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This invention pertains to recording systems and par-
ticularly to systems in which assembled items of recorded
data are transferred in part directly and in part in trans-
lated form to another more readily utilizable recording
medium. The present system may, for instance, receive
coded information from a punched tape and convert it
so that it may be punched in a card by a commercial
business machine for accounting purposes.

An object of the invention is the improvement of re-
cording and translating systems and methods.

An-example of an improved recording system in which
the invention is presently incorporated, is a system com-
prising, for instance, a tape having a number of sequential
lines, each line having, for instance, a plurality of items
of information, punched or embossed therein according
to a preferred code. The record of a particular trans-
action comprises a plurality of such successive lines.
The perforations or embossings may be sensed in any of
a number of manners, electrically, mechanically or photo-
electrically.. In the present embodiment the sensing is
performed electrically by a device known as a reader,

which senses each line, and all of its several items of

information, simultaneously and the several lines, corre-
sponding to a complete entry of a transaction, sequential-
ly. The several items of information appearing in each
line of the tape are transferred, first to a set of reading
relays. Each horizontal line of the tape may, for An-
stance, have twenty-eight individual positions. The first
group of three perforable positions of the twenty-eight
is called group A. The remaining twenty-five are divided
into five groups of five each, called group B, group C,
group D, group E and group F. Similar nomenclature

‘is employed in designating the .reading relays and the

-groups of the several separate lines of the input register
as well as various signals, alarms, etc. These groups
of relays may be assigned, for instance, to record six
items of information per line. Five of the items, for
instance, may each be recorded in the five ;groups .each
of five adjacent horizontal -positions of the tape. The
sixth item of information may be recorded in the re-
maining three positions of the tape. Thus -the full
twenty-eight units in a horizontal row . of . the tape may
be employed to record say six items of information. A

-complete transaction may comprise, for instance, five

successive lines of tape. At times a complete record of
a different transaction may comprise a different number
of successive lines, such as two, lines of tape. The
items of information perforated or embossed in the sec-
tion of tape. arranged in groups of five may be, for in-
stance, in accordance with an additive two-out-of-five
code, to represent any of the ten digits. ‘This code will
‘be explained in detail hereinafter. "It will suffice at this
point to mention that it comprises five positions numbered
0, 1, 2, 4 and 7. Two tape positions, reading pins, or
relays in each group of five will be perforated, closed or
operated, respectively, to indicate a number correspond-
ing to the sum of the two. Thus 1 and 2 represent 3.and
0 and 1 represent 1. There is one exception which must
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be kept in mind. According to the code 4 and 7 arbi-
trarily represent 0. The sixth itern of information em-
ploying only three adjacent horizontal positions may
employ a code different from the additive two-out-of-five
code such as a one-out-of-three or a three-out-of-three
code to record a more restricted amount of information,
Tt appears only in the first line of the entry for identifica-
tion purposes and will be explained in detail hereinafter. '

The.code impressed in the tape, in accordance with the
present arrangement is transferred through the reader,
which is a well-known device for sensing the perfora-
tions, to. a group of reading relays. There is a reading
relay for each of the twenty-eight positions of the tape.
Each of the twenty-eight reading relays is operated or
released depending upon the perforation or non-perfora-
tion of its corresponding position of the tape. There
is a separate group of reading relays for each item of
information in a line of tape. Thus the six items of
information recorded in a particular line are transferred
individually to six groups of reading relays, five groups
of five relays for each line and one group of three relays
for the first line of an entry only. .

The system of the invention, in addition to the reading
relays, has an input register. The input register is di-
vided into as many sections as the maximum number
of lines.of tape required for a transaction. For instance,
if there are five lines of tape relating to the recorded
transaction requiring the largest number of lines, the
input register will have five sections. In general, each
section of the input register has a relay corresponding
to each reading relay and therefore to each of the po-
sitions in a horizontal row of tape. After each line of
tape is rzad by the reader, and transferred to the reading
relays, it is next transferred to its particular line or sec-
tion of the input register, according to its line position
of the tape in which it is perforated, each line in se-
quence, until all of the lines of tape relating to a par-
ticular transaction have been read and recorded in the
input register.

The pattern of operation and release of each group of
relays in each line section of the input register, wupon
completion of input registration, will correspond with the
perforation or non-perforation of its corresponding sec-
tion of the say five-line tape recording of the transaction.
Thus if, for instance, in the third line of the tape record-
ing a particular transaction, of the five horizontal perfor-
able positions allotted to the last item of the line, posi-
tions 2.and 3 are perforated, relays in the corresponding
positions of the last group of relays of line three of the
input register will be operated. In accordance with the
additive two-out-of-five code, in which values 0, 1, 2, 4
and 7 are assigned to the five positions, respectively, if
positions 2 and 3 of the tape are perforated, the sum of
the digits 1 and 2 assigned thereto is 3. Operation of
the corresponding relays in the third section or line of
the register, last group of relays will also indicate digit
3. If the first and second positions are perforated the
sum of the corresponding digits 0 and 1 is 1, and in like
manner for each two-tape positions of any group of
five positions and for each two corresponding relay- posi-
tions in the corresponding register group of a line, ex-
cept for tape positions 4 and 7 and corresponding relay
positions 4 and 7 of a group of five, the sum of which is
arbitrarily designated as 0 as heretofore mentioned.

It has been stated that certain transactions may be
recorded in fewer lines of tape and such transactions will
employ only the same fewer lines of input register, It is

pointed out however that particular tapes will have per-

forated therein a uniform number of lines for each trans-
Thus while tapes perfo-
rated, for instance, with five-line transactions are being
run, each fransaction therein will have five perforated
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lines per transaction. While tapes employing two lines,
for instence, for each transaction are beign rum, each
eniry in the tape will have two perforated lines per trans-
action and each transaction will be recorded in lines 1
and 2 of the register, while the other three lines of the
input register, lines 3, 4 and 5, will not be employed.

Before the start of registering in the input register, the
entire register is down-checked to insure that each relay
in the entire register is released, or in the down position
as this is called. This is perfoermed by establishing a path
from ground through a break contact, of each relay in
the entire input register, that is to say a contact which is
closed only when the relay is released, as distinguished
from a make contact which is closed only when the relay
is operated, and through the winding of a relay known as
the input register down-check relay to battery to operate
the relay which permits registering in the input register
to start. .

There is another check of the input register to insure
proper registration called the input register up-check.
When the two-cut-of-five code is employed, two and only
two relays of each group of five of the five groups B, C, D,
E and F of a line should be operated. Each group of five
telays which individually cooperate to register a particu-
lar iterh of information is arranged so that if two relays
and two relays only of each group of five are operated,
a path is establishable from ground through the make
contacts of the two operated relays and the break con-
tacts of the three other relays of the group of five and
through a corresponding path through each group of
five relays of a particular line of the register, according to
the particular registration in each group and through
the winding of a relay corresponding to the input register
line to battery operating the relay. This, as is apparent,
does not afford a positive check that the registration ef-
fected of the line is correct, but simply an indication that
it is plausible. As each line of the input register is filled
and before the reader is stepped to read the succeeding
line of tape, the newly registered line in the input reg-
ister is up-checked and its correspondingly numbered line
up-check relay is operated.

If a tape having transactions requiring five lines is being
processed, each of five up-check relays, one for each of
lines 1 to 5-of the tape and of the register, is operated
and, for the sake of simplicity, leaving out of considera-
tion for the present certain refinements, it may be said that
a path establishable from ground through a make contact
of each of the five up-check relays 1 to 5 for a five-line
entry indicates a plausible registration of the entries of
each line of a five-line transaction and controls a relay
which permits the circuit to proceed.

In the case of a transaction requiring only two lines
of tape for a fransaction, when the up-check relays for
lines 1 and 2 of the register are operated, again neglect-
ing certain refinements, the circuit is enabled to proceed
with succeeding functions.

The present arrangement comprises thirty output reg-
isters. A comnsiderable number of the output registers are
arranged to receive certain items of information di-
rectly as recorded in a corresponding number of groups
of relays of the input registers. That is to say, such out-
put registers each comprises five relays designated 0, 1,
2, 4 and 7, respectively, and operate on an additive two-
out-of-five code basis. If relays designated 1 and 2 in
the input register are operated, to identify the digit cor-
responding to their sum, or 3, relays designated 1 and 2 in
the output register will be operated to identify the same
digit 3. )

Other information recorded in various groups of the
relays in the input registers is not transferred directly to
the output registers. It is first subjected to a process
known in the art as translation. That is to say the in-
formation as recorded in the input registers is acted upon
through the medium of the setting of certain groups of
switches and the operation of certain other groups of re-
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lays to change the form of the information as recorded in

~the input registers into a-different form or to add an ele-

ment of information thereto before it is impressed on the
output registers. This will be described in detail herein-
after.

Before information is transferred to the output regis-
ters, the output registers are down-checked to insure that
they are all released. After the information has been
transferred to the output registers the registers are up-
checked to insure that the registration is plausible before
it is used to control the commercial business machine
card punch in the ultimate recording.

In the present arrangement the information received
from the different kinds of tape, that is to say, tapes hav-
ing, for instance, five line entries and tapes having two
line entires, require different sets of output registers, cer-
tain of which registers are common to both and others of
which are individual thereto. The directing of the in-
formaton into the proper registers is performed by relays
under the control of switches which are operated to par-
ticular positions before the running of the tape begins.
Each tape at its head end has certain identifying perfora-
tions which are automatically checked against the switch
settings to insure that the type of tape being run conforms
to the tape expected and the manual settings of the
switches.

The operation of the output registers in turn controls
the punches of a commercial business machine - card
punch. Card punching machines well known in the art
suitable for use with the present arrangement are the In-
ternational Business Machines or IBM, as it will herein-
after be identified, No. 514 and No. 523 Summary Punch.
The present system thus converts recordings on tape to
recordings on a punched business machine card which is
adapted to be processed by other commercial accounting
machines,

The punched tapes which are employed in the input of
the present arrangement may be prepared in any desired
manner to produce the recorded information in the form
of a plurality of coded items per line and a plurality of
successive lines per transaction. There are presently
known in the art a number of arrangements which pre-
pare a record in this form. For instance, in communica-
tion systems and particularly in modern telephone systems
which are arranged for automatic message accounting
there are a number of automatic message accounting of
AMA, as it will hereinafter be called, arrangements, well
known in the art, with which the present arrangement is
designed to cooperate. That is to say it will accept
punched tapes produced by these other well known AMA
systems and convert them so that through the agency of
a connected commercial accounting punch card machine,
the IBM 514 or 523 summary punch, for instance, a
punched record is produced suitable for further process-
ing, such as the actual preparation of a telephone sub-
scriber’s bill or statement or for other purposes such as
for service observing or service operation or maintenance
purposes. o

As will become apparent from the detailed disclosure,
the principles of the present system are not limited in
application in the communications industry nor to use
with AMA prepared tapes in its input. Any tape having
a plurality of groups of coded punchings arranged trans-
versely and in which a plurality of successive transverse
lines are grouped in succession longitudinally to form
a record of a single transaction may be employed. Of
course it is to be understood that the particular swiich-
ing devices employed in the present converter to effect the
translation to supply additional items of information or
to change its form for the ultimate punched commercial
record will depend upon the particular requirements of
the input record. A knowledge of the detailed operation
of the various AMA or other devices employed to pre-
pare the input tape is not required for an understanding
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of the present invention. Thé taps, if desired, could be
prepared by a hand operated perforator.

When & perforated tapé is employed as the input record
it is necessary to splice suceessive sections together. Such
sections will bé perforated in accordance with the codes
of a plarality of preselected multiple digit numbers,
081010 for instance, arranged in séquence. The present
circuit is arranged so that upon encountering a section
of tape so punched, that is to say punched with the
codes of the mutiple digit number assigned to identify
a section of tape containing a splice, the present circuoit
recognizes the number and instead of directing it into
the input register and through the circuit to control a
punching operation, the present circuit responds to a
succession of codes of such numbers perforated in the
tape by operating the machine to as it were skip over
the splice section.

There are other muitiple digit numbers, the perforated
codes of which appear in the tape for special purposes.
They are employed not for controlling the punching of
a card, but for checking and control purposes -and are
not transferred to the registers. Such codes at the lead-
ing end of a tape containing transactions as well as at the
trailing end of a tape are characterized by a succession
of nine lines each having the punched code of a different
assigned six digit number, the first three digits of each of
which six digits number are preassigned, such as 289,
followed by three other identifying digits which though
preassigned vary frem line to line to afford a necessary
check of various items to identify the tape as containing
entries of a particular description, such as the number
of lines to a transaction, or as coming frem a particular
source. During their reception they are checked against
the settings of the preset manual switches to insure that
the present circuit has been properly adjusted to receive
the particular transactions appearing in the tape. The
section of punched tape containing these identifying en-
iries appearing at the leading end of a tape is called
herein the leading tape identity. In a similar manner
the nine lines following a succession of coded transac-
tions, called hereinafter trailing tape identity, each have
preassigned six digit numbers, the first three digits of
which are the same three digits as assigned for leading
tape identity, such as 289, followed by three other identi-
fying digits.

Leading tape ideritity entries and trailing tape identiiy
entries are not directed into the registers. As each line
of the nine lines is received in each instance, if it is
properly coded in the tape and if it corresponds wit
the settings of the switches, it operates one of nine line
relays, line relays 1 to 9, in sequence, meanwhile step-
ping the reader after each line has been found to be
correct. If the entire nine line punched code for leading
or trailing tape identity is found to be correct and the nine
line relays 1 to 9 are operated in proper sequence, the
circuit is conditicned to perform a succeeding function
such as to direct the codes of the first line of 2 transaction
into the inpue ragister in the case of leading tape identity.

The present arrangement will punch either one card
er two cards for a single entry of a transaction recorded
in an input tape depending upon the perforations in the
tape and the setiing of the control switches. That is to
say the present circuit may be set up so as to control
the connected commercial accounting card punching ma-
chine so that, instead of producing the usual single
punched card, an extra punched card is produced from
the single input record of the fransaction if an extra card
is desired for any purpose.

These and other features of the invention may be
learned from the following description when read with
reference to the following drawings which taken together
disclose a preferréd embodiment in which the ihvention
is presently incorporated. )

Figs. 1 to 83 inclusive and Figs. A to H, J and K, all
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arranged as in Fig. 84, disclose the overall circuit of the
invention. '

Fig. 85 is a diagrammatic sketch showing by means
of designated rectangles the relationship of the principal
units of the overall circuit of this invention; Fig. 861is a
diagrammatic sketch showing by means of designated rec-
tangles the relationship of the output circuit particularly
the output registers and the IBM summary punch, por-
tions of the latter being shown in perspective,

Fig. 87 is a diagram of a card which is employed in
the I8M summary punch, which diagram is used im ex-
plaining a full punching cycle as an aid in understanding
the operation of the present circuit; Figs. 88A, 88B, 88C
and 88D are diagrams showing the successive stages in the
movement of a card during a card free cycle of the IBM
summiary punch as an aid to understanding the operation
of the present circuit. .

Fig. 89 is a diagram of a plan view of an IBM sum-
mary punch card, with designations, used to explain the
invention.

With respect to the overall circuit, Figs. 1 to 83, it is
pointed out that it is, taken together, a single circuit unit,
which although certain of its individual figures or groups
of figures may be separately identifiable by function,
the separation into individual figures has been dictated
in general by the necessity for dividing the unitary circuit
into units of patent drawing size. For this reason, at this
point in the text, instead of describing each individual
drawing figure, in numerical sequence, it is considered
that it will be more helpful if the figures are described,
with reference to the overall block diagram of Fig. 84,
some individually but most in groups in relation to the
most important separable functions.

Fig. 1 shows the timing and alarm circuits;

Figs. 2 and 3 show the input register lamp and the lamp
to register connecting relays;

Figs. 4 and 5 show the starting and stopping and other
control keys and relays;

Fig. 6 shows the reader;

Fig. 7 shows the five up-check relays, the 6th line
first group check relay and the single down-check relay
for the input register, the input register ground supply
relay and other control relays;

Figs. 8, 9, 10, 11 and 12 show the interconnecting
relays between the reader relay circuit and lines 1, 2, 3,
4 and 5, respectively of the input register;

Fig. 13 shows the input register lamp keys and the
output register lamp keys circuit;

Fig. 14 shows the skip splice control circuit;

Fig. 15 shows the reader lne step check circuit;

Figs. 16, 26 and 36 show the twenty-eight reading re-
lays comprising a first groun A of three relays and five
groups B, C, D, B and F each of five relays;

Figs. 17, 27, and 37; 18, 28 and 38; 19, 29 and 39; 20,
30 and 40; and 21, 31 and 4! show lines 1 to 5 of the
input register respectively; the two relays at the left in
Fig. 17 are called the entry type register;

Figs. 22 and 23 show the tape selection register;

Fig. 24 shows the output register control circuit in-
cluding the output register up-check and down-chack
relays;

Figs. 25 and 47 show the tape index register;

Figs. 32, 33, 42 and 43 show the set-up switch circuit;

Figs. 34 and 44 show the set-up checking circuit;

Figs. 35 and 45 show the tape identity reading progress
cireutt;

Fig. 46 shows the circuit for controlling the punching
of one card or two cards or the card count circuit;

Fig. 48 shows the start time translator;

Figs. 49 and 50 show the office index and office trans-
lator circuit;

Fig. 51 shows the class translator;

Figs. 52; 53, 54, 55, 56, 57, 58, 59, 69, 61 and 62 show
the output register lamp connector circuit and the output
register relay connector circuit;
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Figs. 63, 64, 65, 66, 67, 68, 69, 70, 71 and 72 together
with Figs. A, B, C, D, E, F, G, H, J and K show the out-
put register circuit;

Figs. 73 and 82 show the punch sequence control cir-
cuit. -

Figs. 74 and 83 show the interconnections of the present
circuit and the IBM summary punch, the details of
which latter are well known in the art. Only such details
of the IBM punch as are required for interconnections
thereto are necessary to an understanding of the present
inventions;

Figs, 75, 76, 77, 78, 79, 80 and 81 show the punch
control circuit. '

The exemplified embodiment of the present invention
as disclosed herein comprises apparatus mounted in prac-
tice in or upon a cabinet or cabinets, a control panel and
a relay rack. The relays and other circuit elements and
the mechanical details of mounting, cabling or other
wiring interconnecting the elements are generally of a
type well known in the art and would readily be devised
by those skilled in the art in accordance with known in-
formation.

The operative apparatus includes a tape reader which
may be such as is disclosed in Carpenter United States
patent application Serial No. 662,280, filed May 1, 1946;
obviously other devices of similar function may be em-
ployed.

Reference to Patent 2,263,291, T. L. Dowey, Novem-
ber 18, 1941, will disclose a punch generally correspond-
ing to the card punch used herein.

The exemplary system disclosed herein is a further
development of a system of machinery and equipment for
automatic message accounting disclosed in a number of
copending applications and granted patents. This ex-
emplary embodiment is more particularly related to two
of that group, first, United States patent to Giroud-Irwin-
Kille-Retallack-Riggs-Strickler No. 2,572,132, granted
October 23, 1951, which discloses means for producing
a message unit summary tape capable of being processed
by the presently described equipment; such tape is dis-
closed diagrammatically in Fig. 73 of said patent with
the exceptions, as stated in column 6, line 44 of said
patent, that no single line entries are normally present,
and that certain index digits are different. Such a message
unit summary tape will control the present equipment,
however, regardless of the source from which it orig-
inated; citation of this specific tape is exemplary and not
by way of limitation.

Toll tapes, message unit tapes, and service observing
tapes, suitable for controlling the herein-described equip-
ment may be and are produced as a part of the output
product of another disclosure of the group, i. e., an
equipment known as a computer and sometimes more
specifically designated as a computer-sorter, because it

may accomplish certain sorting functions, such as is de- i

scribed in the application of A. E. Joel, Jr., Serial No.
101,087, filed June 24, 1949; again this citation is ex-
emplary as similar tapes produced by any means or de-
rived from any source function in a similar manner and
the principles of the invention extend to equivalent var-
iants thereof.

Before proceeding with the descrintion of the detailed
operation of the circuit of the tape to card converter
certain related matters will first be described.

The card which is punched by the IBM summary punch
under control of the tape to card converter is represented
in Fig. 89. The card provides 80 vertical columns and
12 horizontal rows. In the present arrangement only 34
of the 80 vertical columns are employed. An individual
punch magnet is assigned to each vertical column used.
Each of the vertical columns may be employed to rep-
resent a particular kind of information such, for instance,
as the month of the year, the tens or units digit of the
day of the month, the thousands digit of the calling
number, the hundreds digit of the calling number, the
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tens digit of the calling number, the units digit of the
calling number, etc., a separate vertical column being
assigned for each separate item of information. The
quantity of the information, for instance, relating to any
particular vertical column may be represented by the hor-
izontal row of the punched area in the vertical column.
For example, there are twelve months in a year and twelve
horizontal rows on a card. Therefore, a punch in any
particular horizontal row of the vertical month column
will represent a particular month on a preassigned basis.
in Fig. 89 the second vertical column is assigned to rep-
resent the month and a punch perforation in a particular
one of the 12 horizontal rows represents a particular
month according to a predetermined assignment. As
another example consider called office code. Three ver-
tical columns are assigned to convey this information
which appears on the card as a three digit number, the
hundreds, tens and units digits of which appear in col-
umns 25, 26 and 27. Reference to these vertical columns
and to the horizontal level or row number discloses that
the number of the called office code as punched in the
card is 243, the 2 appearing in vertical column 25, the 4
in vertical column 26, and the 3 in vertical column 27.
The calling office code number is arbitrarily assigned to
a particular telephone central exchange office. According
to the arbitrary assignment each office is identified by a
particular three digit number. The number 243 may be
assigned for instance to one of the central switching of-
fices of the Chelsea, New York office.

The values or information indicated by the position of
the punch perforation in a particular vertical column has
a certain flexibility. Any of the ten digits from 0 to 9
may be represented in a particular vertical column by a
punching in a horizontal row opposite the correspondingly
numbered row. In such cases horizontal rows 11 and 12
not be used.. As mentioned above, each of the twelve
horizontal rows may be assigned to a different month.
According to another practice the quantity or the num-
ber represented in a particular vertical column may be
in accordance with a code in which the specific quantity
is indicated by a combination of punchings in two hori-
zontal positions in a single vertical column, according to
an assigned code. For instance, a combination of two
punchings in the same vertical column consisting of a
punching in either horizontal row 11 or 12, called an
overpunch, combined with a punching in some one of the
horizontal rows 0 to 9, called an underpunch, may be used
to indicate a particular item of information such as a let-
ter of the alphabet. This method has been employed in
IBM practice. A variation of this is employed herein in
that the overpunch is omitted and particular digits of the
group 0 to 9 are assigned arbitrarily to represent station
party letters on a party telephone line, such as the letter
M, for instance, in a station identified as 2431M. A
numeral may be assigned to the letter M and other nu-
merals to other party letters. There might be, for in-
stance, only four letters ordinarily assigned to party lines
and each of these would be identified by a punching in a
different one of four arbitrarily assigned horizontal rows
in the vertical column assigned to party. In such case,
the other horizontal rows would not be used since they
would not be required. A fifth number corresponding to
another horizontal row could, if desired, be assigned to
identify a subscriber station which had no party letter,

- and in general the multi-vertical columned card arranged

to be punched at any of a number of horizontal levels
with one or more punches lends itself to the recording of
data according to a number of codes and conventions to
meet a wide variety of needs and conditions.

The present converter transforms and regroups the in-
formation received from the tape by the reader to the
form required on the punched cards which cards are ar-
ranged to expedite further processing by conventional
business machines and practices.

Reference to Fig. 86 shows diagrammatically the rela-
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tionship of the output registers and certain of the im-
portant elements of the well known IBM Summary Punch
Models 514 or 523 indicated =iso in Figs. 73 and 83.

The IBM summary punch has a punch for each vertical
column. In the present arrangement ail of the vertical
columns are not required. There is a punch provided
therefore only for each column that is required. The
punch itself is controlled by a rotary interrupter called an
emitter which contrels the punching of the twelve rows in
succession in discrete steps. The card is stepped into
position so that each horizonta] row is represented to the
punches in turn. The punches are controlied by the emit-
ter and the various output regisiers.

Let it be assumed that when a particular horizontal TOW,
say row 3, is presented to the punch, the information in
the output registers requires that three vertical colunms
are required to be punched and that therefore three of
the punches are to be operated. It may be that the
called party tens digit is 5. It may be that the moath to
be indicated is May to which the number 5 may be as-
signed and it may be that the nureral assigned to a sub-
scriber telephone party letter such as J is 5. The output
registers and punching relays under conirol of the emiiter
will therefore condition the individual punch in align-
ment with each of the vertical rows assigned to these three
particular items of information so that the vertical column
assigned to the called party tens digii, the vertical column
assigned to the month and the vertical column assigned 1o
the called party letter will be perforated in horizontal
row 5. All of the perforations to be made in a particu-
lar horizontal row are made simultaneously, Therefore
each of the punch magnets in the particular vertical
columns which are to be perforated will be energized by
its associated output register, under control of the emit-
ter, when the emitter is in position corresponding 1o hori-
zontal row 5 of the card, so that the punch activates
an individual element called an interposer in alignment
with a single common punch bail so that when the bajl
is operated through an eccentric cam it activates each of
the three interposers, in the example under consideration,
to perforate each of the three mentioned vertical columns
in the horizontal row 5.

As the card progresses, one horizontal row at 2 time,
through the punching mechanism, the different punches
individual to each vertical column will be actuated at the
proper time, under control of the output registers and
punch relays which are connected to particular punches
and under control also of the rotary interrupter or emit-
ter which closes a path through a register to operate the
punch in any horizontal row of the card as determined by
the position in which the output register has been set
by the infoermation fed into it.

