sencing of the first line of an entry for
selectively connecting one of said perforators to
said sensing mechanism whereby said connected
perforator operates to reproduce the perforations
in the line sensed, a counting device responsive
to the sensing of each line of the entry, and means
controlled by said counting device for connecting
the same perforator to said sensing mechanism
for the reproduction of the perforation of the
supplementary lines of the entry.

11. ‘A record-controlled apparatus comprising
in ecombination with a record to be sensed, said
record having a. plurality of entries, a sensing
mechanism for sensing the entriss on said record,
a plurality of perforators, means responsive to
the sensing of an entry for connecting one of said
perforators to said sensing mechanism for the re-
production of said entry by said perforator, and
control means responsive to the sensing of an-
other entry for causing all of said perforators to
be connected in succession to said sensing mech-
anism, whereby said other entry is reproduced
by each of said perforators.

12. A record-controlled apparaius according to
claim 11, wherein said control means responsive
{0 said sensing mechanism sensing an entry ren-
ders ineffective all of said perforators.

13. A record reproducing system comprising in
combination with a record to be sensed, said
record having a plurality of entries of different
character thereon, a sensing mechanism for sens-
ing said entries, a plurality of reproducing de-
vices, and means responsive to said sensing mech-
anism sensing an entry for selectively connecting
one of said reproducing devices to said sensing
mechanism if the entry sensed is of one char-
acter, for connecting all of said reproducing de-
vices in succession to said sensing mechanism if
the entry is of another character, for rendering
all of said reproducing deviees inoperative if the
entry sensed is still of another -character, -and
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c1rcu1ts completed between said sensing mecha-
nism and said reproducing devices as connect°d
to said sensing mechanism for causing said re-
producing devices to reproduce the entry sensed,
and whereby the connected reproducing device
or devices are then operated to reproduce the
entry.

14. A record reproducing system comprising
in combination with a recerd to be sensed, said
record having a plurality of entries of different
character thereon, a sensing mechanism for sens-
ing said entries, a plurality of reproducing de-
vices, means responsive to said sensing mecha-
nism sensing an entry for selectively connecting
one of said reproducing devices to said sensing
mechanism whereby the entry sensed is repro-
duced by said reproducing device, means respon-
sive to said sensing mechanism sensing an entry
of a particular character for rendering ineffec-
tive said selective connecting means, and means
thereafter effective for rendering meffectlve the
sensing of the following entry.

15. A record reproducing system comprising
in combination with a record to be sensed, said
record having a plurality of entries of different
character thereon, a sensing mechanism for
sensing said entries, a plurality of reproducing
devices, means responsive to said sensing mech-
anism sensing an entry for selectively connecting
one of said reproducing devices to said sensing
mechanism whereby the entry sensed is repro-
duced by said reproducmg device, means respon-
sive to said sensing mechanism sensing an entry
of a particular character for rendering ineffec-
tive said selective connecting means, and manu-
ally operable means thereafter eifective for oper-
ating said sensing mechanism to sense ineffec-
tively the entry which immediately follows.

16. A record rep;oduclng system comprising
in combination with a record to be sensed, said
record having a plurality of entries thereon, a
sensing mechanism for sensing said entries, a
plurality of reproducing devices, means respon-
sive to said sensing mechanism sensing an entry
for selectively connecting one of said reproducn'w
devices to said sensing mechanism whereby the
entry sensed is reproduced by said reproducing
device, means responsive to said sensing me ch-
anism sensing an imperfect entry for operatma
each of said reproducing devices to record a
special entry, and means thereafter effective %o
cause said sensing mechanism to ineffectively
sense said imperfect entry. .

17. A record reproducing system comprising
in combmatlon with a record to be sensed, said
record having a plurality of regular entries and
a plurality of special entries, a sensing mech-
anism for sensing all of said entries, a plurality
of reproducing devices, means responsive to said
sensing mechanism sensing a regular entry for
selectively connecting one of said reproducing
devices to said sensing mechanism whereby the
regular. entry sensed is reproduced by -said re-
producing device, means responsive to said sens-
ing mechanism sensing a special entry for con-
necting each of said reproducing devices in suc-
cession to said sensing mechanism for reproduc-
ing said special entry, and means adjustable to
conform to the character of said special eniry
for controlling the connection of said reproducing
devices to said sensing mechanisms, whereby said
connections are not completed if the adjusting
means are not adjusted to conform with the
character of said special entry.

18; A record reproducing system according to
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claim 17 in which a special entry on the record
is disposed ahead of regular entries, and wherein
said selective connecting means are rendered in-
effective if said adjusting means are not adjusted
to conform with the character of the special
entry. :

19. A record reproducing system comprising
in combination with a plurality of records to be
sensed in succession, each of said records having
& plurality of entries including a digital character
specific to the record, a sensing mechanism for
sensing the entries on said records, a plurality
of reproducing devices, means responsive to said
sensing mechanism sensing an entry for selective-
ly connecting one of said reproducing devices to
said sensing mechanism whereby the entry sensed
is reproduced by said reproducing device, and
means responsive to the sensing of the digital
character in each of the entries for rendering
ineffective said selective connecting means if the
digital characters on the separate records do not
follow each other in a predetermined digital order.

20. A record reproducing system comprising
in combination with a record to be sensed, said
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record having a plurality of entries thereon, a
sensing mechanism for repetitively sensing said
entries, a plurality of reproducing devices, means
responsive to said sensing mechanism sensing
an entry for selectively connecting one of said
reproducing devices to said sensing mechanism
whereby the entry sensed is reproduced by said
reproducing device, and means for measuring a
bredetermined time interval during which said
sensing mechanism senses said entry a plurality
of times to effect a reproduction of the entry by
said reproducing device.

WARREN W. CARPENTER.

JOHN W. GOODERHAM.
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