Refersnce to Fig. 86 indicates the output registers in
a vertical colnmn at the left. Thirty such registers, four
indicated individually by rectangles and twenty-six by a
single rectangle at the bottom of ths columa, are con-
nected through the punch control and punch sequence
control circuit, indicated by a rectangle, and through
a plugboard or cross connection field, so that any register
may be flexibly connected to any punch magnet. As a
general proposition each register will be connected to a
single punch though a certain few registers are connected
to two or three punches, for instance. A drive motor
drives the punch bail eccentric and the emitter, which is
a rotary interrupter having 14 positions in a cycle, 12 for
the 12 horizontal rows and two indicated as positions 13
and 14 which are passed through between punching posi-
tions on successive cards. No punching is performed while
the emitter or card is in positions 13 and 14. In general,
except in certain special registers, such as the month
register, there are ten leads extending from each register
called the emitier leads and designated E®, E1, E2, F3,
E4, ES, E6, E7, ES and E9. These connect to a sequence
counting circuit the advance of which is controlled by the
emitter. As the sequence counting circuit is advanced
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into each position, such as position 5, it will establish a
circuit through the correspondingly numbered E lzad to
all registers in which it is possible to register a 5. Each
of the cutput registers will previously have been set ac-
cording to its particular code such as the additive two-
out-of-five code. Certain of these registers may be set to
record the number 5. One or more or none may be so
set. Each one in which a five is registered will close a
path through its particular register, and through an in-
dividual path through the punch control and sequence cir-
cuit too operate an individual relay therein for each closed
path through a register recording the numeral 5. Each
punch control and sequence circuit controls an individual
path through the cross connection field to an individual
punch magnet. If it is assumed that three such paths
are closed when the emitter is in position 5, three punch
magnets will be energized and three individual interposers
will be drawn into alignment with their respective puinches.
The punch will be driven through the interposer by the
punch bail under control of the single common eccentric
and the punch drive motor. The card will then be stepped
into the next position where the processes will be repeated.
Thus each card will be stepped to present the twelve hori-
zontal rows of each column tc the punches in turn, {o
be perforated in particular positions as controlled by the
output registers. It is to be understood, of course, that
certain of the registers such as the month register require
more than ten connections and thus show also an 11E
and a 12E lead connections to the emitter. Certain others
such as the subscriber station party register which records
the numeral identifying the party letter will require only
four leads from the emitter one assigned arbitrarily to
each of four numbers to identify each of four pariy let-
ters.

Processing of tapes—general —The manner in which
tapes are processed in the presént tape-to-card converter,
in automatic message accounting in a telephone syster
will now be described, in general, before proceeding with
the detailed circuit description. The tape-to-card con-
verier processes several kinds of tape produced in other
autcmatic message accounting circuits. The tapes are the
product of two other automatic message accounting cir-
cuits known as the computer and the summarizer. The
kinds of tape are:

(a) From the computer:
Toll tapes
Message unit tapes
Service observing tapes
These are all 5-line call entries.

(b) From the summarizer:
Message unit summary tapes
These are 2-line entries.

The operations for a typical call (5-line entry) from
a toll tape are first described; then the operations for 2-
line entries from summary tapes are covered.

The description is divided into four stages:

1. Reading and registering in the Input Registers.
2. Translation.

3. Transfer to the Output Registers.

4. Punching of the card.

Stages 1, 2 and 3 are shown in block diagram form on
Fig. 85. Stage 4 is shown on Fig. 86.

For discussion purposes the following call is assumed.
On May 22nd, a subscriber whose directery number is
CRanford 2-1234 in New J eresy called CHelsea 3-1000
in New York, a different basic numbering plan area.
The CRanford, calling, office index is 1. The call was
answered at 1:25 P. M. and the duration of the call was
five minutes. The CHelsea 3 area index is 1.

The entry for this call perforated in code on the toll
tape is shown in the following table. All of the informa-
tion in this table cannot be related, at present, by the
reader directly to the details of the call assumed in the
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last preceding paragraph, since the information in the sec-
ond and third lines involves translation which will be
made clear hereinafter.

A B o] D B F
Calling Calling Line Numericals
Office
Index -
First Line..o.o._.... 1 1, 2 3 4
' Start T ime Line
Second Line........... 0 2 2 3 5
Called
Area
. Index Iudex Cal]ed Office Code
Third Line.._...___._ 0 1. 4 3
Lalled Line NI umer cals
Fourth Line...__._.__ 0 1 i 0 0
Msg.
Unit _
. Index | Chargeable Time Msg. Units
Fifth Line.....__._._. 0 0. 0 5 [

Had we chosen as an example an entry from a message
unit detail tape, digits representing the number of mes-
sage units would appear in the E and F columns of the
fifth line of the entry, instead of 00 as shown above.

Had we chosen as an example an entry for a completed
call from an observing tape, the arrangement and digits
would be the same as shown above. However, had the
entry been for an unanswered call, the differences would
be as follows: the A digit of the first line would be a 3
instead of the 1 shown; and the fifth line would contain
zeros in all digits since there is no chargeable time for an
unanswered call.

In Fig. 85 the tape is shown stopped on the first line
of the second call entry; therefore, the first call has been
read and is being processed. The characters read are
shown in their proper places in the input and output
registers.

It is to be understood that the tape will be perforated in
accordance with the code to represent the numerals shown
and the register relays will be operated to correspond.

Before describing how this call is processed, the pro-
cedure for starting the machine is explained.

Starting the tape-to-card converter and summary
punch.—Either the tape-to-card converter or the summary
punch may be started independently of the other; how-
ever, it is preferable to start the punch first. A description
of the starting procedure for each machine is given below.

(a) Start of summary punch

Make proper cross connections Fig. 83 for tape
being processed.

Fill punch feed hopper with blank cards.

Empty punch stacker of cards from previous
processing.

Operate power switch.

COperate start key.

© The summary punch may remain in this condmon until

the tape-to-card converter is started.
(b) Start of tape-to-card converter

Set the set-up switches in accordance with the
information on the accounting center assign-
ment form for the tape. -

The scttings of the various switches assumed for the il-
lustrative call are shown below. These switches are shown
in detail in Figs. 32 and 42.

Switch Position
A3 Lo 3 g o S Toll
Marker group_ ..o Te{z]ns I Units

] : 0

Central office :
Thousands_.. - off
Month._..... - T%ns I Ur%its
Last day tens. oo amaeeaas . )
Last day units. oo o maias 4
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Following the sctting of the switches, the tape is fed
into the reader. Operation of the motor start key gives
ground to down-check paths of both the input and output
registers. If this check is satisfied, operation of the ma-
chine start key is effective and tape processing begins.

The first tape entry read is that for splice pattern
for which number 081010 is punched in code in the tape.
This is transferred in code to the reading relays. The
reading relays receive a two-out-of-five up-check. After
this, the two-out-of-five up-check of the remaining splice
entries is canceled; this prevents stoppage of the machine
because of mutilation of the C and D digits by a window
splice. This cancellation continues until an entry other
than 08XX10 is read.

Tape identity follows the splice pattern. When the
first line of tape identity is read, the two-out-of-five check
is restored. The tape identity assumed in this description
is shown on the tape of Fig. 85.

Line 1 of tape identity is read, checked by a two-out-
of-five up-check, passed through the tape type switch of
the converter, and then through the cross connection field
of the summary punch. - This tells the machine that the
tape, the converter, and the punch are in agreement.
The reader then advances the tape to the second line of
tape identity which is checked on a two-out-of-five basis
and compared with the marker group set-up switch.
Lines 5, 8 and 9 are also checked on a two-out-of-five
basis and compared with their set-up switches. Tape
identity lines 3, 4, 6 and 7 are checked for a two-out-of-
five check only.

Processing of detail tapes~—The processing of the first
call entry of a tape differs in some respects from that of
the succeeding call entries. For this reason, and also
because of an overlap in processing, the first call entry
is discussed separately from the succeeding call entries
and the differences in processing are explained.

First call entry—Reading and registering—When the
last line of the tape identity has been read and checked,
the reader advances the tape to the first line of the first
call entry. The machine has already found the input
registers normal and therefore ready to receive the record
of the first call,

To register the content of the first line of the first call
entry in the line 1 input registers, the operated reading
relays are connected to the line 1 input registers. This
is -done by the line 1 input register connectors, which
operate under control of the first line steering relay, if
the A digit of the first line is 1, 2 or 3.

When these connectors cperate, the B to F digits of the
reading relays are registered in the B to F digits of the
line 1 input registers on a two-out-of-five basis. If the
A digit is a 1 or 3, it is registered in the entry type register
on a one-out-of-two basis. (Since for summary tapes
there is oaly one type of record, A digit 2, the entry type
register is not used.)

An A digit of 1 indicates a toll message, a completed

service observing call, or a message unit detail message.
A 3 indicates a non-answered observing call.
. Satisfactory operation of the line 1 input register relays
and the entry type register operates the line 1 input up-
check relay. At the same time, the reader step circuit
of line 1 operates to advance the tape to the second line
of the entry; the line 1 steering relay then releases and
the second line steering relay operates.

When the tape advances to the second line of the entry,
the connectors to the line 2 input registers operate if the
A digit of this line is 0. The B to F digits of the reading
relays are registered in the same way as for line 1.

The A digits of all supplementary lines are not reg-
istered but are used only to control the operation of
the connectors for each line. Advancing the tape, and
steering and coanecting the reading relays to the input
registers of the remaining lines are done in the same way
as for line 2.
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Afte1 thv fifth lme of the ently has been reglstered
and up-checked, the tape. advances to the next line, The
machme expscts 1h1s line to be the first of a new entry
If the reader recognizes an A digit of 1, 2 or 3, dependmg
on the type of call being. processed, the sixth line check
elay operates. . Operation of this relay tells the machine
that the first call has been registered and the first line of
a new call has. been read.

The sixth line check relay compl.,tes the. up- -check cir-
cuit .of the input registers. The up-check circuit then
notifies the transfer. .control that the. input registers are
ready to transfer their. content to the output reglsters
The tape is not advanced uniil. the input registers are
ready to accept the record of the second call,

Translation. —Geneml -——Smce certain dlglts of the tape
mformatwn are in index, or abbreviated, form and’ reg:
1stered as such in the input r;glsters translation is pro-
vided to convert the index to a more useful form before
recording it on. the punched card. For example, a calling
office index, B digit of. first line, of 1 may mean CR 2,
CRanford 2, on. a tape from marker group 00, but.on a

- tape from. marker group -Cl a calling office index of 1
may mean RO 4, Roselle 4.  As such entries are ‘read
and registered, and before they are. transferred to the
output registers, these digits are, passed -to translatmg
circuits. Listed below are the digits.of 5-line call entries
that require translating, together with the names of the
circuits which perform this function.

Digits Frofn Digité Indicate Translating Oircuif:
. o+ Line.{ . o . oo .
_.7.,_;“_ 1 C@lling oﬂﬁ‘céziﬁdex;__ . dalling office translator.
Band C.. 2 | Tens'of a start time_. .| Start-titne translator.
_________ 5 | Message unit indes_ .| Class translator.

Tape index register~~The tape index register has. vari-
ous- functions,. some of which. are described below; the
rest are described at appropriate points. in the text. ..

In the processing of detail tapes, that is toll, message
unit detail, or MUD as abbreviated herein, or.service
observing tapes, part of the information in the input reg-
isters is translated before transfer to the output registers.
However, translation is not used. when processing sum-
mary tapes. The tape index register is provided to.allow
the input registers 1o either be connected to, or to by-pass,
the translators. The tape index register is controlled by
the set-up switches and gives the signal for the type of
control needed.

- Punched cards from toll tapes are used for subscriber
billing; punched cards from message unit.detail and
service observing tapes are used for record and statistical
purposes. To prevent a subscriber from being billed
twice for the same call, each card is punched for either
charge, for toll calls, or no charge, for message unit
detail and service observing calls.

Calling office translator.—To allow the punched cards
to be read directly, the calling office index, that is. the
B digit, line 2, is translated into the A, B and C digits of
the calling office code. The calling office translator and
marker group set-up switches control this translation.

The calling office index of the illustrative call is 1
and the marker group set-up switches are set at 0, C.
The B digit, in combination with this position of the set-
up switches, results in an office code ABC of 272, rep-
resenting CR 2, Cranford 2, which is the calling office.
- Start time translator—The start time line contains three
parts, day, hour -and .minute, derived by the computer
from the calendar day (from tape identity), the last re-
corded hour, and the answer time entry of the assem-
bler output. tape. Each of these items needs two dig-
its, tens and units, making a total of six digits. -Since
the A digit of a supplementary line must be -0, the six
dlglts of the start time line must be fitted to the five re-
maining spaces. A 2-digit code is used for the tens digit
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of the three parts. The 2-digit, B and C code and the umt
digits, D, E and F, of the day, hour and minute are the
5-digit entry of the start time line. These.are shown in
the second line of the input registers. The sfart time
translator translates the 2-digit code into the tens digit
of the day, hour and minute.

The start time line of the illustrative call is

B C D E F
2 7 2 3 5

The 2-digit code, BC, is 27. When translated, the three
tens digits are 2, 1 and 2, which with the units digits, DEF,
form the 22nd day, thé 13th hour and the 25th minute.

Class translator—Since many types of calls are prog-
essed by the tape-to-card converter, each card is marked
by the class translator with an AMA class number. This
number indicates the type of tape from which the cards
were derived, and the class of treatment required iy the
card processing. A list of the AMA class numbers and
the corresponding types of detail tapes is giveit below.

AMA Class Number> Type of Detail Tape

Toll..

-| Observing, Answered (‘Coll or MUD),
Observing, Not Answered.

Obcerung, Cancel Charge (Toll or MTUD).
Message Unit Detail.

Since toll and MUD tapes edch centain only one type
of call, the class” translator is controlled directly by the
tape index register. However, when service observing
tapes, which contain three types of calls, are processed,
the class translator is controlled by the combination of the

A’ digit of the first line of the entry, the B digit of the

fifth line, and the tape index register.

Transfer of information to output registers.—When the
reader finds a good registration in the first line of the
next entry, the sixth line check circuit operates. This
circuit tells the output register control circuit to go ahéad
and transfer the information in the input registers and
translators to the output regisers. The transfer takes
place as soon as the input registers and translators arc
filled and the cutput registers are cleared of the previcus
call. The two sets of registers, including the translators,
keep the information registered in them uatil a check
circuit tells the input side to release.

The 30 sets.of output registers are shown in Figs. 63
to 72. Not all of these registers are used for all detail
calls. Some of the registers are never used when sum-
mary calls are processed.

Description of output registers—A brief description
of the output registers and the information they receive
for a 5-line entry foliows.

Calling office codz registers—The calling office index
goes through the tape index register to the calling office
translator. The marker group from the marker group
set-up switches joins the calling office index in the cali-
ing office translator.. These twe, after translation, form
the three digits A, B and C of the calling office cods,
which is then registered in the calling office code ocutput
registers.

The calling office index for the exaraple is 1. This num-
ber and the marker group information from the marker
group -set-up switches aré translated into 272. These
three digits are now registered in the calling office code
output registers, and represent CR 2.

Calling line numericals regzsters —The calling line nu-
mericals input registers give their information to the
calling line numericals output registers, as shown in Fig.
8s.

Start time registers—The B and C digits of the start
time registers are translated into three digits by the start
time translator. These three then go to the answer day
tens, answer hcm tens, ,and answer minute tens of the
start time output registers. The D, E and F dxglts of
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the start time input registers are passed unchanged to
the answer day units, answer hour units and answer min-
ute units of the start time output registers.

Fig. 85 shows the start time input registers containing,
for the illustrative call, 27235. The B and C digits, 27,
are translated and registered in the output registers as
212; meanwhile the D, E and F digits 235 are transferred
without change to the output registers. Thus, the start
time is registered as 212235, This represents an answer
day of 22, an answer hour of 13 and an answer minute
of 25.

Area index and called office code registers—Both the
area index and the called office code cutput registers re-
ceive their information from similarly named input reg-
isters.

As shown in Fig. 85, the area index for the example
is assumed to be 1. The called office code is 243 for
CH 3.

Called line numericals and station registers—The called
line numericals may be transferred as three digits, four
digits with or without a station party letter, or as five
digits. The called number index in the input register
tells the output registers which it shall be, by controlling
(in the output register control) the output register con-
nectors. The table below shows the called number index
and the corresponding operated output registers for the
different kinds of called line numericals.

Called Called Line Numericals
Kind of Called Line | Num- o
Numericals ber

Index { 8STA | TTH | TH{HN | T | U
3 Digits ... 0 0 0 0t X | X| X
4 Digits, No Station.__ 1 0 0] X XXX
4 Digits with Station. . 1 X 0f X X X |X
5 Digits.. .. 2 0 X X X XX

hX indicates an operated register whose output will result in 2 punch in
¢ 8 ic:gg(iicates either an unoperated register or one that will not cause a
card punch.

The sample call, Fig. 85, has a called number index
of 1 and called line numericals of 1000 without a party
station letter in the input registers. This information is
transferred to the called line numericals output registers
as 1000 and the no station relay is operated in the sta-
tion register.

AMA class register—The AMA class register gets its
information from either the tape index register, the class
translator, or both. The table below shows the AMA
class numbers and the corresponding types of detail tape.

AMA Class Number Type of Detail Tape

Toll,

Observing, Answered.,
Observing, Not Answered.
Observing, Cancel Charge.
Message Unit Detail.

‘The tape type switch, for the example shown in Fig.85,
is set on toll. The tape index register now knows that
a toll tape is being processed; therefore it tells the AMA
class register to register an O——-the class number for a
toll tape.

Chargeable time registers—The chargeable time reg-
isters get the time from similarly named input registers.

The time reglstered is punched for all detall calIs, egven -

when the time is 00.
The time of the sample call is five minutes.
fore Fig. 85 shows 05 minutes in these registers.
Message units registers—The message units registers

" There-

get the number of message units from input reglsters of -

the same name. If the input registers have 00 message
units, the output registers remain empty.

Fig. 85 shows that the message units output registers
are empty because the input registers have 00 message
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units, so for this call the message units columns of the
card will not be punched.

- Month register—~—The month is passed from the month
set-up switches to the month register. The month in the
register may be the same month as that shown on the
switch settings, or the following month. The latter is
registered for calls that are made after midnight of the
last day of the period, Except for this interval, the same
month as that shown on the set-up switches is registered
in the month register.

The sample call was made on May 22. Therefore the
set-up switches are set for a month tens of 0 and a month
units of 5. When this information is passed the month
May appears in the register.

Overpunch register—The tape index register tells the
overpunch register to register either 11X or 12Y. 11X
indicates “charge” for a toll tape, while 12Y indicates
“no charge” for message unit detail and observing tapes.

The sample call of Fig. 85 is a toll call; therefore
11X is registered in the overpunch register.

Unused output registers—An up-check of all output
registers is needed before processing can continue. Since
the information transferred from input to output does -
not necessarily fill all output registers, grouping relays
are used to take the place of those output registers not
operated. The grouping relays provide an alternate path
for the up-check circuit through the unused output reg-
isters.

In Fig. 85, the sample call leaves the message units
output registers empty. To complete the up-check path
through these registers the no message units grouping
relay, designated NMU in Fig. 62, is operated. This
relay directs the up-check path over the normal down-
check path of the message units registers, and then back
to the regular up-check path to provide a continuous cir-
cuit to operate the output register up-check relay RUC,
Fig.24.

The case of the station and ten thousands registers
is different. Here, one relay operated in the station reg-
ister and none in the ten thousands register, or none in
the station register and two-out-of-five in the ten thou-
sands register, will provide a path for the up-check. The
sample call shows the station register filled by the no
station relay, which has no output to the IBM punches.
The ten thousand register is empty. . These conditions
are needed to provide the up-check path.

Operation of output registers—As previously de-
scribed, the output registers are filled from the input reg-
isters and translators. This transfer of information takes
place when the output register connectors operate. How-
ever, before the output register control can tell the con-
nectors to operate, the input side must be filled and the
output side empty.

After the transfer the output registers are up-checked.
Then :they tell the output register control to release the
connections between the input and output sides, But the
input register relays do not release immediately. They
wait -about 75 milliseconds to make sure that the output
registers have locked up, If after this interval all the out-
put registers are still locked up, the input registers are
told that the transfer was successful and they release.

The input registers never get the signal to release if
any output registers release during the timing cycle. In-
stead, the machine stops and an alarm sounds.

The output register up-check tells the punch sequence
control to start punching a card when the output registers
are filled. The card is punched—a row at a time—auntil
all twelve rows are punched, When this is finished, the
-output registers are told to release and be ready for the
‘next transfer.

Card punching—General —When - processing toll,
MUD, and observing tapes a separate card is punched
: when processing summary
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try.” These cards are punched by the IBM summary
punch from the information in the output registers of the
tape-to-card converter. Fig. 89 shows one of these cards
punched for the typical call previously described.

Card column assignment.—The assignment of the sepa-
rate items to columns is controlled by cross connections
on the cross connection field Fig. 83 of the IBM summary
punch; a typical assignment for use in processing “re-
corded messages” follows:

Card Column Number Toll, MUD, and Observing Tapes

Collate Month.

Mionth.

Answer Day Tens.

Answer Day Units.

Called Line Numerical Ten Thousands,

Called Line Numerical Thousands,

Called Line Numerical Hundreds Plus
AMA.,

Called Line Numerical Tens.

Called Line Numerical Units.

Check Punch.

Calling Office Code.

Calling Line Numerical Thousands.

Calling Line Numerical Hundreds Plus
Non-Billing.

Calling Line Numerical Tens.

Calling Line Numerical Units.

Called Station Letter.

Answer Hour Tens.

Answer Hour Units.

Answer Minute Tens.

Answer Minute Units.

Area Index.

Called Office Code.

Chargeable Time Tens.
Chargeable Time Units,
Class.

Billing,

Message Unit Tens.
Message Unit Units,

In the above table the items “not” marked with an asterisk

15¢c the single punch decimal code. The items marked
with an asterisk {(*) are special and are described
below.,

*I—collate month~—This column is used with the
month column to permit month sorting to agree with
TBM methods. Japuary to June are punched 1 to 6 re-
spectively. Punches for July through December are not
required in the collate month column for sorting—a
punch is made in the zero row for these months for
checking.

*2—month.—This column is punched on a modified
decimal basis. It differs from other one-punch decimal

columns in having two additional rows—12 for January !

and 11 for February.
0tof.

*7—called line numerical hundred plus AMA.—This
is a split column. A punch is made in row 11 for cards
originating in an AMA accounting center to distinguish
them from cards made from operator tickets, for example.
The called line numerical hundreds is punched 0 to 9.

*10 check punch.—Only row 9 of this column is used.
This punch position is in the last horizontal row and is
made when a satisfactory check has been made that all
punch relays have operated. This checking operation
and a sensing check will be explained later.

#16—caliing Iine numerical hundreds plus non-bil-
ling—This is a split column. A punch in row 12 is made
on the cards not to be used for billing—as in service ob-
serving records, for example., Each card has either this
punch to indicate non-billing or a punch to indicate
billing in row 11 of column 49, as mentioned below.
The caliing line numerical hundreds is punched 0 to 9.

#19-—called station letter—Positions 1, 4, 9 and 6
represent station letters J, N, R and W respectively.
Note that these assignments do not correspond to the
dial letter plate, They are chosen to correspond to the
IBM code for printing letters.

#49-—billing—Only row 11 of this column is used

March to December are punched
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and, as indicated under column 16 above, cach card has
either a 12 punch in column 16 or an 11 puanch in column
49, All “billing” cards are punched 11 in column 49.

Hach punch relay P, Figs. 75 to 81, has a check punch
relay CP in series with ir. The contacts of the check
punch relays are grouped through cross conaections in
the cross connection field to cause a check punch in col-
umn 10 of the last position, that is row 9. An unoper-
ated check punch relay which should be operated thus
prevents the check punch being made. Check punch re-
lays which are unoperated because the corresponding
oufput registers are not used are shunted by other re-
lays.

The check punch is an indication of a satisfactorily
punched card. Without it, the card cycle is not com-
pleted and the output registers cannot release. This
punch in row 9 is a check that ail the proper punch re-
lays are operated. It is “not” a check that the proper
punches are made in the card.

Succeeding call entries—Whereas the converter checks
to be sure that both input and output registers are empty
before the processing of the first entry of a tape can
begin, the processing of the succeeding entries is done
differently. It is performed as an overlapping action.
The reason for overlapping is that the reader can read
5-line entries faster or at 180 per minute than the punch
can punch cards or at 100 per minute. Therefore the
output register control must delay the transfer of a new
entry just registered in the input until the output registers
have cleared the previous entry.

For all but the first entry, the processing is as follows.
As soon as the transfer of information to the cutput reg-
isters is successful, the input registers release. The cut-
put registers go ahead and send the information from this
entry to the summary punch to be punched on a card.
Before the card is completely punched, the input registers
take the next entry from the reader and wait with it until
the cutput registers release after finishing with the old
entry. Then the next transfer takes place and when it
is complete, the input registers are told to release and
get ready for another new entry. Meanwhiie the out-
put registers go ahead with the processing as before.
The processing of two different entries at the same time
in the input and output registers on an overlap basis
continues until the trailing end of tape paitern is reached.

Window pattern—When a window entry, that is
287020, is read, a two-out-of-five check is made on the
B to F digits and a one-out-of-three check on the A digit.
After the checks are made, the tape advances to the next
line which is splice pattern. Splice pattern is read,
checked, and causes skipping of the splice entries that fol-
low. Another window entry, 287020 follows the last
splice entry of the window pattern. This stops the
skipping action and advances the tape to the next line.

Trailing end of tape pattern—Tape identity.—The
trailing end tape identity is checked in substantially the
same way as the leading end tape identity.

Skip splice and splice patiern—Skip splics, 2860X¥,
follows the last line of trailing end tape identity. The
B to F digits of this line are checked on a iwo-out-of-five
basis and the A digit on a one-out-of-threc basis. The
tape then advances o the next line which is splice pat-
tern, and again skips through the reader.

When the reader comes to the end of a tape it finds
mutilations of the digits cansed by tape cuiting. These
mutilations bring in the short alarm and stop the reader
meter. Operation of the alarm cut-off key siops the
alarm. The motor start key is then operated and the
tape is stepped out of the reader by either the tape feed
or the reader step key. Operation of the end of tape
key releases the converter circuit.

When the last call entry is punched on a card, the
summery punch stops. The last card and the card pre-
ceding it remain in the punch unit mechanism. These
cards are discharged into the punch stacker by operating
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the summary punch start key for two card cycles. Fol-
lowing this, the power switch of the summary punch is
moved to the off position, causing release of the circuit.

Reading and registering—When summary tapes are
processed, only the first and second line input registers
are used. The position of the tape type switch prevents
the third, fourth and fifth line input register connectors
from operating.

As previously mentioned, the A digit of the first line
of a summary entry is not registered. The B to F digits
of this line, however, are registered in the same way as
for detail type entries.

The up-check of the first line of the summary entry is
through the B to F digits recorded in the input registers
and a summary tape relay. From this point on, steering,
recording and up-check of the second line are done in the
same way as for the second line of a detail type entry.

Operation of the up-check relays of lines 1 and 2 sig-
nals the transfer contrel that the input registers are
ready to transfer their content to the output registers.
The tape advances to the first line of the next entry and
remains there until the input registers are again released.

Translation—Tape index register~~The same as de-
scribed for detail calls.

Calling office translator—The calling office code is de-
termined by the positions of the marker group and central
office set-up switches. Since the records of a summary
tape represent one central office, the code does not change
during processing.

Transfer of information to output registers.—The trans-
fer of a summary entry from input to output registers
is similar to that of a 5-line entry but simpler. When
the two lines of the eniry are registered in the input
registers, and the output registers are cleared of the
previous call, the output register control circuit goes
ahead and transfers the information to the output
registers.

Some of the registers record different information when
processing summary tapes than they do when processing
5-line entries. In addition, some of the output registers
are not used at all.

Description of output registers—A description of the
output registers which are used and the information they
receive for a summary entry follows,

Cualling office code registers—The entire tape originates
in the same central office, so the central office set-up
switch is set to correspond to the calling office index.
This controls the calling office translator to form the
calling office code as described for detail calls.

Calling line numericals registers—The same as de-
scribed for detail calls.

Summary registers.—The answer minute tens, answer
day units, answer hour units and answer minute units
of the start time registers are used to register the sum-
mary message units. The registers when thus used are
called summary thousands, summary hundreds, sum-
mary tens and summary units. These registers get their
information directly from the C, D, E and F digits of the
secend line of the input registers,

Last day registers—The last day tens and the last day
units registers are employed. These registers are used
as chargeable time tens and chargeable time units when
5-line entries are being processed.

The registers are filled from the setting of the last day
tens and last day units switches.

Month register—The month is passed from the month
set-up switches. For summary tapes the month registered
is always the same as that on the month set-up switches.

Overpunch register—The message unit index, B digit
of the second line of a summary entry, tells the over-
punch register whether to register 11X or 12Y. 11X is
registered for exactly 1000 message units, while 12Y is
registered for less than 1000 message units.

Unused output registers.—As in the processing of 5-
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line entries, a summary eniry cannot be completely proc-
essed until all output registers are upchecked. In this
case the tape index register relay which is in the operate
condition by-passes the output registers that are never
used for summary entries.

Card column assignment—A separate cross connec-
tion arrangement is used for summary entries. A typical
assignment of the items to columns for summary entries
follows:

Card Column Number Summary Tapes

Collate Month.
Month.
Sumjr\uary Hundreds.

AMA,
Check Punech.
Calling Office Code.

Calling Line Numerical Thousands.
Calling Line Numerical Hundreds Plus
Under 1000 Message Units.
Calling Line Numerical Tens.
Calling Line Numerical Units.
Summary Tens.
Summary Thousands.
Summary Units.
Last Day Tens.
_{ Last Day Units.
1,000 Message Units.

In the above table the items not marked with an asterisk
use the single punch decimal code. The items marked
with an asterisk are described below.

*1—collate month and *2—month. —The use of these
columns is the same as for recorded messages.

*7—AMA.—The punch in position 11, for cards
originating in an AMA accounting center to distinguish
them from cards made from operator tickets, is the only
punch in this column. - The underpunch portion is un-
assigned.

*10—check punch.—The use of this column is the same
as for recorded messages.

*16—calling line numerical hundreds plus under 1000
message units.—This is a split column. The calling line
numerical hundreds is punched 0 to 9 in the underpunch
position. The overpunch position 12 indicates that the
summary is under 1000 message units. Each summary
card has either a 12 position punch in column 16 or an 11
position punch in column 49,

*49—1000 message units—A punch in position 11 of
this column is used to indicate exactly 1000 message units.
The underpunch positions are not used.

Keys and functions—The functions of certain of the
important keys shown in the converter circuit, which will
be described in detail hereinafter, are presented here for
ready reference.

Key Funetion

Retires external alarm.

Starts reader motor.

Restores circuit to normal after tape runs
out of reader following skipping of last
splice pattern.

Temporarily shuts dewn machine but
allows calls being processed to be com-
pleted.

Starts machine processing.

Advances tape to the next line. It is
effective only when start eireuit is
released and reader lamps key is oper-
ated.

Removes lock from input registers.

Remaoves lock from output registers.

Feeds tape into reader.

Releases tape section vegister by vestoring
tape section selector to mormal. This
key is operative only when circuit is
stopped or in an alarm condition.

Advances tape section sclector one step
for each key operation.

Restores entire circuit to normal when
operated in conjunction with Machine
Release key.

In an emergency, stops reader motor and
removes battery supply from reader
step magnet.

Alarm Cat Off ... ___.____
Motor Start....
End of Tape. ... .o oeeoaan

Machine Release_ ...

Machine Stavt_, ... .-
Reader Step. .o ooooooeonan

Input REGRLS._ _..__._.__.
Qutput REGRLS..__.
Tape Feed
Tape Section Release

Tape Section Reset___._______

Master Release. - wacuooaoo

Emerg. Motor Stop..-eceo_-
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Key Function

Emerg. Reset. ... __._ Allows processing to continue upon
- restoration of power after failure.

Permits machine to continue processing
alter a tape identity check failure.

Lights the Thousands, Hundreds, Tens
and Units indieating lamps for sum-
mary entries. In addition, the Under
1000 MU Y lamp will light if there are
under 1000 message units in the sum-
mary or the 1000 MU X lamp will light
if there are 1000 message units in the
summary.

On detail calls, lights the indicating
lamps for AMA Class, minute tens
and units of chargeable time and tens
snd units of message units, In addi-
tion, the Charge X lamp will light for
calls on which charges apply or the No
C%llarge Y lamp will light for no charge
calls.

Tape Indent. . . . _________

Summary...._._ ...

Chargeable Time MU and
Class Key.

Fig. 87 shows portions of three cards arranged to indi-
cate a punching cycle. The cycle is separated into 14 dis-
crete time units, the first numbered 14, which is a unit
interval between successive cards, then 12, which is the
interval alloted to punching the top row on a card, fol-
lowed by 11, then 0 to 9 and then 13. Interval 13 is the
last interval. During the interval numbered 13 the card
moves out of the machine. Interval 13, like interval 14,
is not a punching interval.

The cycle time for a single horizontal row may be, for
instance, 43 milliseconds. The cards are stationary during
the punching operation and move one-quarter inch be-
tween punch positions. Positions 13 and 14 are for pro-
viding clearance between cards. It may require, for in-
stance, 600 milliseconds for moving the card through the
14 positions.

Refer now to Figs. 88A, 88B, 88C and 88D. Four
feed cycles are required for one card to progress from
the card hopper through the punch positions into the
stacker of the IBM machine. The positions of the cards
at the end of each one of the cycles one to four are in-
dicated in Figs. 88A, 88B, 88C and 88D, respectively. In
Fig. 88B card 1 cleses a pair of contacts, not shown,
which centrol the continuous operation of the machine.
The first two cards, card 1 and card 2, must be manually
controlled by a double operation of the start key until the
cards are in the positions shown in Fig. 888. When the
first card leaves its position an electrical check is made
that there is at least one hole in each employed vertical
column and that none other than those specified is double
punched. This check does not detect a punching in a
wrong position of a column. The summary punch is
equipped to check thirty columns for double punch or
blank columns. In the tape-to-card converter columns 76
and 77 assigned to message unit tens and msssage unit
units are not checked for double punch and blank columns.
These columns are used only in service observing and do
not affect billing. Columns 5, 6 and 19 assigned to cailed
line numerical ten thousands, called line numerical thou-
sands and called station letter are not checked for blank
columns as certain tape entries do not contain these par-
ticulars and thus certain cards would not be punched in
these columns.

The normal speed of the converter is .3 second per card
and the maximum speed of the punch is .6 second per card.
Therefore the converter circuit must normally wait for the
completion of the card feed cycle. The punch signals
when the card feed cycle is completed.

The tape to card converter circuit is designad to accept
the foliowing tapes.

. A toll tape from a computer.

- A message unit detail tape from a computer.
. An observing tape from a computer.

. A detail tape from an assembler-computer.

. A summary tape from a summarizer.

R R S
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in tapes 1, 2, 3 and 4 and in addition on tape 4 to punch
an additional card, on toll and message unit detail mes-
sages which are marked for cbserving. When processing
summary tapes, listed as number 5 above, a card is
punched for each summary entry.

Functions—To read each line of the input tape.

To check edch line for ome or three perforations in
the A digit, and two in each of the B, C, D, E and F
digits.

To check the advance of the reader drum.

To recognize and skip splice pattern.

To recognize and check the tape identity on the leading
end of each section of the tape.

To recognize and check the tape identity on the trailing
end of each section of the tape.

To check for consecutiveness and count the sections
of the summary tape.

‘To accept detail tapes from the compuier or assembier
computer, observing or message unit detail tapes from
computer or summary tapes from the summarizer.

To accept summary tapes on a ilexible processing pe-
riod basis.

To check that the set-up switches are not changed
after processing of tape has started.

To steer each line of either the five line entries or two
line entries to the corresponding input register.

To connect and register on a two-out-of-five basis all
lines of any one good call entry in the input registers.

To check that all input registers are released before
steering to them.

To check that one or three of the A digit register
relays are operated and that twe-out-of-five relays of the
B, C, D, E and F digit registers of all lines are operated
before allowing the circuit to proceed.

To translate calling office information from office index
and marker group to an arbitrary flexible three-digit code.

To translate information from two tape digits to
three digits of start time.

To derive, from tape and set-up switches, o distinguish-
ing number for each type of detail call to punch on cards.

To punch two similar cards from the same call in-
formation in certain cases.

To punch the next month on the card for a call made
after midnight on the last day of the month,

To translate from the tape information the called sta-
tion or party.

To transfer information from input registers and trans-
lators to output registers between IBM punch cycles.

To check that output registers remain operated before
releasing input registers, and to prevent passing the same
input information to cutput registers a second time un-
less two cards are required.

To check that the correct output registers are operated
and that the correct number of relays in each register
are operated.

To check that all output registers are released before
filling them.

To store complete information in output registers be-
fore attempting to punch a card and to provide regisiers
for the following information:

. Calling number.

. Answer time, day, hour and minute or summary.
Called area.

AMA class.

. Called office and number.

Charge time or round or last day.

. Message units.

. Month.

. X and Y punches.

To check that the circuit advances within a required
time limit.

To control an IBM miachine so as to perforate a series
of IBM cards in accordance with information set up for
each card in an output relay register, at a speed of ap-
proximately one hundred cards per minute.

R RN - T N TN
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During the punching of each IBM card, to check that
the right circuit paths for the functioning of the punch
magnets of the IBM machine have been closed at the
proper time to insure complete perforation on the IBM
card of all information set up for that card on the out-
put register relays.

To provide for directing twelve equally spaced circuit
breaker pulses from the IBM machine so as to cause the
punching, one row at a time, of the correct punched
hole information for a multiplicity of columns of the
IBM card.

For the punching of each row of holes, to complete
the connection of the circuit breaker lead to the correct
punch magnet windings before the circuit breaker of the
IBM machine closes to operate the punch magnets.

To check that the circuit breaker pulses of the IBM
machine are in synchronism with the circuit breaker pulse
directing circuits of the converter.

To prevent checking the first line of tape identity,
and in so doing stop the machine and operate the alarm
if an attempt is made to process a summary tape using
the IBM cross connection field or plug board as it is
called wired for detail calls and vice versa.

To stop the machine after punching of the card in
progress and to operate the alarm when any of the fol-
lowing trouble conditions occur.

The non-completion of any of the operations and
checks mentioned in the above functions.

The stacker becomes filled.

‘Any one of the fuses of the IBM machine is operated.

The Stop key of the IBM machine is operated.

To stop without an alarm but with an indicating lamp
when the punch blank card feed hopper is empty.

To stop without an alarm but with an indicating lamp
when double punch, or blank column, or comparison
stoppages of the punch occur.

Description of operation—General description—The
following is a general description of the circuit operation
when processing a detail tape, assuming that toll entries
are being processed.

The set-up switches are set for processing a detail tape,
with the marker group, month and last day switches set
to agree with the identity of the tape to be processed.

The reader is started by the operation of the Motor
Start key. The tape is fed into the reader and cards
into the punch. The Machine Start key is operated.
The tape identity is checked with the setting of the set-
up switches.

The five lines of each call entry are read successively
and the B, C, D, E and F digits of each line are re-
corded in an input register exactly as read.

The infoermation recorded on the set-up switches and
on the input registers is used to control the operation of
the output registers. Some of these output registers are
operated directly under control of the input registers,
these include the registers for recording the calling num-
ber, the called area, the called office, the called number,
the elapsed time and the units digits of the day, hour and
minute. Other output registers are operated under con-
trol of translators which in turn are controlled by the
set-up switches and input registers, these include the
meoenth, the calling office, the called station (party letter),
and the tens digit of the day, hour and minute.

As scon as the output registers are operated they lock
up and are ready to control the punching of a card. The
input registers are then released and are ready to receive
the next entry on the AMA tape. The output registers
control the punching of a card and while this is in
progress, the AMA tape is advanced and the five lines
of the next call entry are read and recorded in the input
registers. As soon as a card is punched, the output
registers are released and are ready for operation on the
next entry. This overlapping process continues to the
end of the AMA tape with the punch operating at its
maximum speed of one hundred cards per minute and
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the AMA tape advancing in spurts of five lines at a time.

The circuit operation when processing a summary tape
is somewhat simpler than that described for processing a
detail tape in that each AMA tape entry consists of only
two lines and much less information is punched on the
card.

In case an eatry for a toll or message unit detail mes-
sage on a detail tape is marked for observing, two cards
instead of one are punched, the second card being for
the service observing record. This requires a second
punching cycle for the second card with a consequent
delay in releasing the input registers and recording the
next entry.

Checks arc made for the proper number of relays op-
erated for each digit of the reading relays and input and
output registers, for the proper number of lines in an
entry and for the locking up of the output registers.
When the input or ouiput registers are released, checks
are made that all relays are normal. While a card is
being punched, a check is made that the circuit is closed
to the punch control relay of each cclumn that is sup-
posed to be punched. A check punch is made on a card
only if all of the above checks are satisfied. If any
checks are not satisfied the circuit blocks and brings in
an alarm.

The reader—General—The function of the reader is
to read the perforated information on the AMA tape,
to control the advance of the tape, and to provide vari-
ous closures for controlling the circuit,

The reader assembly is positioned on the guide tracks
of the reader mounting and pushed into place so that
the multi-contact plug on the reader assembly makes
contact with the multi-contact jack on the reader mount-
ing. This grounds the common side of all of the con-
tacts and extends the individual contacts into cther parts
of the circuit. The winding of the Step magnet of the
reader is also conuected into the circuit. The. alternat-
ing-current supply is connected to the reader motor by
means of a cord.

The AMA tape is about three inches wide. The in-
formation on the tape is represented by embossed per-
forations. There are twenty-cight positions across the
tape in which perforations may occur. These positions

. are spaced approximately 0.1 inch center to center both

transversely and longitudinally. The twenty-eight posi-
tions are divided into six groups constituting the A, B,
C, D, E and F digits. Looking at the smooth side of
the tape, with the leading end down, the A digit is at
the left. The A digit group contains three positions, and
the B, C, D, E and F digit groups each contain five
positions. The positions in the A group are designated
0, 1 and 2, from left tc right. The positions in the B,
C, D, E and F groups are designated ¢, 1, 2, 4 and 7 from
left to right. For mechanical reasons, each line of per-
forations, as perforated and as read, instead of occupy-
ing a straight horizontal linc, occupy a zigzag line. The
grouping and designations of this zigzag line arrange-
ment are as follows:

A B C ! D l E F
012 01247 012-17!0]247 01247, 01247
0 (Ut 0 0 I() [ 00 0 0 0
o 0 0 0 0 0 0] [V 0 6 0 0 0

On the tapes read, each line of perforations contains
one or three perforations in the A digit group, three per-
forations representing the number 3, and two perforations
in each of the B, C, D, E and F digit groups. The in-
formation contained in each of the B, C, D, E and F
digits is in accordance with the additive two-out-of-five
code, in which the sum of the two perforation position
designations 0, 1, 2, 4 and 7 (with the exception of the
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combination of 4 and 7) equals the numeral represented,
according to the following table:

Perforated Numeral
Positions
0+1 1
042 2
142 3
044 4
144 5
2+4 ]
0-+7 7
147 8
24-7 9
447 0

The reader is equipped with twenty-eight reading pins
arranged to line up with the holés in the drum and with
the perforation positions on the tape. Thess pins are
operated with a reciprocating motion from a motor-
driven cam and are arranged to make confacts when
registering with perforations in the tape. The recipro-
cating motion of the reading pins is dependent only upon
the running of the reader drive motor, and is entirely
independent of the rotation of the reader drum and the
advance of the tape. Thus if the advance of the drum
is stopped, the same line on the tape is read repeatedly.
‘The reader drum advance takes place while the reading
pins are withdrawn from the drum.

The reader runs at the nominal rate of sixteen reading
operations per second, and if the rotation of the drum
is not stopped it will be advanced at the rate of sixteen
steps per second, resulting in reading sixteen lines per
secend.

Reader (Fig. 6).—The reader Fig. 6 may be powered,
or instance, by directly geared 14 horse-power split
hase induction motor.

The ALLA tape is inserted in a tape guide, not showan,
on the upper front of the unit with the embossed side
of the perforations facing down and the A digit to the
right. The embossed portion of the perforations are
meshed with an exposed portion of the drum and insures
proper tracking before the tape is advanced to the read-
ing position. The tape is fed around the dram con-
tinuing cut the boitom of the reader. The fitting of the
embossed portion of the perforations in the tape into
the holes in the drum holds the tape in alignment and
provides fraction so that when the drum is rotated the
tape is advanced through the reader.

A mechanical stepping mechanism is used to advance
the tape in the reader. Drum advance takes place through
the square motion action of a step rack in association
with the step gear attached to the druma. The drum ad-
vance is controlled by a step magnet which permits ad-
vance when operated and prevents advance when released.
In order to prevent the reader shaft from being turned
back, a ratchet has been incorporated in the flywhee
assembly. This ratchet is of the centrifugal throw-out
type so that it is operative only at low shaft speeds. It
limits the amount of back rotation to something less than
two degrees.

There are thirty-six lines of holes on the drum so that
each step of advance is ten degrees. At one end of the
drum, clear of the tape, two additional holes are pro-
vided on alternate lines of holes. Two sensing pins,
designated G1 and G2 are arranged to register with
these holes and have the same in and out motion as the
reading pins. These pins are arranged in a staggered set-
ting so that in one position of the drum the G1 pin will
enter & hole and close its contact while the G2 pin will
not enter, and on the next position of the drum the G2
pin will enter a hole and close its contact while the G1
pin will not enter. The G1 and G2 contacts are used in
the reader step check circuit and described in a following
paragraph.

The control contacts are actuated by motor-driven cams
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and close and open independently of the iape pattern.
All of the reading contacts and the G, P, H and X con-
tacts, except H3, H4, H8, I3, K3 and K4 contacts make
and break in synchronism, the make period being approxi-
mately twice the break period. These contacts are called
make contacis. The H3, H4, H8, HY, X5 and X4 con-
tacts are closed when the reading contacts are open and
open when the reading contacts are closed. They are
called break contacts. The J contacts, except J2, make
and break about nine milliseconds after the reading con-
tacts. They are called late make contacts. The J9 con-
tact is closed when the J@ contact is open and open when
the J§ contact is closed. It is called a late break contact.

A non-locking key, Tape Feed, is shown in Fig. 4.
With the motor running the operation of the Tape Feed
key operates the step magnet thus permitting the reader
drum to rotate. This key is used when feeding a tape
into the reader.

Set-up switches and key operations~—Setting of set-up
switches—Before processing is started the set-up switches
shown in Figs. 4 and 13 are set manuaily in accordance
with the information accompanying the tape being
processed.

The following information is set up on these switches:
. Tape type.

. Marker group.

. Central office.

. First and last thousands.
. Month.

. Round or last day.

Motor start key operation (Fig. 4)—When tape
processing is begun, the Reader Motor Fig. 6 is started
by the operation of the Motor Start key. The Motor
Start key operated closes ground through its contact 1
and the winding of relay RLM to battery, tc operate relay
RLM and at the same time closes ground through the
emergency motor stop, EM Motor Stop, key normal,
contact I of relay AL released in Fig. 1, and the winding
of relay MST to battery to operate relay MST in Fig. 4.
The operation of relay MST closes battery through its
coniact I to the step magnet STP in Fig. 6 and closes
ground through its contact 6 and the winding of relay
MOT to battery to operate relay MOT. Operation of
relay MOT supplies alternating current from source AC
in Fig. 4 through switch SW in Fig. 6 tc the Reader
Motor. Operation of relay MST also closes ground
through its contact 2 from contact 2 of key End of Tape
normal in Fig. 4 or contact 1 of relay EOT released in
Fig. 23 and Master Release key normal or Machine
Release key contact 2, both keys in Fig. 4, tc operate
relay MO, in Fig. 5, which locks through its contact 7
to operating ground arcund contact 2 of relay MST. Re-
lay MON contact 1 provides locking ground for relay
RIM through contact 3 of relay RLM, contact 1 of
relay TCM, Fig. 5, and Machine Release key contact 3.
Relay MON also provides a locking path for relay MST.
The path may be {raced from battery through the wind-
ing of relay MST, contact 1 of relay AL, contact of EM
Motor Stop contact 3 of relay MST, contact 1 of
relay RLM and contact 2 of relay 24ON to ground.

Machine start key operation (Fig. 4)—After the in-
put tape is imserted into the reader, and the set-
up switches Tigs. 32 and 42 set, the tape is ready
for processing. The Machine Start key Fig. 4 is
then operated. Input register down-check relay NDC
and output register down-check relay RDC are bhoth
operated at this time over paths to be traced hereinafter.
Vhen the H break contact 4 in Fig. 6 closes, a ground
is closed through contact 4 of relay MST operated in
Fig. 4, contact & of relay NDC operated in Fig. 7, con-
tact 1 of relay RDC coperated in Fig. 24, contact 1 of
Machine Start key operated in Fig. 4, break contact 1 of
relay ST2 released in Fig. 5, contact 2 of relay RLS
released in Fig. 5 and contact 5 of relay RLM operated
in Fig. 4 through the winding of relay ST1 in Fig. 5 to
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battery to operate relay ST1. The requirement that relays
NDC and RDC be operated prevents ever operating the
start circuit if any relay is operated in the input or output
register. The registers must be normal to be able to start
with one exception as described in a following paragraph.
Operation of relay ST1 operates relays RCA and RCD
in Fig. 6. The path for relay RCA extends from ground
through contact I of relay ST1 and the winding of relay
RCA to battery. The path for relay RCD extends from
ground on contact 1 of relay ST1 through contact 5 of
relay MST and the winding of relay RCD tio battery.
When H break contact 4 opens, relay ST2 operates in
series with relay ST1 from ground through contact 4 of
relay ST1 operated through relay ST2 winding, contact
2 of relay RLS released, contact 5 of relay RLM oper-
ated and relay ST1 winding to battery. When H break
contact 4 recloses, a ground is closed through contact 4
of relay MST operated, contact 1 of relay NDC operated
in Fig. 7, contact 1 of relay RDC operated in Fig. 24,
contact 3 of relay ST1 operated, make contact i of relay
ST2 operated and the winding of relay ST3 to battery to
operate relay ST3 which locks through its contact 5 and
contact 3 of relay RLS to ground through contact 3 of
relay MON. The release of the start circuit releases relay
ST1 and the operation of the Reader Lamps key operates
relay RL and LPG in a manner to be described here-
inafter. :

Reader step key operation (Fig. 4) —COperation of the
Reader Step key, Fig. 4, steps the tape to the next line
and is effective only when the start circuit is released and
the Reader Lamps key is operated.

When the Reader Step key, Fig. 4, is operated and
H break contact 8§ closes, a ground is closed from H
break contact 8, through contact § of relay ST1 released,
Reader Siep key operated, contact 2 of relay SSR re-
leased and the winding of relay SS to operate relay SS.
On the following make period of the reader relay S8
locks through contact 4 of relay MON operated to H
make contact 5. At the same time, a ground is closed
from H make contact 2 closed through contact 3 of
relay SS operated and the winding of relay SSR to bat-
tery to operate relay SSR which locks through its contact
7 to Reader Step key operated and contact 1 of relay
SSR operated to ground. The operation of relay SSR
closes ground from contact 6 of relay RL operated through
contact 8 of relay LPG, contact 4 of relay SS, comtact
4 of relay SSR operated and the winding of relay RS
to operate relay RS which locks to H break contact 3.
Relay RS operates the step magnet STP of the reader
over a circuit from ground through contact i of relay
RS, contact 1 of relay RSF, winding of magnet STP and
contact 1 of relay MST to battery, which steps the tape
to the next line. When H make contact § opens, relay
SS releases. Relay SSR remains operated until the Reader
Step key is released. In this way the tape is stepped one
step each time the Reader Step key is operated.

Tape identity key operation (Fig. 4) —If a line of tape
identity is mutilated, the progress of the circuit stops and
a timed alarm is brought in. The Reader Lamp key
should be operated and Reader lamps read and logged.
The reader should then be stepped line by line past all
of the tape identity entries by means of the Reader Step
key. This is accomplished by operating the IMachine
Release key and then the Motor Start key to start the
motor; the Reader Step key is then operated once for
each step and the Reader lamps should be read and
logged on each line. This stepping should continue until
the tape identity entries are all passed over and the line
being read is the first line following the tape identity
entries.

In case the TH selector, Fig. 22, is normal and in the
case of summary tapes, the tape section reset key Tape
Sect. Reset, Fig. 13, should be stepped until the Tape
Section lamp agrees with the setting of the First thousand
‘switch. . For all other type tapes, if the TH selector is
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normal, the Tape Section Reset key should be operated
once to step the TH selector off-normal.

Operation of the Tape Ident. key closes a ground from
contact 3 of relay MLK operated through the contacts
of key Tape Ident. and the winding of relay MT1 to op-
erate relay MT1. Relay MLK had previously operated
when the TH selector was stepped off-normal from ground
through the off-ncrmal contacts ON in Fig. 22. Opera-
tion of relay MT1 closes a ground through its contact
3 and the winding of relay ER to operate relay ER,
which in turn closes leads which will operate either relay
ETT or relay OTT, relay EGT or relay OGT, relay EGU
or relay OGU, relay ECO or relay OCO, all in Fig. 34,
relay EDT or relay ODT, relay EDU or relay ODU,

5 relay EMT or relay OMT and relay EMU or relay OMU,

all in Fig. 44, depending upon the setting of the Set-up
Switches. Operation of relay ER also closes ground
through its contact 17 and the winding of relay TIE to
operate relay TIE, Fig. 45, which locks from ground
through its contact 6, contact 21 of relay MON, contact
3 of relay SP% normal to ground on contact 18 of relay
L% normal. In the case of summary tapes where the TH
selector has not been stepped due to reading the next
higher tape identity, operation of relay MT1 closes a
ground from contact 3 of relay SA, Fig. 47 operated,
contact 8 of relay SSE operated, Fig. 14, contact 2 of
relay MT1 operated to energize the ROT magnet of
the TH selector. This steps the TH selector to the next
higher position. The release of Tape Ident. key releases
relay MT1 and relay SSE if operated. The release of
relay SSE de-energizes the ROT magnet.

End of tape key operation (Fig. 12).—When the tape
runs out of the reader following skipping of the last
splice pattern, a timed alarm is brought in. While
skipping the last splice pattern ground is closed from
contact 6 of relay DA operated or from contact 2 of
relay LTH, Fig. 22, contact 2 of relay SA operated, Fig.
47, through contact 2 of relay SKP operated, Fig., 14,
contact 9 of relay SSE operated, Fig. 14, coatact 3 of
relay CS normal Fig. 23, and the winding of relay EOT
to battery to operate relay EOT, Fig. 23, which locks
through its contact 2 and contact 6 of relay MLK to
ground. The End of Tape key is operated which closes
a ground through its contact 1, contact 4 of relay EOT
operated and through off-normal contacts 1 of the selector
TH to energize magnet RLS of the TH selector. The
RLS magnet causes the TH selector to return to normal.
When the TH selector is normal relay MLK releases
which in turn releases relay CT1 and EOT. In the mean-
time the operation of the End of Tape key removed lock-
ing ground from the winding of relay MON causing it
to release. Relay MON releases relay ONI and removes
off-normal grounds from the entire circuit causing the
release of all relays operated or locked to these off-normal
grounds. The circuit should be completely normal.

Release of circuit—Temporary release of circuit.—
When it is desired to temporarily shut down the machine
the Machine Release key is operated but processing con-
tinues until the calls being processed are completed. The
operation of Machine Release key by opening contact
3 unlocks relay RLM which in turn releases relays ST1
and ST2. Nothing occurs uniil both the input and cut-
put registers become normal at the same time.

After punching the call information registered in the
output registers the output registers are released. The
call information registered in the input registers is then
transferred to the output registers. Following this the
input registers are released. Normally, relay SRI is
reoperated at this time. However, this is prevented by
the release of relay RLM and the opening of its contact
4. When the call information in the output register is
punched, the output register is released. The release of
the output register operates relay RDC in a manner to
be explained hereinafter. A ground is closed from K4
break contact of the reader through contact 3 of relay
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TC normal, contact 4 of relay NDC operated, break
contact 4 of relay RLM normal, contact 3 of relay SR1
normal, contact 6 of relay RDC operated, contact 3 of
relay T1 normal, contact 2 of relay SSE normal, contact
4 of relay SWE normal, contact 14 of relay ST3 operated
and the winding of relay RLS to operate relay RLS.
The operation of relay RLS by opening the contact 3
releases relay ST3 which in turn releases relay MST.
The release of relay ST4 also releases relay RLS. The
release of relay MST stops the reader motor.

Release of alarm: and start relays—Following an alarm
the operation of the machine release key Mach, RLS
closes a ground from contact 1 of relay EOT or End
of Tape key normal, contact 1 of Mach. RLS key op-
erated, contact 4 of relay AL operated and the winding
of relay RLS to baitery to operate relay RLS which locks
through contact 4 of relay AL operated and contact 1
of relay RLS to ground. The operation of relay RLS
releases relays ST, ST2 and ST3. Relay ST3 released,
by opening its contact 7, in turn releases relay RSH if
the alarm is a reader step hold alarm or releases relay
SAL if the alarm is a short alarm or releases relay RSF
if the alarm is a reader step failure alarm. The release
of relay RSH, relay SAL or relay RSF releases relay AL.
The release of AL releases RLS.

I the alarm was due to a fuse alarm relay AL will
release when the blown fuse is removed.

Emergency stop—If it is necessary to stop the reader
motor in an emergency, the emergency motor stop key
EM Motor Stop is operated; this operation releases relay
MST which in turn by opening its contact § opens the
circuit to the motor relay MOT and removes battery sup-
ply of the Step magnet.

Emerg. Reset ey operation—If the power supply is
removed while a tape is being processed, all relays would
release. When the power supply is restored relay MLK
will reoperate if the TH selector is off-normal. However,
certain relays which were locked to relays MLK or MON
will not reoperate automatically. Therefore, in order to
recperate these relays the Motor Start and Emerg. Reset
keys are operated. The Emerg. Resst key closes ground
from contact 2 of relay MLK operated through the wind-
ing of relay ER to battery to operate relay ER. A ground
is closed from contact 17 of relay ER operated through
the winding of relay TIE to battery to operate relay TIE,
Fig. 45, which locks through contact 21 of relay MON
operated, contact 1 of relay SP6 and contact 19 of relay
L1 norimal to ground. The operation of relay TIE closes
ground from contact 7 of relay MLK through contact 2
of relay TIE
to contact 7 of relay MLX operated, Operation of relay
ER closes paths to operate either relay ETT or OTT,
relay EGT or OGT, relay EGU or OGU, relay ECO or
OCQ, relay EDT or ODT, relay EDU or ODU, relay

EMT or QMT and relay EMU or OMU depending on °

the setting of the set-up switches. If relay MLK was not
tperated at the time the Emerg, Reset key was operated
nothing would happen.

Release of entire circuit by Operation of the machine
release key Mach. RLS and master release key Master
RLS

The operation of the machine release key Mach. RLS
and master release key Master RLS removes locking
ground from relay MON which causes relay MON to
release. At the same time cperation of Mach, RLS key
by opening iis contact 3 releases relay RLM which in
turn releases relays ST1 and 5T2. The release of relay
BON releases relays MST, ST3 and MON. The release
of relay MST releases relay MOT which stops the reader
motor. The release of relay ST3 releases relays RCA and
RCD. Any relay cperated or locked to MON, or ST3
operated are reieased. However relay MLK is held op-
erated by selector TH off-normal springs. Relay MLK
locks relay CT1 operated.

to operate relay CT1, Fig. 23, which locks
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To reswore selecior TH, the tape section release key
Tape Sect. RLS should be operated, with the reader lamp
key Read LP3 operated. Cround is closed from contact
& of relay RL operated through contact 4 of relay LPG
uperated, Tape Sect. RLS key operated and off-normal
coniact 1 of selector TH and through the winding of mag-
net RLS to baitery, to operate magnet RLS which restores
selector TH to normal.  This circuit is effective only when
the circuit is stopped or during an alarm condition.

Alarm cut-off—When an alarm oceurs relay AL is
cperated. By the operation of the Alarm Cut-Of key
round is supplied through the winding of relay EAC to
attery and relay EAC operates, Fig. 1, and locks to relay
L operated contact . The operation of relay EAC by

ing break contact 1 removes ground from lead R,

I, to the exiernal alarm circuit and by opening con-
tact I extinguishes the Machine Pilot lamp.

Supplementary circuit operations.—Reading and Skip-
ping splice pattern—When an 081010 line is read, a
ground is closed from reader G1 contact closed and break
contact 1 of relay RK or reader G2 contact closed and
meke contact 2 of relay RX operated, through contact 9
of refay ST3 operated, contact 8 of relay RCD operated,
through two-out-of-five check of the B, C, D, Eand F
digit reading relays, contact 3 of relay Ag operated, con-
tact 3 break of relay Al and contact 4 break of relay A2,
contact 3 of relay Bi, contact 3 of relay BY, contact §
of relay TIE released in Fig. 45 and the winding of relay
SK to battery to cperate relay SK in Fig. 14, Relay SK
supplies ground through its contact 2 and the winding
of relay SKP ioc operate relay SKP which locks through
contact 3 of relay CT1 released in Fig. 23, contact 1
of reley L1 released in Fig. 35 and coniact 6 of relay ST3
operated to ground. The cperation of relay SKP closes
a ground from reader Hé make contact through contact
%4 of relay ESP released, contact 6 of relay SXP operated,
contact 3 of relay RCD operated and the winding of relay
RS to batiery to operate relay RS in Fig. 15. Relay RS
locks to reader H3 break contact and by closing its contact
1 operates the step magnet STP of the reader which
allows the tape to be stepped to the next line.

When J2 late break contact closes, ground is closed
through contact & of relay SKP operated and the winding
of relay ESP to battery tc operate relay ESP. When
reader 39 late break comtact cpens, relay ESP releases

closing ground from reader H6 make contact through
of relay

contact Z of relay EEP released, contact 6 make
SKFP operated, contact 3 of relay 2CD operated and the
winding of relay RS to operate relay RS which loeks to
reader H3 break contact. Relay RS by closing its contact
% operates the step magnet STP of the reader which steps
the tape to the next line.
The same operation as descriked in the previous para-
graph occurs for each line of splice pattern. The first
line to be read foilowing the iast line i splice pattern is
2891XX, which is the first line of tape identity, XX
represents tape index. Operation of relay A2 over a paih
from ground through reader contact AL, contact 3 of
relay RC and the winding of relay AZ to battery, Fig. 16,
or the operation of relay F1 or F2, Fig, 35, over corre-
sp g paths ges ground through make contact 8
of relay SKP cperated to hold relay ESP operated after
opening of reader J9 late break contact. At the same
time relay L% operates in Fig, 35 which by opening its
contact i releases relay SXP, Fig. 14, in turn, by opening
its contact 8, releasing relay ESP. The holding of relay
cperated prevents stepping should relay L1 fail to
operate, thus failing o relay SKP.
Skip splice entry and splice paitern—After stepping
from the last line of trailing tape identity, the next line
read is the skip splice entry, 2860XX. The XX repre-
sents the machine number of the machine that per-
forated the tape. A ground is closed from the G1
contact closed of the reader and contact 1 of relay
RK released, Fig. 15, or G2 reader contact  closed
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and make contact 2 of relay RK operated, through con-
tact 9 of relay ST3 operated, contact 8 of relay RCD
operated, through two-out-of-five check of the B, C, D,
E and F digit reading relays, break contact 3 of relay
A0 and break contact 2 of relay Al released, contact 2
of relay A2, contact 2 of relay B7, contact 2 of relay
B1, contact 2 of relay C4, contact 2 of relay C2, contact
8 of relay RDC operated, contact 1 of relay SWE re-
leased and the winding of relay SP6 to battery to operate
relay SP6. The operation of relay SP6 by opening its
contact 1 releases relay TIE and by closing its contact 2
operates relay SSE which locks through contact 7 of re-
lay TIE released and either contact 7 of relay DA oper-
ated to ground or contact 3 of relay TMM released and
contact 6 of relay SA operated to ground. The opera-
tion of relay SSE closes ground from contact i of relay
A2, contact 2 of relay E2, contact 2 of relay E4, contact
2 of relay E7, contact 3 of relay F0, contact 3 of relay
F1 or contact 3 of relay F2 operated, contact 3 of relay
SP6 operated, contact 7 of relay SSE operated, contact
6 of relay SKP released, contact 3 of relay RCD opera-
ted and through the winding of relay RS to operate relay
RS in Fig. 15. Relay RS locks to reader H3 break con-
tact and operates the step magnet of the reader which
steps the tape to the next line.

The line following the skip splice entry is an 081016
line. The reading of 081010 causes skipping of splice
pattern as described under Reading and Skipping Splice
Pattern hereinafter except that relay SKP locks through
contact 1 of relay SSE operated, contact 1 of relay L1
released and contact 6 of relay ST3 operaied to ground.

When the splice pattern is the last splice pattern of
the tape, the line following the last 08101 will not be
2891XX in which case relay L1 does not operate and
relay SKP does not release. However, the operation of
contact 1 of relay Al, contact 1 of relay A2, contact 2
of relay B9, contact 2 of relay B2, contact 3 of relay B4,
contact 2 of relay E2, contact 2 of relay E4, contact 2
of relay E7, contact 3 of relay F@, contact 3 of relay
F1 or contact 3 of relay F2 closes ground through con-
tact 8 of relay SKP operated and the winding of relay
ESP to battery to hold relay ESP operated and prevents
further stepping of the tape. The short alarm then
operates and causes the reader motor to stop. .

Window splice—A window splice consists of a window
entry, 287020, followed by forty or more lines of splice
pattern, followed by another window entry. When the
first 287020 line is read, a ground is closed from reader
G1 contact closed and break contact of relay RK released
or reader G2 contact closed and make contact 2 of relay
RK operated, through contact 9 of relay ST3 operated,
contact 8 of relay RCD operated, two-out-of-five check
of B, C, D, E and F digit reading relays, through con-
tact 3 of relay A0 and contact 2 of relay A1 both re-
leased, contact 2 of relay A2 operated, contact 2 of relay
B7, contact 2 of relay B1, contact 2 of relay C7, contact
2 of relay C% and contact 4 of relay TIE operated, con-
tact 5 of relay SSE released and the winding of relay
SP7 to battery to operate relay SP7. The operation of
relay SP7 closes ground from contact 4 of relay ESP
released, contact 13 of relay ST3 operated, contact I
of relay SP7 operated and the winding of relay SWE to
battery to operate relay SWE which locks through con-
tact 13 of relay ST3 operated and contact 4 of relay
ESP released to ground. Ground is closed from con-
tact 1 of relay A2 or contact 2 of relay E2 operated, con-
tact 3 of relay SP7 operated, contact 6 of relay SWE
operated, break contact 6 of relay SKP released and con-
tact 3 of relay RCD operated and the winding of relay RS
to battery to operate relay RS which locks to H3 break
contact. Relay RS operates the step magnet of the
reader which steps the tape to the next line.

The line following the window entry is an 081010 line.
The reading of 081010 causes skipping of splice pattern

as described in paragraph on Reading and Skipping Splice.
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Pattern in the foregoing except that the operating path
of relay SK, Fig. 14, is carried through contact 2 of relay
SWE operated instead of relay TIE released and relay
SKP locks through contact 5 of relay SWE operated and
contact 2 of relay SP7 released. Relay SWE also locks
through contact 13 of relay ST3 operated and contact 9
of relay SKP operated to ground.

The line following the last 081010 line is another
287020 window entry. When 287020 line is read, relay
SP7 operates as described above. The operation of
SP7 at its make contact 2 locks relay ESP and, at its
break contact 2 opens the path through relay SKP wind-
ing which in turn by opening its contact 9 releases relay
SWE. A ground is closed from contact 1 of relay A2
or contact 2 of relay E2 operated, contact 3 of relay
SP7 operated, contact 1 of relay ESP operated, break
contact 6 of relay SKP released, contact 3 of relay RCD
operated and the winding of relay RS to battery to oper-
ate relay RS which locks to reader H3 break contact.
When contact G1 or G2 opens, relay SP7 releases in
turn releasing relay ESP. The operation of relay RS
operates the step magnet STP of the reader which steps
the tape to the next line.

Set-up check—As each line of leading tape identity
is read and checked the proper set-up check relay is
operated. Operation of relay CL1, Fig. 35, operates
either relay OTT or relay ETT, both in Fig. 34. Opera-
tion of relay CL2 operates either relay OGT and relay
EGT and either relay OGU or relay EGU. Operation
of relay CLS operates either relay OCO or relay ECO.
Operation of relay CL7 operates either relay EDT or
relay ODT and either relay EDU or relay ODU. Opera-
tion of relay CL9 operates either relay OMT or relay
FMT and either relay OMU or relay EMU. The opera-
tion of the proper relays is dependent on the setting of
the set-up switches in an even or an odd position. As an
example, if the tape being processed is for Office 4, the
office switch is set in an even position and upcn operation
of relay CL5, relay ECO operates over a path from
battery through the winding of relay ECO, contact 4 of
relay CL5, even position of central office switch 3 and
contact 18 of relay MON to ground. The set-up check
relays lock through their respective switches to relay
MON operated.

If the set-up switches are changed from the original
setting, the operated set-up check relay associated with
the changed set-up switch releases and a ground is sup-
plied from contact 1@ of relay RUC normal, contact 2
of relay CL® normal through contact 8 of relay TIE
operated, and contacts of some pair of the E—~ and
O —— relay in series such as the 1 contact of relay ETT
and the 1 contact of relay OTT, both normal, contact
18 of relay ST3 operated and the winding of relay AL
to battery to operate relay AL. OCperation of relay AL
releases relay MST which in turn stops the reader motor.
At the same time, set-up check lamps Tape Type, Marker
Group Tens, Marker Group Units, Central Office, Last
Day Tens, Last Day Units, Month Tens and Month
units, Figs. 34 and 35, are lighted to indicate the switches
that were changed. A typical circuit may be traced from
battery through the filament of lamp Tape Type, contact
4 of relay ETT, contact 4 of relay OTT, contact 9 of
relay TIE, contact 2 of relay CL9, and contact 6 of relay
RUC to ground, lighting lamp Tape Type. A corre-
sponding circuit may be traced for each of the other
lamps.

Reader step check.—When the step magnet STP of
the reader is operated, the reader drum advances the tape
to the next eatry. In order to check that the reader
drum has advanced, two reader contacts, Gi and G2,
are used to indicate the change of position of the drum.

Reader pins associated with reader contacts Gi and
(G2 are staggered so that they read on alternate drum
positions. That is, if the G1 contact is closed for a
particular line, contact G2 will close when the drum
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advances to the next line. Tn this manner it is possible
to check -the advancé of the reader drum: The leads
from the G1 and G2 reader -ontacts are carried through
contacts of relay RK and indicate a check or an alarm,
respectively, if the drum has or has not advanced.

At the start of processing it is necessary to synchronize
these reader pins with the operation of relay RK: This
relay when released checks that the drum has advanced
when the G1 contact is closed; and when operated checks
that the dram has advance when the G2 contact is closed.
I the reverse occurs an alarm relay RSF is operated over
a path from battery through the winding of relay RSF,
contact 18 of relay ST3, make contact 3 of relay RK or
break contact 2 of relay RK to ground through contact
G1-or contact G2 respectively, to indicate that the reader
drum failed te advance.

If G2 contact is closed when the Machine Start key is
operated, it is necessary to operate relay RK so as to
synchronize the reader step check circuit with the Gi
and GZ reader contacts. Upon operaticn of the Machine
Start key, relay ST1 operates during the break period
of the reader cycle. During the following period con-
tact GZ closes ground through contact 5 of relay ST
operated, contact § of relay 5T3 released, contacts 1 and
2 of velay RZZ released and the winding of relay RW
to batiery to operate relay RW which closes ground from
contact Z of relay ST operated, break contact of relay
RZ3 released, contact 2 of relay RW operated and the
winding cf relay RX to operate relay RK. At the end
of the make pericd of the reader cycle, contact G2 opens,
allowing relay RZ1 to operate in series with RW from
ground through contact 2 of relay ST1 operated, break
contact of relay RZ3 released, contact 2 of relay RW
operated, winding of relay RZ1, and the winding of
relay RW to battery. Relay RZ1 operates relay RZ2
over an obvious path. During the following break period,
relay ST3 operates. During the following make period
contact G2 recloses, closing ground throngh make contact
2 of relay R¥ operated and contact § of relay ST3 opet-
ated to the lead through the two-out-of-five checking
circuit which indicates that the reader step check circuit
is synchronized with the G and G2 reader contacts.

When either relay RS, Fig. 15, RS1, RS2, RS3, RS4 or
RES operates, Figs. § to 12, respectively, a ground is
closed from reader H9 break contact during the following
break weriod of the reader, through contact 20 of relay
8T3 operated, contact 3 of the particular RSY to KSS
relay which is operated, make contact 2 of relay RZ2
operated and the winding of relay RZ3 to operate relay
RZ3. Relay RZ3 holds relay RZ2 operated from ground
through contact 4 of relay ST3 and the make contact
of relay RZ3 and releases, by opening its break contact,
relays RK, RW and RZi. At the end of the break
period RZ3 releases in turn releasing relay R72. During
the break period the reader drum should advance and on
the following make period contact G1 closes ground
through break contact 1 of relay RX released and con-
tact § of relay ST3 operated and contact 8 of relay RCD
operated to the check lead which indicates that the reader
dram did advance. If during the break period the reader
drum did not advance, on the following make period,
contact G2 closes ground through contact 2 break of
relay RX released and contact 10 of relay ST3 operated
and the winding of relay RSF, Fig. 1, to operate relay
RSF, which indicates the reader drum did not advance.
Cperation of relay RSF closes ground from contact 18 of
relay RUC released through the winding of relay AL to
operate relay AL which by opening its contact 1 releases
relay MST. The release of relay MST by opening its
contact & releases relay MOT which causes the reader
niotor to stop and processing to stop.

If at the start of processing contact G1 is closed, the

reader step check circuit is synchronized with reader con-
tacts G1 and G2. Upon operation of relay ST3 the
following closure of contact G1 closes ground through
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break contact 1 of relay RK released and contact & of
relay ST3 coperated to the check lead which indicates the
reader step check circuit iv synchronized with the G1
and G2 reader contacts.

Mutilated skip spiice eniry~When a skip splice entry
is mutilated, the progress of the circuit stops and a timed
alarm is brought in. After determining by operation of
Reader Lamp key and reading of the Reader lamps that
the alarms were caused by a miviilated skip splice eniry
(2860XX), the Machine Release key is opcrated to re-
lzase ihe alarm condition and preparc the circuit for
restart. The Motor Start key is operated to start the
reader motor. The tape is then stepped to the next line
(081010) by operation of the Reader Step key. Fol-
lowing this the End of Tape key is operated. Cround is
closed from contact 3 of Bnd of Tape key operated
through comtact 3 of relay MLK operated, contact 3 of
relay EOT normal, contact 1 of reiay CS normal, con-
tact $ of relay LPG and the winding of relay SP§ to
operate relay SPS. OCperation of relay SP6, Fig. 14, by
opening its contact i releases relay TIE and by closing
its contact 2 operates relay SSE which locks through
contact 7 of relay TIE normal and either contact ¥ of
relay DA operated to ground or contact 3 of relay TMM
normal and contact § of relay SA operated to ground.

dlarms (Fig. 31} —General arrangement of alarms.—
An alarm occurs under the following conditions:

1. The reader fails to step or the gang summary punch
fails to punch within approximately one second. Short
alarm functions.

2. Reader fails to step when signaled to do so.

3. Reader step relay fails to relecse.

4. Set-up swiiches are changed after processing has
begun.

5. Punch stops.

Short alarm.~The short alarm functions if the reader
fails to step or the gang summary punch fails to punch
within a measured interval of one second.

When the Machine Start key is cperated, relay ECD
is operated by the operation of relay ST as described
under the heading Machine Start ey Operation in the
foregoing. Relay RCD operates relay SAS from battery
through the winding of relay SAS and contact i of relay
RCD to ground. Relay SAS, by opening its contact I,
removes the shunt across condenser A and connects
ground through winding of relay SAE tc condenser A.
condenser A charges over a path from battery BAT
through a fuse, RESi and RES2. After approximately
one second the condenser voltage equals the breakdown
voltage of tube SA which fires and operates relay SAE.
While skipping splice tube SA fires in approximately .35
second, for resistor RES2, which is approximately twice
the magnitude of resistor RESY, in the path through
which condenser A charges, has been shunted by coatact
7 of relay SKP operated. Operation of relay SAE closes
ground through contact 7 of relay TCM reicased and
the winding of relay SAL to operaic relay SAL which
locks through make contact 7 of relay ST3 operated to
ground. Relay SAL operates relay AL which releases
relay MST. The release of relay MST releases the motor
control relay MOT which disconnects the sower supply
from the Reader Motor which stops the reader motcr.
The release of relay MST by opening its contact 5 also
releases relay RCD which in turn, by opening its contact
1, releases relay SAS. The release of relay SAS deionizes
tube SA and releases relay SAE.

If during the short alarm timing period any oue of
relays RS1, RS2, RS3, RS4, RS3, BS or RT operates,
condenser A is discharged and tube SA does not fire,
Any one of relays RS, RS2, RS3, 284 or RSE applies
ground through its respective contact 2, contact 2 of relay
SAS and resistance RES3 tc condenser A, The oparation
of relay RS shorts condenser A through its contact § and
contact 8 of relay SKP. The operation of relay RT also

shorts condenser A through the contact of relay BT, Fig.
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73. Relay RT operated indicates the summary gang
punch is punching a card, while the operation of relay
RS1, RS2, RS3, RS4, RS5 or RS indicates the reader is
stepping.

Reader step failure—When the reader drum fails to
advance, as described under Reader Step Check in the
foregoing, ground from contact G1 or G2 is extended
through contact 1 make or contact 2 break of relay RK.
This ground  is carried through contact 1% of relay
ST3 operated and the winding of relay RSF to operate re-
lay RSF which locks to contact 7 make of relay ST3 op-
erated. Ground is supplied through contact 4 of relay
RSF to light RDR Step Fail lamp. Contact 1 of relay
RSF opens the path of the step magnet STP and contact
3 relay RCF operated closes ground from contact 18 of
relay RUC released to operate relay AL which in turn
by opening its contact S releases relay MST. The release
of relay MST releases the motor control relay which stops
the reader motor.

Reader step relay release failure~—When any one of
relays RS, RS1, RS2, RS3, RS4 or RS5 operates a ground
from contact 6 of the particular relay is closed to shunt
down relay RSR, Fig. 1, which has been operated from
ground on contact 6 of relay MON when relay MON
operated. Relay RSR is a slow release relay and takes
approximately .25 second to release when thus shuated.
If the shunt lead remains grounded over .25 second, relay
RSR releases in turn operating relay RSH from ground
on contact 7 make of relay ST3 operated and the contact
of relay RSR released. Relay RSH locks to ground on
contact 7 make of relay ST3 operated. . Ground from con-
tact 3 of relay RSH lights RDR Siep Hold Jamp and
ground from break contact 1§ of relay RUC released op-
erates relay AL which in turn by opening its coatact 1%
releases relay MST, through contact 2 of relay RSH op-
erated and the winding of relay AL to battery. The re-
lease of relay MST releases the motor control relay which
stops the reader motor.

If the shunt lead remains grounded less than .25 second,
relay RSR does not release and the alarm is not brought
in.
Punch. stoppages.—There are two general types of
punch stoppages. One type is due to the card hoppers
becoming empty- and the other type is due to dcuble
punch, blank column or non-comparison detection.

No cards—When the Motor Start key is operated a
ground is closed from contact 7 of relay MST or contact
§ of relay MON operated through contact 1§ of the
punch Fig. 74 contacts of relays within the puach, to con-
tact 12 of the punch and through the winding of relay
NC, Fig. 1, to battery and the winding of relay NC to
battery to operate relay NC. Relay NC remains cperated
until the card hopper becomes empty. The release of
relay NC by opening its contact 2 opens up the operating
path to the clutch control relay of the punch. By clos-
ing its contact 3, relay NC closes ground from contact
13 of relay MON operated through contact 3 of relay
SAL normal, contact 6 of relay ST3 operated and the
winding of relay TCM to operaie relay TCM. The op-
eration of relay TCM releases relay RLM which in turn
releases relays ST1 and ST2. Relay TCM also closes
ground through its contact 6 and contact 2 of relay NC
released to light the No Cards lamp. Tape processing
continues until the ouiput and input registers ave filled
at which time the short alarm iiming starts. . When relay
SAE operates, ground is closed through make contact 7
of relay TCM operated and the winding of relay RLS to
operate relay RLS. The operation of relay RLS releases
relay ST3 which in turn releases relays RCC, RCD and
MST.  Relay ST3 released also locks relay TCM op-
erated from ground on break contact 2 of relay ST3
through operated make contact 1§ of relay MON op-
erated.  The release of relay RCD by opening its contact
1 releases relay SAS which deionizes tube SA and releases
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relay SAE. ‘The release of relay SAE relcases relay RLS.
The release of relay MST stops the Reader Motor.

The circuit remains in this condition until cards are
placed in the hopper at which time relay NC operates.
The operation of relay NC extinguishes the No Cards
lamp. While relay TCM is operated the input and cut:
put register lamps are prevented from lighting and the
input and ouiput register release keys are made ineffec-
tive in a manner which will be made clear hereinafter.
Following the operation of the Motor Start key, the
Mach. Start key is operated. When the reader H4 break
contact closes, a ground is closed through contact 4 of
relay MST operated, contact 5 of relay TCM operated,
contact 1 of Mach. Start key operated, contact I of relay
ST2 released, contact 2 of relay RLS released, contact 5
of velay RLM operated and the winding of relay ST1
to battery to operate relay ST1. When H4 break contact
opens, relay STZ operates in series with relay STI from
eround through contact 4 of relay ST1 operated through
the winding of relay STZ, contact 2 of relay RLS re-
leased, contact § of relay RLM operated and the winding
of relay ST1 to battery. When H4 break contact re-
closes, a ground is closed through contact 4 of relay MST
operated, contact 5 of relay TCM operated, contact 3
of relay ST1 operated, make contact 1 of relay STZ oper-
ated and the winding of relay ST3 to operate relay ST3
which locks through contact 3 of relay RLS released
and contact 3 of relay MON to ground. Operation of
relay ST3 by opening its contact § releases relay TCM.

Punch trouble—When a double punch or blank col-
umn condition occurs, negative potential is impressed
from terminals & and 1§ of the punch, Fig. 74, to operate
relay PT. The operation of relay PT by opening its
contact ¥ opens up the operating path extending through
terminal 5, Fig. 74, to the clutch control relay of the
punch, closes ground through contact 3. of relay SAL
normal, contact 6 of relay ST4 operated and the wind-
ing of relay TCM to operate relay TCM. The operation
of relay TCM closes ground from its contact & through
contact 3 of relay PT operated to light Punch Trouble
lamp. The same operation of the circuit occurs as above
described with the exception that instead of placing cards .
in hopper the reset switch Reset SW of the punch, Fig. 74,
is operated, The operation of the reset switch releases
relay PT which in turn extinguishes the Punch Trouble
lamp.

Lamps.~—Reading and input register lamps (Fig. 33).—
In Fig. 2 there are twenty-nine lamps representing the
twenty-eight reading pins of the Reader, plus one reading
position Read Pos. indicator lamp. These lamps are
labeled Reader or Imput Register Lamps. The reader
lamp key Read LPS, shown in Fig. 4, operates the reader
lamp connector relay RL to light the lamps in accordance
with a number of reader pins that are closed. The circuit
may be traced from battery through the winding of relay
RL, contact 1 of key Read LPS, contact 4 of relay 1L,
contacts 1 of relays 2L, 2L, 4L and 5L, contact 2 of
key Line 5, contact 1 of key Line 4, contact 3 of key
Line 3, contact 1 of key Line 2 and contact 1 of key
Line % to ground, all of the keys being normal as shown.
Relay RL, through its contact i, conmects the reader
contact J6 to the reading position lamp Read Pos, It
also connects the three A digit reader pins, A8, Al and
A2, with the correspondingly numbered A digit lamps, five
B digit reading pins B8, Bi, B2, B4 and B7 to the B digit
lamps, five C digit reading pins to the C digit lamps C8,
C1, C2, C4 and C7, five D digit pins to five D digit lamps
D¢, D1, D2, D4 and D7, five E digit pins to five E digit
lamps, EQ, E1, E2, E4 and E7 aad five F digit pins to
five F digit lamps ¥@, F1, F2, ¥4 and F7. The path over
which relay RL operated was traced through a back con-
tact of each of the input register relays 1L to 5L, inclu-
sive, - This down-check of the input register lamp con-
nectors is to prevent relay RL from operating whenever
any of the input register relay connectors is operated.
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This- prevents a possible back-up-from: an already oper-
ated: input register relay through the reader lamp con-
necter- to incorrectly operate some reading relay.

Tnput register lamp connectors—in addition to the
reader or input register lamips and the reader lamp key
Read LPS there are alsc provided input register Jamp
keys, labeled Input Reg. Lamps. These keys operate the
input register lamp connectors so that the lamps indicate
the registration in the register corresponding to the num-
ber of the key that is operated. For example, if the
key for the first Iine key Line 1 is operated, input registar
lamp connector relay 1L is operated from battery through
the winding of relay RL, contact 1 of key Line 1, con-
tact 2 of key Read LPS, contact 2 of relay TCM, con-
tact 7 of relay LPG, contact-5.of relay RL, contact 1 of
key Line 5, contact 2 of key Line 4, contact 2 of key
Line 3, contact 2 of key Line 2 and contact 2 of key Line
1 to ground. It will be observed that this path extends
through break contacts on each of the line lamp keys
other than the Line 1 key so that the path is open if
any other of these keys is operated at the time. Relay
1L closes a circuit so that a make contact ground on any
of the relays of the A or B digit of the entry type register,
Fig. 17, of the Cor D digit, Fig. 27, or the B or ¥ digit,
g. 37, lights the input register lamps corresponding to
the operated relays.

The circuit for operating the reader lamp relays ex-
tends through a contact of relay LPG to insure that the
lamps will light only when the start circujt is normal or
an-alarm is in.  The same circuit extends through a con-
tact of relay TCM to prevent the lighting of an input
register lamp when a punch trouble condition exists,

telay 2L connects the relays corresponding to the B
digit, Fig. .18, the C and D digits, Fig. 28, and the E and
F digits, Fig. 38, corresponding to the second line of the
tape to the Input-Register Lamps. Relays 31, 4L and 5L
similarly connect the relays corresponding to the B, C,
D, E and F digits in Figs. 19, 20 and 21 and 2%, 30 and
31, and 39, 40 and 41, respectively for the third, fourth
and fifth line of the tape.

Ling of entry lamps—There are five line of entry
lanips, one each in Figs. 8 to 12, inclusive. They indi-
cate which of the relays SR1 to SRS is operated, or in
other words which of the five input registers is in the
process of being filled or which will try to £ next. The
lamp operate paths extend from ground through contact
17 of relay RL; contact 5 of relay SR? or contact 3 of
relays SR2 to SR, depending upcn which SR~ relay is
operated, and the filament of the corresponding Ling-
lamp to battery lighting the particular lamp. Relay RL
contact 17 is-closed, making it possible to light the lamyps,
whenever the reader lamp key Read LPS is operated.

Alarin lamps—General alarm—Whenever the circuit
fails to progress after a short time limit, the SAL relay
operates as described in the foregoing which in turn con-
nects ground through its contact § to light Gen. Alarm
lamp.

RDR siep fail.

Whenever the reader drum fails to
step when signalad to do so, the RSF relay operates, as
describsd-in the foregoing, which in turn connects ground
through its contact 4 to light RDR Step Fail lamp.

RDR step hold—Whenever a reader step relay fails
to release, the RSH relav operates as described in the
Toregoing which in turn connects ground through its con-
tact 3 to light RDR Siep Hold lamp.

Alarm—~The ALM lamp lights from ground through
" the alarm relay AL whenever an alarm
condition cceurs,

Muchine pilo:—~The Machine Pilot lamp lights when-
ever an alarm condition occurs. Ground from contact
2 of relay AL operated through contact 2 of relay EAC
normal lights the Machine Pilot lamp. It is extinguished
when relay EAC relay operates due to ‘operation of the
Alarm’ Cut-Off key. ’

Tape section lamps.—Tape section’ 0-9°—Orie of the
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ten Tape Section 0-9, Fig. 22, lamps”lights to indicate
the' tape section being processed whes processing sum-
mary tape. Ground is clo-zd from contact 4 of relay
SA operated through contact § of ‘relay L8 normal, the
votatable switch arm and some particular contact of the
TH selector wafer 2 and a corresponding contact of relay
TS operated to light one of the ten Tape Section 0-9
lamps.

Last section.—When processing the last section of a
summary tape, relay LTH, Fig. 22, operates in a manner
to be described, which in turn closes ground from its
contact 1 to light the Last Section lamp.

iiscellancous lamps—>Master off-normal—Whenever
the circuit ‘is off-normal relay MON, Fig. 5, or relay
MLI, Fig. 22, operate as heretofore described which in
tra conaects ground from contact 16 of relay MON or
coniact 1 of relay MLK to light Master Off-Normal
famp, Fig. 22.

Off-normal —Véhenever: the cirenit is processing tape
relay RCD is operated which in turn connccts ground
from its contact 2 to light the Of-Normal lamp, Fig. 2.

Tape identity ~—Whenever the circuit is reading tape
identity relay T1 operates in a manner to be describsed
which in turn closes ground from contact 3 of relay
LPG through contact § of relay RL, contact i of relay
TI and-the filament of tape identity lamp Tape Ident.,
Fig. 35, to battery to light the lamp.

S&ip splice—Whenever the circuit is reading splice
patters relay SKP operates, as described in the fore-
going, which in tura closes ground, when relays RL and
L#G are operated, from contact 6 of relay RL through
contact & of relay LPG, contact 1 of relay SKP arnd
through the lamp filament to light the Skip Splice Jamp,
Fig. 14.

Punch trouble~—When a stoppage of the punch occurs
due to a double punch, biank column or a non-compari-
son indication for'a card rzlay PT operates which in turn
closzs ground through its contact 3 and the lamp filament
te light Punch Trouble lamp, Fig. 1.

No cards~—¥hen the card hopper of the punch be-
comes empty relay NC releases which in turn closes
ground from contact 6 of relay TCM operated and con-
tuct Z of relay NC through the lamp filament to battery
to light the No Cards lamp, Fig. 1.

input UP CK lamp.—When all five lines of thée input
register are filled and the sixth line has had the A digit
checked, a ground from contact 3 of relay LPG operated
passes through make contacts 3 of relay 6CX, 2 of relay
UCS, 2 of relay UC4, 2 of relay UC3, 2 of relay UC2,
2 of relay UCI and the lamp filament to battery to light
the Input Up-Check lamp, Fig. 7. Relay LPG is operated
whenever an alarm is in or whenever the start circuit is
normal.

When summary tapes are being processed make contact
1 on relay SA shorts around the portion of the path just
traced through contacts of relays 6C¥, UC5, UC4 and
UC3 so that the Input Up-Check lamp lights when the
first two lines of the regisier only are filied.

Output UP CX lamp—Whenever the output registers
are filled in a proper combination an up-check operates
relay RUC in a manner to be described. A ground from
centact 3 of relay LPG, which operates whenever there
is an alarm or the start circuit is nermal, passes through
contact 7 of relay RUC and the filament of the lamp to
light the Output Up-Check lamp.

Ser-up check lamps—The set-up check lamps, Fig. 34,
are lighted, as explained under the heading Set-Up Check
in the foregeing, whenever the set-up switches, Figs. 32
and 42, are changed after the first tape identity has been
checked.

Tape type lamp.—-The Tape Type lamp, Fig. 34, lights
when the Tape Type switch, Fig. 32, is changed. Ground
from contact.6.of relay RUC normal, contact 2 of relay
CL9Y normal, contact 9 of relay TIE operated, contact

4
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4 of relay OTT, contact 4 of relay ETT normal and the
filament -of the lamp to battery lights the Tape Type
lamp.

Marker group tens lamp-—The marker group tens
lamp, MKR GRP Tens, Fig. 34, lights when the marker
group tens switch Marker GRP Tens, Fig. 32, is changed.
Ground from contact § of relay CL9 normal, contact 9
of relay TIE operated, contact 4 -of relay OGT, contact
4 of relay EGT normal and the filament of the lamp to
battery lights the MKR GRP Tens lamp.

Marker group units lamp.—The marker group units
lamp, MKR GRP Units, Fig. 34, lights when the marker
group units switch Marker GRP Units, Fig. 32, is changed.
Ground from contact 1 of relay RUC and contact 2 of
relay CLS normal, contact 9 of relay TIE operated, con-
tact 4 of relay OGU, contact ¢ of relay EGU normal
and the filament of the lamp to batiery lights the MKR
GRP Units lamp.

Central office lamp~The central office lamp Cent.
Office, Fig. 34, lights when the central office switch Cent.
Office is changed. Ground from contact 1 of relay
RUC and contact 1 of relay CL2 normal, contact 9 of
relay TIE operated, contact 4 of relay OCO, contact 4
of relay ECO normal and the filament of the lamp to
battery lights the Cent. Office lamp.

Last day rens lamp.—The Last Day Tens lamp, Fig. 44,
lights when the Last Day Tens switch, Fig. 42, is changed.
Ground from contact % of relay RUC and contact 2 of
relay CL$ normal, contact 9 of relay TIE operated, con-
tact 4 of relay ODT, contact 4 of relay EDT normal and
the filament of the lamp lights the Last Day Tens lamp.

Last dey units lamp—The Last Day Units lamp,
Fig. 44, lights when the Last Day. Units switch, Fig. 42,
is changed. Ground from contact 1 of relay RUC and
contact 2 of relay CL9 normal, contact 9 of relay TIE
operated, contact ¢ of relay ODU, contact 4 of relay
EDU normal and the filament of the lamp lights the Last
Day Units lamp.

Month tens lamp—The Month Tens lamp, Fig. 44,
lights when the Month Tens switch, Fig. 42, is changed.
Ground from contact 1 of relay RUC and contact 2 of
relay CL® normal, contact $ of relay TIE operated, con-
tact 4 of relay OMT, contact 4 of relay EMT normal and
the filament of the lamp lights the Month Tens lamp.

Month units lamp.—The Month Units lamp, Fig. 44,
lights when the Month Units switch is changed. Ground
from contact 1 of reélay RUC and contact’ 2 of relay

-CL$ normal, contact 4 of relay TIE operated, contact 4

of relay OMU, contact 4 of relay EMU normal and the
filament of the lamp to battery hghts the Month Units.
lamp.

Quiput register lamp display—The output register
lamps, Fig. 52, of the tape to card converter and the as-
sociated keys, Fig. 13, and the lamp connector relays,

Figs. 52 to 62, make.it possible to observe various items

of information stored in the output registers, Figs. 63
to 72. Lamp leads are brought out from the registers,

n a two-out-of-five basis and under control of the keys
are connected o scme one particular set of six sets of
lamps arbitrarily designated A through F. The lamps are
arranged on a two-out-of-five digit basis. Associated with
the 0, 1, 2, 4 and 7 lamps for each digit is a sixth lamp
which may be of a distinctive color and which when
lighted indicates that the lamp group with which it is
associated will not be lighted as there is no corresponding
information as the contrelling register is not to be filled.
The exceptions to the two-out-of-five rule are the month,

and X punches which will be described below. The items

of information to be observed may be identified if desired
by means of .a chart, not shown, associated with the
lamps. A lamp may be lighted at either end of the line
to=be read under control of the associated key.

The keys associated with the output register are sup-
plied with ground from contact 18 of relay LPG operated,
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contact 3 of relay TCM released and through a -chain
circuit through a break coatact of each of seven keys
in the group to a make contact on the eighth or last key
of the chain as fcllows: break contacts 1,4, 1, 4, 4, 4 and
4 of keys Callng Office, Caliing No., Called Office, Called
No., CHG Time MU & CL, ANS Tlme, and Summary,
respectlvely, to make contact 2 of key Month. If a key
is operated, say the Calling Office key, the ground is
transferred from this to a path which extends through
the make contact 1 of the Calling Office key, break con-
tacts 3 of the keys Calling No., Called Office, Called No.,
CHG Time MU & CL, ANS Time, and Summary and
break contact 1 of key Menth to parallel paths which
connect to two make contacts in parallel on seven of the
eight keys. These make contacts are contacts Z and 3
of Calling Office l\ey, contacts 3 and 4 of Called Office
key and contacts I and 2 of keys CHG Time MU & CL,
Calling No., Called No., ANS Time and Summary. With
the key circuit thus arranged an operating circuit can be
cstablished only if one key is operated and all seven others
of the group are normal.

Caliing office key.—The operation of the Calling Office
key for detail calls or summaries will close a circuit from
battery through the filament of line three lamps L3L and
L3R in parallel, Fig. 13, to the ground shown to be con-
nected in the circuit last traced to contact 3 of the Calling
Office key, assuming this key only operated, to light the
lamps. The operation of the Calling Office key also
extends the ground comnected to its make contact 2
through the winding of relay OFA, Fig. 55, to battery
operating the velay. The A, B and C digits of the calling
office may then be read from the D, E and F digit lights,
respectively. For instance, in the case of lamp 1 of the
D digit lamp group, a cireuit may be traced from battery
through the filament of lamp i, contact 2 of relay OFA
to the Calling Office A Digit I‘e"latel Fig. 72, represented
by a rectangle, the details of which are shown in Fig. K,
where it is connected to ground through a contact on a
relay in the register circuit, the operation of which and
of the other register circuits shown in Figs. 63 to 72
will be made clear hereinafter. Calling office designation
is derived from a translator in a manner to be described.

‘Calling number key.—The operation of the calling
number key, Calling No., Fig. 13, will connect battery
1 lamps, LiL and LIR, in
paraliel to contact 3 of the key, to which ground is con-
nected when this key alone is operated, lighting the lamps. .
Simultanecusly, ground is extended through contact 2 of
the key and the winding of relay NA, Fig. 55, to battery
operating relay NA. The operation of relay MA connects
battery through the filament of cach of the lamps in
groups B, C, D and E, Fig. 52, through the contacts of
relay NA to ground in the Calling Number Thousands,
Calling Number Hundreds, Calling Number Tens reg-
isters, Fig. 71, and Calling Number Units register, Fig.
70, respectively. The registers are indicated by a rec-
tangle in these figures and are shown in detail in Fig. D.
The calling nwnber thousands, hundreds, tens and units
may then be read from the B, C, D and E digit lamps, re-

spectively. The calling number for both detail calls and

summaries is derived from the C, D; E and F digits of
the first line of the entry.

Called office key.~—~The operation of the Called Office
key for detail calls connects battery through the filaments
of line 3 lamps, L3L and L3R, in parallel, and contact .
13 of relay DA to contact 4 of the key, to which ground is
connected when this key alone is operated to light the
lamps for line 3. The operation of the key will also
connect ground through its coatact 3 and the winding
of the lamp connector relay CDA to battery to operate
the relay. The operation of relay CDA connects registers
for Called Area and Called Office A Digit, Fig. 68, and
Called Office B Digit and Called Office C Digit, Fig. 67,
to the C, D, E and F digit lamps, respectively. The reg-

isters are shown in detail in Fig. D. The area and three
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called office digits are read from the B, C, E and F digits,
respectively,-of the third line of a detail call entry.

Called number key—The operation of the Called
Number key for detail calls connects battery through the
filaments of line 1 lamps LIL and LIR in parallel through
contact 12 of relay DA and contact 2 of the key, to which
ground is connected as described to light the lamps for
line 1. The operation of the key will alse connect ground
through its coniact 2 and the winding of the lamp con-
nector relay CMA to operate the relay. The operation of
relay CNA connects the registers for the Called Number
Urits, Called Number Tens, Fig. 65, Called Number
Hundreds, Called Number Thousands, Called Number
Tea Thouosands, Fig. 66, and Called Party, Fig. 67 to the
Ouiput Register lamps, Fig. 52. The registers are shown
in detail in Figs. C, D, E and F as indicated in the cor-
responding rectangle cn the drawing. The called mun-
ber may then be read from the A through F digit lamps as
follows:

4. A three-digit number will light the C, D and B digit
Output Register Lamps for hundreds, tens and units, re-
spectively. Ground from contacts 2 and 1 of relay NPY
operated in the Cailed Party register, Figs. 67 and F
through contacts 31 and 33, respectively, of relay CNA
will light lamp BL in lamp group A and lamp BL in lamp
group ¥, Fig. 52, while ground from. contact 5§ of relay
3DN operated through contact 17 of relay CNA and the
filament of lamp BL in group B will light this lamp.

b. A four-digit number will light the B, C, D and E
digit lamps for thousands, hundreds, tens and units, re-
spectively.  Ground from NPY operated will light lamp
BL in lamp group A and BL in lamp group F, Fig. 52,
as described in the foregoing,

c. A four-digit number with a party letter will light
the B, C, D and E digit lamps, Fig. 52, as above and in
addition two F digit lamps to indicate the IRM under-
punch equivalent of the party letter. Ground from the
operated relay in the party cutput register will light lamp
BL in group A, Fig. 52 as described in the foregoing.

d. A five-digit number will light the A,B,C,Dand E
digit lamps for ten thousands through units, respectively.
Since a five-digit number will never have a party letter,
lamp BL in group F will not be lit. Called number for
a detail call is read from the B through F digits of the
fourth line of the tape entry.

Charge time MU and class key.—The operation of the
charge time, message units and class, CHG Time, MU
and CL, key will connect battery through lamps L4L and
L4R in parallel and contact 15 of relay DA operated
to ground on contact 1 of the key to light the lamps.
Simultaneously ground will be supplied from contact 2 of
the key through contact 16 of relay DA and the winding
of lamp connector relay CUA, Fig. 52, to operate relay
CUA. Automatic message accounting class, minute, tens
and units of chargeable time and tens and units of mes-
sage units may then be read for detail calls from the B,
C, D, E and F digit lamps, respectively. When message
units are to be blanked, a ground from contact § of relay
NMU operated, Fig. 62, will ight lamps BL of group E
and BL of group F. For charge calls, ground through
contact ¥ of relay 11X, Fig, A, Fig. 63, and contact 7 of
relay CUA, Fig. 62, will light lamp Charge X. For no
charge calls, ground threugh contact 1 of relay 12Y, Fig.
A, Fig. 63, and contact 1 of relay CUA will Light lamp No
Charge Y. Automatic message accounting class is de-

rived from a translator and tens and units of chargeable

time and message units are read from the C through F
digits of the fifth line of a detail call entry.

Answer time key—The operation of the answer time
ANS Time key for detail calls will light the lamps for
lice 2 L2L and L2R through contact 14 of relay DA and
contact 1 of the key and will operate the lamp connector

relay ATA, Fig. 54, through contact 2 of the key and

contact 11 of relay DA: The .operation of relay ATA
will connect the registers for Answer Day Tens, Fig. 70;
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Fig. J, Answer Day Units, Fig, 69, Fig. D, Answer Hour
Tens, Fig. 70, Fig. H, Answer Hour Units, Fig. 69, Fig. D,
Answer Minute Tens, Fig. 62, Fig. G and Answer Min-
ote Units, Fig. 68, Fig. D to the A threugh F digit lamps,
Fig. 52, respectively. The three units digits of answer
time are taken directly from the B, E and F digits of the
second line of a detail enfry, The three tens digits are
derived from a translater.

Month key~—The operation of the Month key for de-
tail calls or summaries will extend ground through contact
i of seme cne of the twelve relays JAN to DEC in the
month register, Fig, B in Fig. 63, to light a corresponding
one cf the twelve JAN to DEC lamps. The JAN-DEC
month is derived from the set-up switches.

Summary key.—The operation of the Summary key for
summaries only will light the lamps for line 1, LiL and
LIR through contact 22 of relay SA and contact 1 of the
key and will operate the lamp connector relay SMA from
greund through contact 2 of the key and contact 22 of re-
Jay SA. The operation of relay SMA will connect the
registers for the Summary Thousands, Fig. G, Fig. 69,
Summary Hundreds, Fig. D, Fig. 69, Summary Tens,
Fig. D, Fig. 69, and Summary Units, Fig. D, Fig. 68
to the groups of lamps for the B, C. D and E digit, respec-
tively. The message unifs of a summasy entry are read
contact 1 of relay 12Y operated in register A, Fig. 63
directly from the C, D, E and F digits of the second line.
If there are fewer than 1000 message units, ground from
contact 1 of relay 12V operated in register A, Fig. 63,
through contact 2 of relay SMA operated will light lamp
Under 1000 MU Vv, Fig. 52. If there are 1000 message
units in the summary ground from contact 1 of relay 11X
operated in the Overpunch register Fig. A, Fig. 63,
through contact 12 of relay SMA operated will light
Jamp 1000 MU X.

Types of tapes and tape identity checking~—Detail type
tape~Reading and checking leading tape identity —
When the reader has stepped the tape by all the 081010
lines of splice pattern the next line read is the first line
of leading tape identity. The operating ground of the L1
to L9 relays is a path which will hereafter be called the
289 check. The 289 check starts from ground through
G1 contact closed and break contact 1 of relay RX re-
leased or G2 contact closed and make contact 2 of relay
RK operated, through contact 9 of relay ST3 operated,
contact & of relay RCD operated, through two-out-of-
five check of the B, C, D, E and F digit reading relays,
contact 3 of relay A0, contact 2 of relay Al released,
contact 2 of relay A2 operated, contact 2 of relay B7 and
contact 2 of relay B1 operated, contact 2 of relay C7 and
contact 3 of relay C2 operated and contact 1 of relay
SR1 operated at which point it is steered to the proper L1
to L9 relays by the particular D digit reading relays, Fig.
26, which are operated.

In anticipation, and as an elaboration o
description to follow, it will be observed the
289 check, which checks the lines of tap:
from' ground on the Gi or G2 cont:
passes through the contacts of several co
then through a two-sut-of-five check s
and F sections of the taps readin s shown in ¥
16, 26 and 36. This insures first that there is
operation of these sections of the tape reading relays.
Then the path is reguired (o pass through contacts of
a relay which identifies a 2 in the A secticn, and through
contacts of two relays in each of the B and O sections
which identify an 8 in the R section and a ¢ i the O
section of the same reading relays. Since each of the
nine consecutive lines on the tape assigned to tape identity
has 289 for its first three digits, after completing the
two-out-of-five check for each line, the relays identifying
2, 8 and 9 in the A, B and C seciions, respeciively, of
the tape reading relays must be found to be operated
when checked for each of the niné lines. Following the
first-three or A, B, C digits, that is following 289, the’

S
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fourth-or D digit corresponds to the number of the line
in the nine line sequence of tape identity. For the first
line, the number following 289 is 1, for the second line,
following 289 the number is 2, that is the first four digits
of the first line are 2891 and of the second line they
are 2892, and so on for the nine lines of tape identity.
The path extends through the contacts of two relays in
the D section of the line reading relays identifying 1 for
the first line, a 2 for the second line and so on consecu-
tively for each of the nine lines. The path after passi'w
through this fourth or D digit section of the line reading
relays is then further extended through a coniact on each
of a group of check line relays, identified as CL? to CL%
in Figs. 35 and 45, to operate an individual L- or line
relay for each line corresponding to the number of the
tape identity line being read. These r¢ lavs, shown in Figs.
35 and 45, are designated as relays L1 to 1.9 inclusive for
tape identity lines 1 to 9, respectlvely Each of these
nine L- relays inust be operated in numerical sequence
by the nine lines of tape identity.

it will be observed that only four, the left-hand four,
of the six digits appearing in each line of tape identity
are required to effect the operation of the L- relay corre-
sponding to the particular line. In the case of certain
of the lines of tape identity the digits in the E and F,
or fifth and sixth positions of the line are significant and in
other lines they are not. In the case of the first line of
leading tape identity the fifth digit identifies the type
of tape and must be compared with a seLtmg of the tape
type switch shown in Fig. 32. As mentioned heretofore,
the tape type switch, and other switches, shown at the
top of Figs. 32 and 42, are set manually before a tape
is run to ceriain positions corresponding to those which
identify the type of tape and which check other informa-
tion which identifies the tape expected to be run. It is
assumed that the number 5 in the fifth or E digit posi-
tion identifies the tape being presently considered. After
the LI relay, corresponding to line 1, is operated, the
289 check path is again extended through contacts of two
relays corresponding to the digit 5 in the E section of
the reading relays and through a corresponding contact
on the tape type switch. It will be observed that there
are four banks on the tape type switch. Each of the
four banks has six terminals thereon. In the unoper-
ated position of the switch, the manually operated rotary
contact individual io each bank is in engagement with the
top or number 1 terminal of éach bank. There are five
active terminals on each of the four banks. The second
to the sixth termingls inclusive, in each instance corre-
spond to tape types which are identified by digits 1 to 5.
When the rotors of the tape type switches are manually
operated to engage the lowest or sixth terminal in each
bank they are in position to check tapes whose identifying
number is 5. This is checked against the information
in the fifth or E digit position of the number appearing
in the first ¢f the nine lines of tape identity. Thus, of the
digits appearing in the first line of leading tape identity,
namely 289153(, the 2, 8 and 9 constitute the 289 check.
This appears in each of the nine lines of tape identity,
both leading and trailing. The fourth digit, which is 1,
identifies line 1. The fifth digit which is 5 identifies the
tape type. The setting of the E group of relays for this
iine must be checked against the setting of the tape type
switch, The sixth digit X is without significance in the
present machine, except that the position must be filled
with some digit to afford the two-out-of-five check.

In the second line the digits are 2892MG. The 28%
affords the 289 check and identifies the entry as one of
the nine lines of tape identity. The 2 in the fourth, or
D digit, position identifies the second line. It operates
relays in the I section of the register and then the relay
1.2 for line 2. The operation of relay L2 in turn checks
the information in the fifth or E digit position -and in
the sixth or F digit position recorded in the second line
of tape identity in the tape and in the E and F groups

10

15

20

30

35

de
<

50

66

60

85

70

75

44

of reading relays against the setting of the marker group
tens and marker group unifs switches which have been
preset manually. To identify the marker group, in which
marker group the tape being processed originates, re-
quires a two-digit number. Therefore two marker group
switches are required, one for the digit in the tens posi-
tion of the marker. group number and cne for the digit
in the units position. Therefore the operation of relay
12 in turn checks the digit in the fifth or E section of
the second line of tape identity and reading register against
the setting of the marker group tens switch and also
checks the digit in the sixth position against the setting
of the marker group units switch.

The digits in the E and F positions of the thlrd fourth,
fifth and sixth lines of leading tape identity, even when
specific digits are indicated in these positions in any of
these lines, are without significance in the present machine,
Where specific digits are indicated they have significance
in other types of machines employed in tape processing.

In the case of the seventh line of leading tape identity,
the digit in the fifth or E position and the digit in the
sixth or F position of the number are checked against
the setting of the last day tens and last day units switches
at the top of Fig. 42. The tape identity information in-

5 cludes an item which identifies the last day of the period

on which the tape being run applies. This is checked by
means of a comparison of the digits in the E and F sections
of the line reading relays against the setting of the last
day tens and last day units switches after relay L7 is
operated in the usual manner.

In the ninth line of tape identity the E and F digits
represent the month tens and month units and are checked
against the setting of the corresponding switches at the
top of Fig. 42.

Each of the six digit numbers iz each of the nine lines
of trailing tape identity is the same as the number of
the corresponding line of leading tape identity. Each fape
is thus double checked once before and once after being
run. This affords insurance against ihe erronecus splicing
of portions of two different tapes should a tape be torn
in processing for instance.

Line 1 (Tape type).—The first line of tape identity
is 28915X. X is any number in the F digit. Relay L1
operates from ground through the 289 check through con-
tact 2 of relay D¢ and contact 4 of relay DI operated,
through contact 4 of relay CL9, contact 3 of relay CLS,
contact 5 of relay CL7, and contact 3 of each of relays
CLs6, CL5, CL4, CL3, CL2, CL1 and the winding of relay
L1 to battery. Relay L1 operated locks through its con-
tact 4 around contact 3 of relay CL1 to its operating
path. The operation of relay 1.1 by opening its contact
1 releases relay SKP and cioses a ground from 289 check
through contact 12 of relay TIE released, contact 2 of
relay L1 operated, contact 2 of relay £1 and contact 5
of relay E4 operated, contact é and arm ¥ of Tape Type
switch, contact 8 of relay L1 operated, arm 2 and contact
6 of Tape Type switch, contact 7 of relay L1 operated
through terminai 16, Column 7, Fig. 83, through the
punch plug board connector, through termmal i5, column
7, Fig. 83, and the winding of relay RS, Fig. i5, to battery
to operate relay RS which locks through its terminals 3
to H3 break comtact of the reader. Relay Li through
its contact 3% also closes a ground to operate relay Ti,
Fig, 35, which locks through its contact 2, contact 13
of reiay TIE released and contact 1% of relay ST3 oper-
ated to ground. The operation of relay RS closes ground
from contact 9 of relay SKP released, contact 4 of relay
RS, contact 5 of relay L1 operated and the winding of
relay CL1 to baitery to operate relay CL1 and by closing
contact 1 of relay RS operates the STEP magnet of the
reader. Relay CL1 operated locks through its contact 2
operated, contacts 2 of relay CL2 to CLS6, respectively,
contact 4-of relay CL7, contact 2 of velay CL8, contact
3 of relay TIE and contact 1 of relay ST3 to ground.
Relay CL1 operated closes a path from ground through
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contact 1% of relay MON through Tape Type switch arm-

4, contact 6, contact 4 of relay CL1 operated and the wind-
ing of relay ETT to batiery io cperate relay ETT which
locks through its contact 2 and resistor 345 to the operat-
ing path around contact 4 of relay CL1. Relay L1 re-
leases when the reading relays release.

Line 2 (marker group) —Tthe second line of tape iden-
tity is 2892MG. M is the marker group tens. in the B
digit and G is the marker group units in the F digit.
Delay L2 operates from ground through the 28% check
through contact 2 of relay D¢ and contact 4 of relay
DZ operated, contact ¥ of relay CLI operated and the
winding of relay L2 to battery and locks through its con-
tact 3 to- the operating path- arcund contact 1 of relay
CLi. Relay L2 closes a ground from contact 1 of relay
L2 operated, through two E digit reading relays operated,
such as contact 3 of relay E2 and contact 4 of relay E7
for digit 9 to lead 9, through marker group tens, Marker
GRP Tens, switch contact 14, arm 1, contact 5 of relay
LZ operated, marker group units, Marker GRP Units,
switch arm i, some contact such as. 8 corresponding to
digit 6, through two F digit reading relays operated, for
digit 6, contact 4 of relay F4 and contact 2 of relay F2,
contact Z of relay LZ operated and the winding of relay
RS to operate relay RS which locks to the 33 break con-
tect of the reader. The marker group tens and marker
group units switches are preset to positicns in accordasnce
with information received with the tape. If the tape digits
E and F respectively match the positions of the switches
when reading the second line, the path will be closed
threugh. The operation of relay RS by closing its con-
tact § closed ground from contact 9 of relay SKP released
through contact 4 of relay L2 operated and the winding
of relay CL2 tc operate relay CL2 and operates magnet
STEP of the reader. Relay CLZ locks from grovad on
contact 11 of relay ST3 operated, contact 3 of relay TIE
released, through a path traced through contacts of relays
CLZ to CLS released and centact 2 of relay CLZ. Relay
CL2 operated, by opening its back contact 2, releases relay
CLi. Relay CLZ alsc closes ground from:coniact i% of
relay MON operated, through arm 3 and the odd or even
contacts of the Marker Group Tens switch, contact 7
or & of relay CL2 operated and the winding of relay
OGT or EGT to battery to operate either relay OGT or
EGT, respectively. ' The operated relay then locks through
its respective confact 2 and resistance 342 or 346 to the
operating path around the contact of relay CLZ. At the
same time ground is closed from contact 17 of relay
MON operated, through arm 3 and the odd or even con-
tacts of the Marker Group Units switch, contacts 5 or 4
of relay CL2 operated and the winding of refay OGU
or EGU, respectively, to operate either relay GGU or
EGU. The operated relay locks through its respeciive
contact 2 and resistance 343 or 347 to the operating path
around the contact-of velay CL2. The speration of relay
CGT or FGT and OGU or EGU depends on the positions
of the switch settings. Relay LZ releases when the read-
ing relays release.

Line 3.—The third line of tape.identity is 289333, X
represents any number in the B and F digits. Relay L3
operates from ground through the 289 check, contact 2
of relay D1, contact 3. of relay D2 operated, contact 1 of
relay. CL2 operated and the winding of relay L3 to batiery
and Jocks to the operating path around contact 1 of relay
CLZ. Relay L3 operated closes a ground to operate relay
RS over a path which should be understood from the
foregoing. Relay RS operated locks to H3 break contact
of reader. The operation .of relay RS closes ground from
coniact @ of relay SKP released, through contact & of
relay RS, contact 3 of relay L3 operated and the winding
of relay CL3 to operate relay CL3. The operation of
relay RS also operates the Step magnet of the reader.
Relay CL3 locks to relay ST3 operated, relay TIE re-
leaszd and:through contacts of relays- CL4 to. CL$ re-

leased and unlocks relay CL2. Relay L3 releases when
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the reading relays release: These operations should be
apparent from the detailed descriptions under previous
headings.

Line 4 —The fourth line of tape identity is 2894XX. X
represents any number in the E and F digits. Relay L4
operates from ground through the 289 check, contact of
relay D6 and contact of relay D4 operated, contact 1 of
relay CL3 operated and locks to the operating path around
contact 1 of relay CL3. Relay L4 closes a ground to op-
erate relay RS which locks to H3 break contact of the
reader. The operation of relay RS closes ground through
relay SKP released and relay 14 operated to operate re-
lay CL4 and operates the Step magnet of the reader.
Relay CL4 locks to relay ST3 operated, TIE released
and through contacts of relays CL5 to CL8 released and
unlocks CL3. Relay L4 releases when the reading relays
release. The circuits are similar to circuits heretofore
traced. These operations should be understood from the
foregoing.

Line 5 (central office) —The fifth line of tape identity
is 289500. Relay L5 operates from ground through the
289 check, contact 2 of relay D1, contact 4 of relay D4
operated, contact 1 of relay CL4 operated and the wind-
ing of relay L5 to battery and locks to the operating path
around contact 1 of relay CL4. Relay L4 closes a ground
from contact 1 through contact 4 of relay L5 operated,
contact 18 of relay DA operated, through contact 1 and
arm 1 of Central Office switch normal, contact 5 of relay
L5 operated and the winding of relay RS to operate relay
RS which lecks to H3 break contact of the reader. The
operation of relay RS closes ground from relay SKP re-
leased-and through relay L5 cperated to operate relay CL5
and operates the Step magnet of the reader. Relay CL5
locks to relay ST3 operated, relay TIE released and
through contacts of relays CL6 to CL8 released and ua-
locks relay CL4. Relay CL3 also closes ground from
contact 17 of relay MON operated, through arm 1 and
the odd contacts of the Central Office switch, contact 5
of relay CL5 operated and the winding of relay GCO to
operate relay OCC which locks to the operating path
around contact 5 of relay CL5. Relay L3 releases when
the reading relays release.

Line 6.—The sixth line of tape identity is 289690. Re-
lay L6 operates from ground through the 289 check
through contact 2 of relay D2 and contact-3 of relay D4
operated; contact 1 of relay CLS cperated and the wind-
ing of relay L§ to battery and locks to the operating
path around contact 1 of relay CLS. Relay L& closes
a ground to operate relay RS which locks to the H3 braak
contact of the reader. The operation of relay RS closes
ground from relay SKP released and through a contact
of relay L6 operated to operate relay CL§ and operate
the Step magnet of the reader. Relay CL6 locks to relay
ST3 operated, relay TIE released and through contacts of
relays CL7 and CLS8 released, and unlocks relay CL3.
Relay L6 releases when the reading relays release.  Cor-
responding circuits have hereiofore been traced for cther
“lines.”

Line 7 (last day).—The seventh line of tape identity is
2897LD. L is the Last Day Tens in the E digit and © is
the Last Day Units in the F digit. Relay L7 operates
from the ground through the 289 check through contact
2 of relay D7 and contact 3 of ralay D3 cperated, con-
tact 1 of relay CL§ operated and the winding of relay
L7 to battery and locks to the operating path around can-
tact 1 of relay CL6. Relay L7 closes a greund from. iy
contact 1 through contact 18 of relay D4 gperated, and
the winding of relay RS to operate reley B8 which locks
to the I3 break contact of the reader. The cperation of
relay RS closes ground from contact 9 of relay SKP
released, contact § of relay RS, contact 4 of relay L7 op-
erated and the winding of relay CL7 to operate relay CLY
and operates the Step magnet of the reader. Relay CL7
locks to relay ST3 operated, relay TIE released and relay
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CL8 released and unlocks relay CL6. Relay CL7 also
closes ground from contact 3 of the TH selector normal,
through contact 4 of relay DA operated, contact 7 of
relay CL7 operated and the winding of magnet ROT to
energize the rotary, ROT, magnet of the TH selector.
The ROT magnet steps the TH selector off-normal which
opens contact 3 of the TH selector which in turn de-
energizes the magnet ROT. The TH selector closes a
ground through contact 2 and the winding of relay MLK1
to operate relay MLK. Relay CL7 cleses grcund from
contact 18 of relay MON operated through arm 4 of
Last Day Units switch, odd or even contacts of the switch
depending on the setting, through contacts 10 or % of
relay CL7 and the winding of relay ODU or EDU to bat-
tery operating either relay ODU or EDU. The operated
relay locks through its respective contact 2 and resistor
442 or 446 around the contact of relay CL7 in its op-
erating path. Corresponding circuits may be traced
through the Last Day Tens switch to operate and lock
relay ODT or EDT. Relay L7 releases when the read-
ing relays release.

Line 8 (thousands and flexible).—The eighth line of
tape identity is 2898X0. X represents any number in the
E digit and since the circuit, as shown, is arranged for
processing on a flexible basis rather than a round basis
the F digit is 0. Relay L8 operates from ground through
the 289 check, contact 2 of relay D7 and contact i of
relay D1 operated, contact 3 of relay CL7 operated and
the winding of relay L8 to battery and locks to the operat-
ing path around contact 3 of relay CL7. Since process-
ing is on a flexible period basis the operating path of relay
RS is from ground on contact 1 of relay L8 operated
through contact 5 of relay DA operated and the winding
of relay RS to operate relay RS. The operation of
relay RS closes ground from contact ® of relay SKP re-
leased through contact 6 of relay RS, contact 4 of relay
L8 operated and the winding of relay CL$8 to operate
relay CL8 and operates the Step magnet of the reader.
Relay CLS$ locks to relay ST3 operated and relay TIE
released and unlocks relay CL7. Relay L8 releases when
the reading relays release.

Line 9 (month)~—The ninth line of tape identity is
2899M0O. M represents Month Tens in the E digit and
0 represents Month Units in the F digit. Relay 19 op-
erates from ground through the 289 check through con-
tact 2 of relay D2 aand contact 3 of relay D7 operated,
contact 1 of relay CL3 operated and the winding of relay
L9 to batiery and locks to the operating path around
contact 1 of relay CL8. Relay L8 closes a ground from
contact 1 of relay L? operated, through contacts of -two
E digit reading relays operated, such as relay E7, con-
tact 5 and relay E4, contact 3, through contact 1 of the
Month Tens switch, switch arm 1, contact § of relay L9
operated, Month Units switch arms 1 and contact 1,
through the contacts of two F digit reading relays oper-
ated, for the 0 digit, contact 3 of relay F7 and contact 2
of relay F4, contact 2 of relay 19 operated and the
winding of relay RS to battery to operate relay RS which
locks to H3 break contact of the reader. If the tape
digits B and F, respectively, match the positions of the
Month Tens and Month Units switches when reading the
ninth line, the path will be closed through. The opera-
tion of relay RS closes ground from contact 9 of relay

SKP released, contact 6 of relay RS, contact 4 of relay |

1.2 operated and the winding of relay CL# to battery to
operate relay CL9 which locks to relay CL8 operated.
Relay CL#9 operates relay TIE from ground through con-
tact 1 of relay CL9 and closes ground from contact 1%
of reiay MON operated, through switch arm 3 and say
contact Z of the Month Tens switch and contact 7 of
relay CLY operated and the winding of relay EMT to
battery or through contact 3 of the swiich and contact
8§ of relay CL9 and the winding of relay OMT to operate
either relay EMT or OMT. The operated relay locks
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to the operating path around the contact of relay CL9
in its operating path. At the same time ground is closed
from contact 19 of relay MON operated, through arm
4 and either the odd or even contacts of the Month Units
switch and contact § or 5 of relay CL9 operated and the
winding of relay OMU or EMU to operate either relay
OMU or EMU. The operated relay locks to the operating
path around the contact of relay CL9 in its respective
operating path. The operation of relay OMT or EMT
and relay OMU or EMU depends on the position of the
switch settings. Relay TIE locks from battery through
its winding and contact 6, through contact 21 of relay
MON operated, contact 1 of relay SP6 and contact 18
of relay L1 to ground. The operation of relay TIE
by opening its contact 3 unlocks relays TI and CLS,
the latter which in turn by opening its contact 4 unlocks
relay CL9. Relay 19 releases when the reading relays
release. Relay TIE by closing its contact 2 also operates
relay CTI which locks through its contact 4 and contact
7 of relay MLK operated to ground.

Reading and checking trailing tape identity—When the
reader has stepped the tape by the last call entry, the
next line read is the first line of trailing tape identity.

Line 1.—The first line of tape identity is 28915X. X
represents any number in the F digit. Relay L1 operates
from 289 check through D& and D1 operated and
through CL#® to CL1 released and locks through its con-
tacts 4 and 6 and contact 11 of relay TIE operated to
ground. When the late make contact J§ of the reader
opens, relay TIE releases which in turn unlocks relay
L. On the next cycle of the reader the first line is re-
read and operation is the same as line 1 of leading tape
identity.

Line 2-line 6. —Operation is the same as line 2 to line
6 of leading tape identity.

Line 7—Operation is the same as line 7 of leading
tape identity except for the operation of CL7 does not
energize the ROT magnet.

Line 8-line 9.—Operation is the same as Iine
line 9 of leading tape identity.

Message unit detail type tape~—Reading and checking
leading tape identity—When the reader has stepped the
tape by all the 081010 lines of splice pattern the next line
read is the first line of leading tape identity.

Line 1.—The first line of tape identity is 289133
Operation is the same as line 1 of leading tape identity
of detail tapes except the operating path of relay RS is
from ground through the 289 check, through contact 12
of relay TIE released, contact 2 of relay L1 operated,
contact 2 of relay E1 and contact 4 of relay E2 operated,
contact 4 and arm 1 of Tape Type switch, contact 8 of
relay LI operated, arm 2 and contact 4 of the Tape Type
switch, contact 7 of relay L1 operated, contact 16 of
column 7, Fig. 83, the Punch Plug Board Connector, con-
tact 15 of column 7 and the winding of relay RS to
battery.

Line 2-line 9.—Operation is the same as line 2 to line
9 of leading tape identity of detail tapes.

Reading and checking trailing identity —When the
reader has stepped the tape by the last call entry, the
next line read is the first line of trailing tape identity.

Line I.—The first line of tape identity is 28913X. Op-
cration is the same as line 1 of trailing tape identity of
detail tapes: except the operating path of relay RS is
ground from 289 check, through contact 12 of relay TIE
released, contact 2 of relay L1 operated, contact 2 of re-
lay Ei and contact 4 of relay E2 operated, contact 4 and
arm 1 of Tape Type switch, contact § of relay L1 op-
crated, arm 2 and contact 4 of Tape Type switch, con-
tact 7 of relay L2 operated, through contact 16 of column
7, through punch plug board connector, through contact
15 of column 7 and the winding of relay RS to battery
operating relay RS.

g and
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Line 2-line 9 —QOperation is the same as line 2 to line
9 of leading tape identity of detail tapes.

Toll type tape~—Reading and checking leading tape
identity—When the reader has stepped the tape by all
the 081010 lines of splice pattern the next line read is
the first line of leading tape identity.

Line 1.—The first line of tape identity is 28912X.
Operation is the same as line 1 of leading tape identity
of detail tapes except as follows: The operating path of
RS is ground from 289 check, through contact 12 of
relay TIE release, contact 2 of relay L1 operated, con-
tact 2 of relay E0 and contact 5 of relay E2 operated,
contact 3 and arm 1 of Tape Type switch, contact 8 of
relay L1 operated, arm 2 and contact 3 of Tape Type
switch, contact 7 of relay L1 operated, through contact
16 of column 7, through the punch plug board connector,
contact 15 of column 7 and through the winding of
relay RS to battery. Ground is connected from contact
17 of relay MON operated, through arm 4 and an odd
contact of Tape Type switch, contact § of relay CL1
operated and the winding of relay OTT to operate relay
OTT instead of relay ETT. Relay OTT locks through
resistor 341 to its operating path around CL1 contact.

Line 2-line 9.—Operation is the same as line 2 to
line 9 of leading tape identity of detail tapes.

Reading and checking trailing tape identity.—When
the reader has stepped the tape by the last call entry,
the next line read is the first line of trailing tape identity.

Line 1.—The first line of tape identity is 28912X.
Operation is the same as line 1 of trailing tape identity
of detail tapes except as follows: Operating path of relay
RS is ground from 289 check, through contact 12 of
relay TIE released, contact 2 of relay L1 operated, con-
tact 2 of relay E§ and contact 5 of relay B2 operated, con-
tact 3 and arm 1 of Tape Type switch, contact 8 of
relay L1 operated, arm 2 and contact 3 of Tape Type
switch, contact 7 of relay L1 operated, through contact
16 of column 7, through the punch plug board connector,
contact 15 of column 7 and the winding of relay RS to
battery operating relay RS. Relay OTT remains locked.

Line 2-line 9—Operation is the same as line 2 to
line 9 of trailing tape identity of detail tapes.

Observing type tape.—Reading and checking leading
tape identity ~—When the reader has stepped the tape by
all the 081010 lines of splice pattern the next line read
is the first line of leading tape identity.

Line ].—The first line of tape identity is 28914X.
Operation is the same as line 1 of leading tape identity
of detail tapes except as follows: The operating path of
relay RS is ground from 289 check, through relay TIE
released, relay L1 operated, contact 3 of relay E4 and
contact 3 of relay EC operated, contact 5 and arm 1 of
Tape Type switch, contact 8 of relay L1 operated, arm

2 and contact 5 of Tape Type switch, contact 7 of relay

L1 operated, through contact 16 of column 7, through
the punch plug board connector, contact 15 of column 7
and the winding of relay RS to battery, operating relay
RS.  Relay CLI closes a ground from contact 17 of relay
MON operated, through arm 4 and contact 5 of Tape
Type switch and contact § of relay CL1 operated to
operate relay OTT instead of relay ETT. Relay OTT
locks through resistance 341 to its operating path around
contact 5 of relay CL1.

Line 2-lirie 9.—Operation is the same as line 2 to line 9
of leading tape identity of detail tapes,

Reading and checking trailing tape identity ~—When
the reader has stepped the tape by the last call entry,
the next line read is the first line of trailing tape identity.

Line 1.—The first line of tape identity is 28914X.
Operation is the same as line 1, of trailing tape identity
of detail tapes except as follows: Operating path of relay
RS is ground from 289 check, through contact 12 of relay
TIE released, contact 2 of relay L1 operated, contact 3
of relay E4 and contact 3 of relay EO operated, contact 5
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and: arm 1 of Tape Type switch, contact 7 of relay L1
operated, arm 2 and contact 5 of Tape Type switch, con-
tact 7 of relay L1 operated, contact 16 of column 7,
through the punch plug board connector, contact 15 of
columan 7 and the winding of relay RS to batiery operat-
ing relay RS. Relay OTT is not required to be operated
as it is locked since its earlier operation.

Line 2-line 9.—Qperation is the same as linz 2 to line 9
of trailing tape identity of detail tapes.

Message unit summary tape—Reading and checking
leading tape identity of first tape—When the reader has
stepped the tape by all the 081010 lines of splice pattern
the next line read is the first line of leading tape identity.

Line 1—The first line of tape identity is 289117.
Relay L1 operates from 289 check, through contact 2
ot relay D and contact 4 of relay Di operated, through
& path heretofore traced, through the contact of relays
CLS to CL1X released and the winding of relay L1 to
battery and locks to its operating path around contact 3
of relay CL1 contact. Relay L1 releases relay SKP and
closes a ground from the 289 check, through contact 12
of relay TIE released, contact 2 of relay L1 operated,
contact 2 of relay E0 and contact 3 of relay E1 operated,
contact 2 and arm 1 of Tape Type switch, contact 8 of
relay L1 operated, arm 2 and contact 2 of Tape Type
switch, contact 4 of relay F0 and contact 2 of relay F7
operated, contact 3 of relay Li operated, through con-
tact 17 of column 7, through the punch plug board con-
nector, contact 13 of column 7 and the winding of relay
RS to operate relay RS which locks to H3 break contact
of the reader. Contact 10 of relay L1 also closes a
ground through the winding of relay T1 to operate relay
T1 which locks through contact 3 of relay TIE released
and contact i1 of relay ST3 to ground. The operation
of relay RS closes ground from contact 9 of relay SKP
released and through contact 6 of relay RS, contact 5 of
relay L1 operated and the winding of relay CL1, to
operate relay CL1 and operates the Step magnet of the
reader. Relay CL1 locks through contacts of relays CL2
to CL8 released, contact 3 of relay TIE released and
contact § of relay ST3 to ground. A ground is supplied
from contact 17 of relay MON operated, through arm 4
and contact 2 of Tape Type switch, contact 4 of relay
CLY operated and the winding of relay ETT to battery
to operate relay ETT which locks to its operating path
around contact 3 of relay CL1 contact. Relay L1 re-
leases when the reading relays release,

Line 2-line 4—~Operation is the same as line 2 to line
4 of leading tape identity of detail tapes.

Line 5—The fifth line of tape identity is 2895-OFF-0.
OFF represents Central Office in the E digit. Relay L5
operates from ground through the 289 check, contact 2
of relay D1 and contact 4 of relay D4 operated, contact
1 of relay CL4 operated and the winding of relay L5 to
battery and locks to its operating path around contact
1 of relay CL4, Relay L3 closes a ground from con-
tact 1 of relay L3 operated, through the contacts of two
E digit reading relays operated for the digit in the fifth
or E position which it will be assumed is 3. The circuit
therefore extends through contact 2 of relay E1 and con-
tact 4 of relay E2, Central Office switch contact 4,
which, it will be noted, corresponds to E digit 3, and
arm 1, contact 5 of relay L35 operated and the winding
of relay RS to battery to operate relay RS which locks
to H3 break contact of the reader. The operation of
relay RS closes ground from contact 8 of relay SKP re-
leased, contact & of relay RS, through contact 3 of re-
lay L5 and the winding of relay CL3 io battery to op-
erate relay CL35 and operates the Step magnet of the
reader. Relay CL3 through its contact 2 lacks from
ground on contact iY of relay ST3 operated, through
contact 3 of relay TIE released and through centacts of
relays CL6 to CL8 released. Relay CL5 in turn unlocks
relay CL4. Relay CL5 operated also closes ground from
contact 18 of relay MON operated through arm 3 and,
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for the cendition assumed, contact 4 of Central Office
switch, contact 4 of relay CLS5 operated and the winding
of relay ECQ to battery to operate relay EC8® which
locks to its operating path around contact 4 of relay CLS5,
The operation of relay OC8 or ECO depends on the po-
sition of the Central Office switch setting. Relay L5 re-
leases' when the reading relays release.

Line 6.—Operation is the same as line 6 of leading
tape identity of detail tapes.

Line 7 ~—The seventh line of tape identity is 2897LD.
L is the last day tens in the E digit and D is the last day
units in the F digit. Relay L7 operates from ground
through the 289 check, contact 2 of relay D7 and con-
tact 3 of relay DO operated, contact 1 of relay CL6 op-
erated and the winding of relay L7 to battery and locks
to its operating path around contact 1 of relay CL6.
When processing on a flexible period basis, the operating
path of relay RS is from ground through contact 1 of
relay L7 operated, contact 18 of relay SA operated, con-
tacts of two E digit reading relays operated, such as con-
tact 2 of relay E1 and contact 4 of relay E2, contact 4
and ‘arm 1 of Last Day Tens switch, contact § of relay
L7 operated, arm 1 and say contact 3 of Last Day Units
switch, contacts of two F digit reading relays operated
such as contact 4 of relay F1 and contact 2 of relay F0
and the winding of relay RS to battery to operate relay
RS. - The operation of relay RS closes ground from con-
tact 9 of relay SKP released through contact 6 of relay
RS, contact 4 of relay L7 operated and the winding of
relay CL7 to battery to operate relay CL7. The opera-
tion of relay RS also operates the Step magnet of the
reader; Relay CL7 locks from ground through contact
11 of relay ST3 operated, contact 3 of relay TIE re-
leased, a contact of relay CL8 released and its contact 4
through its winding to battery and unlocks relay CL6.
When processing on a flexible period basis, the operation
of relay CL7 closes ground from contact 17 of relay
MON operated through arm 4 and, for the conditions
assumed, contact 4 of Last Day Tens switch, contact 1
of relay CL7 operated and the winding of relay EDT
to battery to operate relay EDT which locks to its op-
_erating path around contact 1 of relay CL7. Depend-
ing upon the position of switch Last Day Tens relay
EDT or ODT would have been operated. At the same
time ground is closed from contact 17 of relay MON
operated through arm 4 and an odd or even contact of
Last Day Units switch depending upon its setting, con-
tact 9 or 10 of relay CL7 operated and the winding either
of relay ODU or EDU to battery to operate eithet relay
QDU or EDU which locks to its operating path around
its respective contact on relay CL7. The operation of
relay ODT or EDT depends on the position of the Last
Day Tens switch setting. The operation of relay ODU
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or EDU depends on the position of the Last Day Units

switch setting. - Relay CL7 also closes ground from J1
late make contact of reader, through contact 8 of relay
SA operated, contact 6 of relay CL7 operated, contact 5
of relay CTI released, contact 1 of relay FTH released
and the winding of the ROT magnet of the TH selector
to energize the magnet. The TH selector steps one step
eaqh time the J1 late make contact closes and opens.
This continues until the TH selector position corresponds
to the setting of the First Thousand switch. At this time
ground is closed from contact 4 of relay SA operated,
contact 6 of relay L8 released, through say contact 10
and arm 2 of TH selector arc, arm 1 and contact 1i of
the First Thousand switch and contact 1 of relay HTH
released and the winding of relay FTH to battery to
operate relay FTH which by opening its contact 1 opens
the operating path of the ROT magnet and stops stepping
of the TH selector. When the TH selector stepped off-
normal ground from the cff-normal contact 2 of the se-
lector was closed through to operate relay MLK. Op-
eration of relay FTH also closes ground through its con-
tact 2 and the winding of relay CIT to battery to oper-

55

60

70

5

_ 52
ate relay CTI which locks through .its contact 4 to
ground on contact 7 of relay MLK operated.

Line 8—In the meantime the eighth line of tape iden-
tity, 2898-TH-0, is being read. TH is the tape thousand
number in the E digit and when processing on a flexible
period basis, 0 is in the F digit. Relay L8 operates from
ground through the 289 check through contact 2 of relay
D7 and contact 3 of relay D1 operated, contact 3 of re-
lay CL7 operated and the winding of relay L8 to bat-
tery and locks to its operating path around contact 3 of
relay CL7 coatact. Relay L8 will release and reop-
erate each cycle while the TH selector is stepping. When
processing on a flexible period basis, the operating path
of relay RS is from ground through contact 1 of relay
1.8 operated, through contact 11 of relay SA operated,
contacts of two E digit reading relays operated, such as-
contact 2 of relay E0 and contact 3 of relay E1, contact
2 and arm of the TH selector, contact 1 of relay CTI op-
erated, contact 5 of relay SSE, contact 5 of relay L3
operated and the winding of relay RS to battery to op-
erate relay RS. The operation of relay RS closes ground
from contact 9 of relay SKP released, contact & of relay
RS. operated and through contact 4 of relay L8 oper-
ated and the winding of relay CL8 to battery to operate
relay CL8 and operates the Step magnet of the reader.
Relay CL8 locks to ground on contact 11 of relay ST3
operated, through contact 3 of relay TIE released and
unlocks relay CL7. Relay 18 releases when the reading
relays release.

Line 9.—Operation is the same as line 9 of leading
tape identity of detail tapes.

Reading and checking trailing tepe identity of first
tape.—When the reader has stepped the tape by the last
call entry, the next line read is the first line of trailing
tape identity.

Line 1.~The first line of tape identity is 289117.
Operation is the same as Line 1 of trailing tape identity
of detail tapes except the operating path of relay RS is
from ground through the 289 check, contact 12 of relay
TIE released, contact 2 of relay L1 operated, contact 2
of relay EO0 and contact 3 of relay E1 operated, contact
2 and arm 1 of the Tape Type switch, contact 8 of relay
L1 operated, arm 2 and contact 2 of the Tape Type
switch, contact 4 of relay FO and contact 2 of relay F7
operated, contact 3 of relay L1 operated, contact 17 of
column 7, punch plug board connector, contact 15 of
column 7 and the winding of relay RS to battery.

- Line 2-line 6.—Operation is the same as line 2 to line
6 of leading tape identity of first message unit summary
tape. -

Line 7.—The seventh line of tape identity is 2897LD.
Relay L7 operates from ground through the 289 check,
contact 2 of relay D7 and contact 3 of relay DO op-
erated, contact 1 of relay CL6 operated and the winding
of relay L7 to battery and locks to its operating path
around contact 1 of relay CL6 contact. The operation
of relay RS is the same as described for line 7 under
Leading Tape Identity of First Tape, Message Unit Sum-
mary Tape. The operation of relay RS closes ground
from contact 9 of relay SKP released, contact 6 of relay
RS, contact 4 of relay L7 operated and the winding of
relay CL7 to battery to operate relay CL7 and operates
the Step magnet of the reader. Relay CL7 locks to
ground on contact 11 of relay ST3 operated, through
contact 3 of relay TIE released and relay CL8 released
and -unlocks relay CL6. Relay L7 releases when the
reading relays release.

Line 8.—The eighth line of tape identity is 2898-TH-0.
TH represents the tape thousand number in the E digit.
When processing on a flexible period basis, 0 is in the F
digit. Relay L8 -operates from ground through the 289
check, contact 2 of relay D7 and contact 3 of relay D1
operated, contact 3 of relay CL7 operated and through
the winding of relay CL7 to battery and locks to its
operating path around contact 3 of relay CL7. When
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processing on a flexible period basis, the operating path
of relay RS is from ground through contact 1 of relay
L& operated, through contact 11 of relay SA operated,
contacts of two E digit readiug relays operated, such as
contact 2 of relay EO and contact 3 of relay El, contact
2 and arm 1 of the TH sclector, contact 1 of relay CTI
operated, contact 3 of relay SSE released, contact 5 of
relay L§ operated and the winding of relay ES to battery
to operate relay RS. The operation of relay RS closes
ground from contact 9 of relay SKP released, through
contact 6 of relay RS, contact 4 of relay L8 operated
and the winding of relay CL8 to battery to operate relay
CL8 and operates the Step magnet of the reader. Relay
CL8 locks to ground on contact 11 of relay ST3 op-
erated, through contact 3 of relay TIE released and un-
locks relay CL7. Relay L8 releases when the reading
relays release.

Line 9.—Operation is the same as line 9 of leading tape
identity of detail tapes.

Reading and checking leading tape identity of interme-
diate tape—Line 1-line 6.—Qperation is the same as line
1 to line 6 of leading tape identity of first message unit
summary tape.

Line 7.—The seventh line of tape identity is 2897LD.
Relay L7 operates from ground through the 289 check,
contact 2 of relay D7 and contact 3 of relay D0 op-
erated, contact 1 of relay CL6 operated and the winding
of relay L7 to battery and locks to its operating path
around contact 1 of relay CL6. The operation of relay
RS is the same as above described. The operation of
relay RS closes ground from relay SKP released, relay
RS operated and through relay L7 operated to operate
relay CL7 and operates the Step magnet of the reader.
Relay CL7 locks from ground through contacts on relays
ST3 operated, TIE released and CL8 released and un-
locks relay CL6. Relay L7 releases when the reading
relays release.

Line 8—The eighth line of tape identity is 2898~TH-0.
Relay L8 operates from ground through the 289 check,
contact 2 of relay D7 and contact 3 of relay D1 operated,
contact 3 of relay CL7 operated and the winding of relay
L8 to battery and locks to its operating path around
contact 3 of relay CL7 contact. Ground is closed from
contact 7 of relay SA operated through contact 7 of relay
18 operated, contact 6 of relay SSE operated, contact
5 of relay LTH released and contact 2 of relay CTI
operated and the winding of relay HTH to battery to op-
erate relay HTH. The operation of relay HTH closes
ground from contact 1 of relay L8 operated, through
contact 11 of relay SA operated, contacts of two B digit
reading relays operated, such as contact 2 of relay E0
and contact 3 of relay El, contact 2 of relay HTH op-
erated, contact 1 and arm 2 of the TH selector, contact
6 of relay 1.8 operated, contact 3 of relay LTH released

and the winding of relay TMM to baitery to operate *

relay TMM which locks to relay CL7 operated. Relay
TMM at its coatact 3 opens a locking path of relay SSE
which, however, remains locked until late make contact
J2 of the reader opens. Relay TMM also closes ground
through its contact 2 to energize magnet ROT of se-
lector TH. Selector TH steps one position. When proc-
essing on a flexible period basis, the operating path of
relay RS is from ground lhrough contact 1 of relay L8
operated, contact 11 of relay SA operated, contacts of
two E digit reading relays operated, such as contact 2
of relay E& and ccntact 3 of relay El, contact 2 and
arm 1 of the TH selector, contact 1 of relay CTI op-
erated, contact 5 of relay L8 operated and the winding
of relay RS fo battery tc operate relay RS. The opera-
tion of relay RS closes ground from contact 9 of relay
SKP released, contact & of relay RS, contact 4 of relay
18§ operated and the winding of relay CLS$ to battery to
operate relay CL8 and operates the Step magnet of the
reader. Relay CL8 locks to ground through relays ST3
operated, TIE released and unlocks relay CL7. The re-
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lease of relay CL7 by opening its contact 8 unlocks relay
TMM which in turn by opening its contact 2 de-ener-
gizes magnet ROT of selector TH. Relay L8 releases
when the reading relays release.

Line 9 —Operation is the same as line 9 of leading tape
identity of the first message unit summary tape.

Reading and checking railing tape identity of inter-
mediate tape.—Line 1-line 9.—Operation is the same as
line 1 to line 9 of trailing tape identity of first message
unit summary tape.

Reading and checking leading tape identity of last
tape~—Line I-line7 —Operation is the same as line 1 to
line 7 of leading tape identity of first message unit sum-
mary tape.

Line 8—The eighth line of tape identity is 2898-TH-0.
Relay L8 operates from ground through the 289 check,
through contact 2 of relay D7 and contact 3 of relay D1
operated, contact 3 of relay CL7 operated and locks to
its operating path around contact 3 of relay CL7. Ground
is closed from contact 7 of relay SA operated, through
contact 7 of relay L8 operated, contact 6 of relay SSE
operated, contact 5 of relay LTH released, contact 2 of
relay CT1 operated and the winding of relay HTH to bat-
tery to operate relay HTH. The operation of relay HTH
closes ground from contact 1 of relay L8 cperated through
contact 11 of relay SA operated, contacts of two E digit
reading relays operated, such as contact 2 of relay E¢ and
contact 3 of relay El, contact 2 of relay HTH operated,
contact ¥ and arm 2 of the TH selector, contact 6 of
relay 18 operated, contact 3 of relay LTH released and
the winding of relay TMM to batiery to operate relay
TMM which locks to relay CL7 operated. Relay TMM
opens a locking path of relay SSE which, however, re-
mains locked until late make contact J2 of the reader
opens. Relay TMM also cleses ground to energize mag-
net ROT of selector TH and selector TH steps one posi-
tion. When selector TH has stepped to the next higher
position, which should correspond to the seiting of the
Last Thousand switch, ground is closed from contact 4
of relay SA operated, through contact 6 of relay L8 re-
leased, arm 2 and assume contact 2 of the TH selector,
contact 3 and arm 1 of the Last Thousand switch and
the winding of relay LTH to battery to operate relay LTH
which locks to contact 4 of relay MLK operated. The
operation of relay LTH by opening its contact 5 releases
relay HTH and closes ground through its contact 1 to light
the Last Section lamp. Relay L8 releases when the read-
ing relays release. When late make contact J2 of the
reader opens relay SSE releases. On the next cycle of
the reader relay L8 reoperates over the same path as
described above. When processing on a flexible period
basis, the operating path of relay RS is from ground
through contact ¥ of relay L3 operated, contact 11 of
relay SA operated, contacts of two B digit reading relays
operated, such as contact 2 of relay B and contact 3
of relay Ei, contact 2 and arm 1 of the TH selector, con-
tact 1 of relay CTI operated, contact 1 of relay 1.8 oper-
ated and the winding of relay RS to battery to operate
relay RS. The operation of relay RS closes ground from
contact & of relay SKP released through contact 6 of relay
RS, contact 4 of relay LS operated and the winding of
relay CL3 to battery to operate relay CL$ and operates
the Step magnet of the reader. Relay CL8 locks from
ground through contacts of relays ST3 operated and TIE
released and unlocks relay CL7. The release of relay
CL7 unlocks relay TMM which in turn de-energizes the
ROT Magnet of the TH selector. Relay L8 releases when
the reading relays release.

Line 9.—Operation is the same as line 9 of leading
tape identity of the first message unit summary tape.

Reading and checking trailing rape identity of the last
tape.—Line I-line 9.—Operation is the same as line 1 to
line 9 of trailing tape identity of first message unit sum-
mary tape.
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Reading and registering—Reading and registering
(general) —The manner in which the tape to card con-
verter reads the call entries as they are encountered on
the tape and stores the information contained therein in
the relays of the input register will now be described.
After the machine has been started and the reader con-
nector relays RCA and RCD, Fig. 6, have operated- the
reading relays, Figs. 16, 26 and 36, are connected per-
manently to the reader. These relays then merely give
an accurate representation of the holes that are punched
in the perforated tape by operating from the grounds that
are supplied by the reader pins to the reading relays. The
reading relays in turn pass the information as to what holes
were perforated in the tape through contacts of relays in
the steering circuit, Figs. 8-12, which guide the informa-
tion to the proper input register relays, Figs. 17-21, 27-31
and 37-41. The reading relays in passing the informa-
tion along are responsible for checking the validity of the
reading which is to say that one out of three of the
relays of the A digit group and two out of five of the relays
of each of the B, C, D, E and F digit groups must be
operated to afford a plausible pattern. The information
is registered as read so that it can be translated and so
that all lines of the entry will be ready at once to pass
along to the output registers from the input registers and
translators as soon as the circuit is in a condition to
transfer. Let us consider first a detailed tape or one
containing five-line call entries only.

Reading and registering first line of five line entry.—
Before any information can be stored in the input register
relays the machine must first have passed over the splice
pattern and leading end tape identity perforations as de-
scribed in the foregoing. After completing splice pattern
and input tape identity the machine normally will en-
counter a call section, that is a section in which informa-
tion pertaining to actual telephone calls is perforated.
The type of calls that it is expected will be recorded in
the tape determines the positions in which the set-up
switches on the switch panel are set manually by the at-
tendant. For a call in which five perforated lines of tape
are employed, relay DA will be operated indicating that
five-line calls are to be expected. Relay TIE will be
operated as described as soon as tape identity has been
completed. To get the steering circuit Figs. 8 to 12 in
condition to steer the information of the first call line
to Figs. 17, 27 and 37 it is necessary to operate relay
SR1. This relay operates as soon as the off-normal relays
have provided grounds to operate the down-check relay
NDC, Fig. 7, of the input register control circuit. The
ground for SR1 is supplied by reader contact K4 through
parallel back contact 3 of each of relays TP and TC,
make contact 4 of relay NDC, make contact 4 of relay
RLM and the winding of relay SR1 to battery operating
relay SR1. As soon as the first line of a call is en-
countered it will be steered to the input register for the
first line of the call, Figs. 17, 27 and 37. )

When the first good line of a call entry is received the
reading relays of the B-F digits pass their two-out-of-five
check along to the A digit reading relays. This two-out-
of-five check starts with the reader G1 contact through
the back contact 1 of relay RK or from the reader G2
contact through the make contact 4 of relay RK. The G1
or G2 ground is carried through make contact 9 of relay
ST3 then through make contact 8 of relay RCD to the
symmetric network on the contacts of the reading relays
for the B-F digits. This symmetric network begins with
contact 3 of relay B0 and ends with contacts 5 of relay
F7. If two relays and only two of the relays correspond-
ing to. each digit have been operated the path wil] be

closed and the ground will be extended to the A digit 7

reading relays in Fig. 17 where it will pass through con-
tact 3 of relay Ad released, contact 2 of relay A1 operated,
contact 3 of relay A2 released, and then through contact
1 of relay DA and contact 18 of relay TIE operated, as
previously explained. This checking ground then con-
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tinues through contact 3 of relay SKP released, contact 4
of relay SR1 operated and the winding of relay N1A to
battery operating relay NiA, Fig. 8. This relay is the
cut-in relay for line 1 which will connect the information
already waiting in the form of grounds on the reading
relay contacts, that is, on the contacts of the relays of
Figs. 16, 26 and 36 to operate the register relays of Figs.
17, 27 and 37 in the same combination as that of the
reading relays.

A special caseé which has not been mentioned is that
for observing tapes. These tapes are handled in the same
manner as are detail tapes but in one special class of
observing tapes the A digit will be a 3 rather than a 1.
In this case the checking path of the two-out-of-five check
from the relays corresponding to digits B-F is extended
through contact 3 of relay A9, contact 3 of relay Al and
contact 5 of relay A2 all operated and then through relay
coatact 1 of relay OBS, contact 1 of relay DA, contact
10 of relay TIE operated, contact 3 of relay SKP released,
contact 4 of relay SR1 operated and the winding of relay
N1A to battery to operate the connector relay N1A.

After the operation of relay N1A circuits are estab-
lished from ground on contacts of the operated reading
relays through the contacts of relay N1A and the windings
of individual corresponding relays in corresponding groups
of the input registers to battery, to operate such relays in
Figs. 17, 27 and 37. For instance, a circuit may be traced
from ground through contact 1 of relay B4, contact 5
of relay N1IA and the winding of relay 1B4 to battery.
In the case of reading relays A0, Al and A2, there are but
two corresponding register relays, 1A1, which is con-
trolled from ground through contact 2 of relay A0 re-
leased and contact 4 of relay Al operated through contact
2 of relay N1A and the winding of relay 1A1 to battery,
and relay 1A3, which is controlled from ground through
contact 2 of relay A9, contact 5 of relay Al, contact 6
of relay A3, all operated, contact of relay NIA and the
winding of relay 1A3 to battery. As soon as the first
line check relays have operated in the correct combina-
tion, another check chain is established from ground on
make contact 1 of relay LK, Fig. 7, through another
symmetric network on the contacts of relays correspond-
ing to the F-B digits of Figs. 37, 27 and 17. This two-out-
of-five check starts with contact 2 of relay 1F7 and ex-
tends through two make contacts and three break con-
tacts, in any combination, of the 1F—, 1E—, 1D-, 1C- and
1B- relays. The two-out-of-five up-check, as this circuit
is called, continues through contacts 2 of relay 1A1 op-
erated and 1A3 released and through the winding of the
input register line 1 up-check relay UC1 to battery to
operate relay UC1, This same up-check ground is ex-
tended through contact 3 of relay N1A and the winding
of relay RS1 to battery to operate relay RSL. Relay RS1
in operating removes one of the locking paths for relay
SR1 which path extended through a train of back contacts
4 on each of relays RS1, RS2, RS3, RS4, RSS5, contact
12 of relay LPG or contacts of the input register release
INP REG RLS key to a ground on contact 15 of relay
MON. This leaves relay SR1 locked operated through
contact 5 of relay RCD to reader make contact K9.
Relay RS1 also sends out a ground through its contact
2, contact T of relay RSF, winding of magnet STP and
contact I of relay MST to battery to step the reader to
the next line on the tape. Relay RS1 also closes its con-
tact 7 in preparing a path to operate relay SR2 when the
next reader break occurs. On the next reader break,
reader make contact H3, which was locking up SR1, opens
so that relay SR1 now releases and at the same time a
ground is passed along from reader break contact K4
through the parallel back contacts 3 of relays TP and TC
through make contact 7 on relay RS1 and the winding of
relay SR2 to battery to operate relay SR2. Relay SR2
steers the next line of the tape entry into second line input
register, Figs, 18, 28 and 38.
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Reading and registering 2nd-5th line of 5 line entry.—
When the next line of the tape has been read the same
checking ground as describe! for the first line of the
entry is passed through the recading reiays corresponding
to digits B-F to the A digit reading refays. This time,
however, the check path through the A digit is through
contact 3 of relay A opera contact 3 of relay Al and
coniact 4 of relay A2 released, through make contact
2 of relay SR2, which is now operated, and the winding
of relay N2A to battery to operate relay N2A. This is
the cut-in ielay of the second line of the input register
which steers the information which is perforated in the
second line of the tape, which has been recorded tempo-
rarily in the reading relays into the input register relays
corresponding to the second line. Again, the register
relays operate in accordance with the regisiration on the
reading relays and this time a check ground is started
from a make contact 3 of relay LK and passed through
the symmetric networks on the B-F relays to operate
relay UC2, the up-check relay for line 2. Again the up-
check ground is passed through contact 3 of the cut-in
relay N2A and the windiag of relay RS2 to operate relay
RS2. Relay RS2 in operating in the same manner as does
RS1, originates a ground which steps the reader, prepares
a path for the operation of the next SR— relay, opens one
of the locking lock paths for the presently operated SR~
relay and, in turn, as before for relay RS3, locks to a
break contact on the reader. When the reader make
contact opens it releases relay SR2 and the reader break
contact holds relay RS2 and operates relay SR2 through
make contact of 17 of relay DA. From here on exactly
the same procedure is followed for registering the in-
formation of the third, fourth, and fifth line of the five-
line entry. The make contact of relay DA appears only
in the cperate path of relay SR3. The steering circuit of
Fig. 10 advances one step each line until the fifth line of
the entry is read and registered.

Checking line following five-line entry—After a five-
line entry is read and registered, the circuit checks to be
sure that the next line after a five-line entry begins with
a2,orlora3inthe A digit. When relay R85 operated
as the previous RS- relays have operated it arranged
the circuit so that the reader could step to the next line.
However, this time there is no SR~- relay to steer to the
next register line. This time it is required only that the
relays corresponding to the A digit of the new line on the
tape be operated so as to indicate digit 1,2 or 2. Under
such condition, relay 6CK is operated. The operate path
is the same as that of fifth line up-check relay UCS, ex-
cept this up-check chain must now pass through relays of
the A digit reading relays, Fig. 17, in the proper com-
bination. A combination of relays A@, Al and A2 all
operated, or A® and AZX released with A2 operated, or A®
and A2 released with Al operated will all pass the up-
check ground from UC5 on to operate relay §CK.

Input register up-check signals—Relays UCY, UC2,
UCs3, UC4, UC5 and 6CK having been operated, two
paths through two sets of contacts of these six relays all op-
erated, provide two indications to be of use at a slightly
later time. One of these series chains indicates to the
transfer control circuit, Fig. 7, that it is satisfactory to
transfer information from the input registers to the out-
put registers when conditions elsewhere in the circuit are
satisfactory. The other series chain of contacts through
all except relay 6CK indicates to the IBM punch that it
is satisfactory to start another card cycle, by reclosing the
operate path to the punch start relay winding. These op-
erations will be described hereinafter.

Registering two-line summary eniries—The registra-
tion of a two-line summary entry is very similar to and
somewhat simpler than the registration of a five-line entry
from a detail tape. In this case relay SA is operated as
a result of the setting of the set-up switches instead of
relay DA, both in Fig. 47. Under this condition the first
call entry in the tape must have a 2 in the A digit of the
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first line and a 0 in the B digit, the latter corresponding to
the operation of relays B7 and B4. When the first line
of a call is read the check chain through the B-F digits
of the reading relays is passed through the A digit read-
ing relays of Fig. 16 through contact 3 of ralay AD re-
leased, contact 2 of relay Al released and contact 2 of
relay A2 operated and then back to the relays correspond-
ing to the B digit. The up-check ground is passed through
contact 2 of relay B7 and contact 2 of relay B4 both op-
erated, contact 12 of relay SA operated, contact 10 of
relay TIE operated, contact 3 of relay SKP released, con-
tact 4 of relay SRI operated and the winding of relay
N1A to operate relay N1A. Relay SR1 was operated in
this case the same as it was for a five-line entry and the
information is registered in Figs. 17, 27 and 37, the same
as it was for a five-line entry. The up-check ground
irom contact 1 of relay LX extends through the relays for
the F to B digits of the first line register but this time is
then carried from break contact 2 of relay B¢ through
make contact 16 of relay SA operated, since there is no
registration in the A digit register relays 1Al and 1A3
at the left in Fig. 17 as neither can be operated when re-
lay A2 only, Fig. 16, is operated. This ground is then
carried through contact 3 of relay NiA and the winding
of relay RSL to battery to operate relay RS1 as in the
case of a five-line entry. The RS1 relay directs the reader
to step to the second line of the entry which is registered
again exactly the same as it was registered in a five-line
entry. Since relay DA is not operated on a summary tape
relay SR3 is not operated and the remaining registers 3 to
5 are not used for summary tapes. Now that registration
of this two-line entry is complete it is necessary to give a
signal to the circuit similar to the up-check signal for the
five-line entry. This time since registers of lines 1 and 2
only are operated a ground originating on make con-
tact 1 of relay UC1 is carried through make contact 1
of relay UC2 and then through contact of the summary
indicating relay SA, directly to the transfer control por-
tion of Fig. 7 which will eventually operate the conuector
relays to transfer the information from the input registers
to the output registers. This will be described in the sec-
tion under Transfer Control. Another up-check chain
which directs the IBM punch to remain with its clutch
magnet operated ‘also passes through relays UC1, UC2
and SA, which will be described hereinafter.

Register release and down-check.—In the case of bath
the two-line entry and the five-line entry, after the in-
formation has been used that is stored in the input regis-
ters, by transferring to the output registers, a signal is
received as described under the heading Transfer Control
to release all of the input registers. When relays TC
and TP both operate, by opening their contacts, they re-
move ground supplied from relay MON, contact 15 to
the winding of relay LK, provided there is an up-check
in the output registers. Any relay which was operated
in the input register was locked through resistors 171, 172,
271, 272, 371 or 372 to contact 2 of relay LK. The re-
lease of relay LK removes locking ground from all the
input registers. The removal of the locking ground
allows any relays that may have been operated in the in-
put registers to release. The input register down-check
relay is relay NDC, Fig. 7. Its operate path originates
with make contact 9 on relay MON and goes through a
series chain of break contacts on each relay correspond-
ing to each of the digits of all five lines, including relays
1A1 and 1A3. When relay NDC has operated it indi-
cates that all relays in the input register have released.
This prepares a path for the operation of relay SR1 again.
This relay operates as soon as either relay TP or relay
TC has released and the reader break contact K4 closes.
With relay SR! operated -the steering chain is again
ready to place a line of an entry in the input register
Figs. 17, 27 and 37 provided that the A digit has a
for detail tapes or a 2 in the A digit and a 0 in the B
digit for summary tapes.
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‘Input to output register transfer—~First call cycle and
1 card call—1t is the function of the transfer control
portion of Fig. 7 to transfer information from the input
registers to the output registers and to do it only when
the input registers are properly filled and the output regis-
ters are in a receiving condition ~Another function of
this portion of the Fig. 7 control circuit is to check that
the lock of the output register has succeeded in holding
the output registers operated. It does this by releasing
the connectors between the input registers and the output
registers and waiting a certain specified time before allow-
ing the information in the input registers to be released.
Let us consider first the first good call on the tape and
let us assume that that call requires only one card to
be made. )

As soon as the off-normal relay MON has operated the
down-check relay NDC will operate in the input register
control circuit, Fig. 7. The circuit may be traced from
ground through contact 9 of relay MON, Fig. 5, through
a chain which extends through a break contact on each
of the input register relays for each of the digits for
each of the five lines of the register. This starts at con-
tact 1 of relay 5F7, Fig. 41, passes through break con-
tacts of each of the other SF relays, then through break
contacts of the 5E~, SD—, 5C—, and 5B- relays of line 5
before entering the line 4 register relays at break contact
1 of relay 4F7, Fig. 40. It passes through break con-
tacts of each of the relays of the line 4, line 3, line 2,
and line 1 and finally through contacts 4 of relay 1A1
and 1A3, Fig. 17 and the winding of the input register
down-check relay NDC to battery, operating the relay.
The continuity of this path indicates that all relays of
the input register are released. Output register down-
check relay, RDC, Fig. 24, will operate in the output
register control circuit. This circuit may be traced from
ground on contact 14 of relay MON into the Calling
Office A Digit output register on lead DC1, Fig. 72 and
Fig. K. It extends through a chain of break contacts on
relays @ to 9 in the register and out of the register on
down-check lead DC. It continues through each one
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of the other 29 output registers in Figs. 72, 71, 70, 69, .

68, 67, 66, 65, 64 and 63, entering each on the DC1 lead,
extending' through a break contact of each relay of the
register and emerging on the DC lead. It continues into
Fig. 62 passing through contacts 4 of each of relays 3DN
and NMU, then into Fig. 81 and through a pair of left-
hand or break contacts and armature of check punch
relay CP21, through corresponding contacts of each of
check punch relays CP1 to CP33 and CP40 and through
the winding of output register down-check relay RDC
to battery operating the relay. The continuity of this
circuit indicates that all output registers and all check
punch relays as well as relays 3DN and NMU, which
latter will be described hereinafter, are released and that
the output registers are in proper condition to be filled.
This tends to lessen false registration. Also relay LK
in the input register control circuit, Fig. 7, will operate
from ground on contact 2 of off-normal relay MON
- through the contact on the input register release INP
REG RLS key and back contact 12 of relay LPG in
parallel in series with parallel contacts 1 on relays TC
and TP and through the winding of relay LK to battery.
Relay 1T operates as a result of the operation of relay
NDC over a path from ground on contact 3 of relay
NDC and through the winding of relay 1T to battery
and it locks through break contact 4 on relay RUC,
Fig. 24 to ground on contact 12 of relay MON. Relay
1T is a check relay that will release after information
has beea successfully transferred once from the input
registers to the output registers. Relay 1T cannot be
reoperated until the input registers have been checked
down, that is, checked in their released positions to
insure that all are released. There is, however, one
special case which will be mentioned later. Also oper-
ated at the same time as relay 1T is relay 1TH from
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ground through contact 2 of relay NDC, but in the case
of the first card cycle this relay plays no part in the
transfer function and will release as soon as the down-
check condition in the input registers is no longer in
effect. At the start of processing a tape, the transfer
control circuit must wait until the machine has read over
splice paitern and tape identity and until the input regis-
ters have been filled in accordance with the section on
reading and registering. When the input registers have
been filled the five up-check relays UC1-§ all operate
as previously described. For detail type tape operation,
presently being considered, as soon as the fifth line of
information has been registered, the relays correspond-
ing to the B digit in the class translator, Fig. 51, to be
described hereinafter, supplies ground to operate relay
ICD, Fig. 46. On message unit detail, toll and summary
tapes, relay 1CD is permanently operated from ground
through resistor 252 or 2521 and contact 1 of relay MUD
or TOL, all in Fig. 25, or through resistor 471 and con-
tact 23 of relay SA in Fig. 47, respectively. Relay TP
now operates from ground through make contact 7 of
relay RDC and make contact 2 of relay 1CD. On the
next reader make cycle relay 6CK operates and closes
the last contact in the operate path of the connector
operate relay CRA. This is the up-check signal men-
tioned in the paragraphs on reading and registering. The
operate path of relay CRA is as follows. Ground is
passed through make contacts 1 on relay UC1, 1 on relay
UC2Z, 3 on relay DA, 1 on relay UC3, 1 on relay UC4,
i on relay UCS, & on relay 6CK, break contact 11 on
relay LPG, make contact 1 on relay 1T, contact § on
relay 2CD, released, contact Z on relay 1CD operated,
contact 7 on relay TP and contact 3 on relay RDC both
operated and the winding of relay CRA to battery oper-
ating relay CRA. Relay CRA locks to ground on make
contact 12 of relay MON through break contact 4 of
relay RUC in series with parallel break contacts 2 on
relay LPG and 1 on output register release key OUT
REG RLS. The output register connector relays, Figs.
52 to 62, operate in a combination for the particular
call involved through make contacts on relay CRA., With
the output register connector relays operated the output
register relays operate in accordance with the transla-
tions on the various translator circuits and the relays that
are operated in the input register circuit. As soon as
output register relays begin to operate relay RDC releases
and after all of the output register relays have been
operated in the correct combinations, output register
up-check relay RUC operates in a manner to be made
clear hereinafter. The operation of relay RUC by opening
its contact 4 simulianeously releases relays CRA and 1T.
The release of relay 1T insures that relay CRA cannot
operate again until the input registers have entirely
released.” Relay CRA released, by closing its contact 4,
prepares a path for the operation of relay TA as soon
as the reader comes to a make cycle, When the reader
comes to a make cycle relay TA operates from ground
on make contact X1 of the reader through contact 1 of
relay RUC operated, contact 4 of relay CRA released,
contact 6 of relay TP operated and the winding of relay
TA to baitery. Relay TA operated locks to ground on
make contact 5 of relay TP. This is the beginning of
a timing function to insure that the output registers re-
main operated and that their up-check path remains
closed. The next reader break cycle operates relay TB
from ground through reader break contact K3 through
make contact 2 of relay TA and the winding of relay TB
to battery and this relay also locks to contact 4 of relay
TP operated. The following reader make cycle operates
relay TC from ground through reader make contact K2
make contaci 2 on relay TB and the winding of relay TC
to battery. Relay TC also locks to contact 5 of relay
TP operated. Now that both relays TC and TP are oper-
ated relay LK releases removing locking grounds from
the input register relays. Should the output register up-
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check path have opened prematurely, relay RUC would
have released before the timing cycle was completed and
a ground would have been connected from contact 15 on
relay MON through the Input Reg. RLS key normal and
break contact 5 of relay RUC on the operate lead of
Telay LK. This would have retained the input register
locked so as to afford information to assist in operating
and maintenance.

Release of the input register relays puts them in a
condition ready for the next call cycle. During the next
refill of the input registers the output registers are being
held for the IBM punch to use during its normal punch
cycle.

Input register to output register transfer any except first
card cycle, one card call —¥hen the input register down-
check relay NDC operates, at the end of any normal
card cycle and release of the input registers, it closes
ground through its contact 3 to operate relay IT and
through its contact 2 to operate relay 1TH. Relay 1T
locks through resistor 781, break contact 4 on relay RUC
and contact 12 of relay MON to ground and to a make
contact 2 on relay ITH. Relay 1TH locks through resis-
tor 702, break contact 5 of relay RDC and contact 11
of relay MON to ground. Also when relay NDC oper-
ates, by opening its contact 3, it removes locking ground
from relay TP which releases at this time. Relay TP,
of course, releases the timer relays TA, TB and TC by
opening its contacts 4 and § but it also restores the oper-
ating ground for relays SR and LK by closing its con-
tacts 3 and I respectively. Relay LK reoperates imme-
diately but relay SR1 waits until the reader arrives at
a break contact. It then operates from the reader ground
contact K4 through the parallel break contacts 3 on relays
TP and TC, make contact 4 on relay NDC operated con-
tact 4 of relay RLM and the winding of relay SR1 to
battery. At this time the input registers are refilled with
information from the tape as described under reading
and register. During a normal card cycle while the input
registers are being refilled the output registers have been
held operated for the normal punch cycle which will not
finish until shorily after the input registers have been
refilled. As the input registers operate, relays UCI1-5
operate as heretofore described. Relay $CD may be
operated at this time after the fifth line of the input
register has operated and the class translator, Fig. 51,
has operated. However, relay 1CD may have been oper-
ated from the switch settings under control of relay TOL
or relay MUD operated in the tape index register, Fig. 25.
After the A digit of the next line following the five-line
entry has been checked, the input registers are ready and
waiting to transfer their information to the output regis-
ters. Shortly thereafter, the output registers will release
at the end of the punch cycle. When the output registers
have performed their function and are no longer required
by the IBM punch they release and, in turn, release relay
RUC. Relay RDC operates through a series chain of
break contacts in the outpui registers and the operation
of RDC by opening its contact § releases relay 1TH.
This leaves relay 1T locked only to break contact 4 on
relay RUC. The operation of relay RDC supplies ground
through its contacts 7 through make contact 2 on relay
1CD and the winding of relay TP to battery operating
relay TP, Relay CRA operates at this time from ground
on make contact 1 of relay UCI, contact 1 of relay UC2,
contact 3 of relay DC, contact 1 of relay UC3, contact 1
of relay UC4, contact 7 of relay UCS, contact 1 of relay
6CK all operated, contact 11 of relay LPG released, con-
tact 1 of relay 1T operated, contact 5§ of relay 2CD
released, contact 1 of relay 1CD operated, contact 7 of
relay TP operated, contact 3 of relay RDC operated and
the winding of relay CRA to battery. Relay CRA locks
to break contact 4 of relay RUC. As mentioned under
reading and registering the operate path of relay CRA
for a summary tape from the summarizer does not go
through contacts of all of the up-check relays but instead
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goes through contact 1 of relay UC1, contact 1 of relay
UC2, contact 13 of relay SA operated, contact 11 of
relay LPG released, contact ¥ of relay 1T operated, con-
tact 1 of relay ICD operated, centact 5 of relay 2CD
released, contact 7 of relay TP operated, contact 3 of
relay RDC operated, and the winding of rslay CRA to
battery.

In this operate path break contact 11 of relay LPG
opens in case of an alarm thus preventing the transfer
of any information from the input registers to the output
registers. In case trouble has cccurred during an at-
tempted transfer of information from the input registers
to the output registers, relay 1T will have released if the
output register relay RUC has ever operated. This means
that it would be impossible to transfer the information
from the input registers to the output registers after the
trouble has been cleared. In fact the start circuit is
arranged so that the machine cannot start unless both
input and output registers are released.

Getting back to normal operation, after relay CRA has
operated, the output register connector rclays in Figs. 52
to 62 operate in combination as determined by the type
of call being processed and subsequently the output regis-
ter relays operate. The operation of the connector relays
will be described in detail hereinafter. The output regis-
ter relays operate from ground on the contacts of the
input registers or translators through the contacts of the
connector relays and the windings of the relays in the
output registers to battery. After the output register
relays operate relay RDC releases and RUC operates.
This -is the case because when any output register relay
is operated the down-check path is open releasing relay
RDC. If the output relays are operated in a proper pat-
tern the up-check relay RUC operates. Relays CRA and
1T release when relay RUC operates as the locking path
for each extends through contact 4 of relay RUC. Relay
CRA releases the output register connectors and the
release of relay 1T makes it impossible to transfer infor-
mation from the input registers to the ocutput registers
again until the input registers have completely released.
On the next reader make cycle after relay CRA has
released, relay TA operates through contact 4 of relay
CRA and starts the timing cycle as previously described.
Relay TB operates through contact 2 of relay TA oper-
ated, and reader contact X3 con the next reader break
and relay TC operates through contact 2 of relay TB
operated, and reader contact X2 on the next reader make
cycle. Relays TA, TB, TC all lock to relay TP operated,
relays TA and TC to its contact 5 and relay TB to its
contact 4. Relay TC operated by opening its contact 1
now releases relay LK provided the up-check in the out-
put registers keeps relay RUC operated. The release of

relay LK removes locking ground frem the input registers

and allows any relays that are operated therein to release.
The release of all input register relays reoperates the
input register down-check relay NDC and the circuit is
ready for another card cycle.

Input to output register transfer for any cycle with two
card call—For any call on which two punched cards
are required, the transfer control portion of the input
reegister control circuit, Fig. 7, functions very similarly
to the way it operates for a one card call. However, since
two cards are required from the same set of informaticn in
the input registers the transfer comtrel circuit functions
in a slightly different manner to care for the two cards.
When the information in the input registers is to be used
for a second time, the input ragisters are prevented from
releasing when the output registers have been filled for
the first card. When two cards are to be made from the
same information, relay 2CD is operated instead of relay
1CD. Relay 2CD is cperated always from the class trans-
lator Fig. 51 after the fifth line of information has been
registered. When relay 2CD is operated there is no
operate path for relay TP until the card count relays of
Fig. 46 have functioned and operated relay C. This is
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explained under the heading Card Count. Relay C in the
card count circuit operates after the second down-check in
the output registers following the operation of relay 2CD.
After the output registers have been released, reoperated,
and released a second time, relay TP operates from ground
‘through make contact 7 on relay RDC, contact 5 of relay
C and the winding of relay TP to battery. This starts
the timer which will release the input registers. This
means that the information has remained in the input
registers for two output card cycles.

One function of relay 1T, when a single card is to be
punched, is to prevent a reuse of input register informa-
tion due to a case of trouble.. When two cards are to be
punched from the same input register information, it is
necessary to- allow the input register information to be
transferred to the output registers a second time. This
is done by reoperating relay iT over a circuit from ground
on make contact 4 of relay 2CD through contact 2 of relay
B operated, contact 7 of relay C released and the winding
of relay IT to batiery. The operating sequence of these
relays in the operating path of relay 1T is described more
in detail under the heading Card Count but relay 1T is
reoperated almost immediately after it has released and
shortly after relay RUC has operated in the output regis-
ters. The operate path remains closed until shortly after
relay RUC has released to restablish the normal locking
path for relay IT. The release of relay 1T is the same
on the second card cycle as it is on a normal one card
cycle.

For the first card cycle, since relay TP is not operated,
the operate path for relay CRA is from a ground on
make contact 1 of relay UC1 through contact 1 of relay
UC2, contact 3 of relay DA, contacts 1 or relays UC3,
UC4, UC5 and 6CK all operated, contact 11 of relay
LPG released, contact 1 of relay 1T operated, contact
5 of relay 2CD operated, contact 1 of relay 1CD released,
contact 1 of relay B released, contact 1 of relay 2CD
operated, contact 3 of relay RDC operated and the wind-
ing of relay CRA to battery. On the second card cycle
since TP is operated, as it is.on any normal one card
cycle, the operate path of relay CRA passes through make
contact 7 of relay TP rather than through contact 1 of
relay B released, and contact 1 of relay 2CD operated.

Card count.—OQnly one IBM card is made for most calls
that appear on tapes coming to the tape to card connector.
However, in two cases it is desirable to make two cards
for one call. The indication of the number of cards is
shown by which of the two relays, 1CD or 2CD is operated.
These two relays are shown in Fig. 46 and the detailed
operate path from them is explained under Class Trans-
lator.

Message unit detail, toll and observing tapes from the
compiuter and summary tapes from the summarizer con-
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tain entries on ‘which one card only is made. For three _

of these tapes the 1CD relay is operated at the beginning
of the tape and remains operated throughout the running
of the tape.

New detailed tapes from the assembler computer may
contain entries requiring the punching of one card or the
punching of two cards. In case of this tape the determina-
tion as to whether to punch one or two cards is made after
the fifth line of a call has been read and registered in the
input registers. On these tapes the following conditions
operate relay 2CD, all others operate relay 1CD.

On new detail tapes from assembler computer:

1. Any message unit detail call that is charged and ob-
served.

2. Any toll call that is charged and observed.

The operation of the card count circuit for one card
calls has been covered under Input Register to Output
Register Transfer Control. A make contact of relay 1ICD
is in the operate path of relay TP, and a one and one
only check of relays 1CD and 2CD is in the operate path
of relay CRA.

For two card calls the relays A, B, C in Fig. 46 operate
as follows. Relay 2CD operates after the class translator

60

65

70

75

‘ 64

circuit relays are operated to indicate a 5 or a 6 as the
B digit of the fifth line shortly after the fifth line is regis-
tered and ‘the card count circuit as well as the transfer
control circuit waits until the output registers have released
indicating they are finished with the previous call. When
the output registers have released, the output register
down-check relay RDC operates, completing the operate
path for relay A in the card count circuit. Relay A
operates from ground through contact 4 of relay 2CD,
contact-3 of relay RDC, contact 3 of relay 2CD and the
winding of relay A to battery. Relay A locks to contact
4 of relay 2CD operated. Relay RDC operated also com-
pletes the operate path for the connector operate relay
CRA. Since relay TP could not operate on this current
cycle, it is necessary to provide a bypass-around make
contact 7 of relay TP which is in the operate path of relay
CRA. This by-pass circuit is through contact 1 of relay
B released and contact 1 of relay 2CD operated. When
the transfer control circuit has functioned and the out-
put registers are again full, the output register up-check
relay RUC operates and completes the operate path for
relay B which extends from ground on contact 2 of
relay CD2 through contact 2 of relay RUC, contact 1
of relay A and the winding of relay B to battery. Relay
B also locks to ground on contact 2 of relay 2CD operated.
When relay B- operates, relay C has not operated, so
the operate circuit for relay 1T is closed. This permits
the ouput registers to be filled a second time without re-
quiring the release of the input registers. At the end of
the first card cycle the output registers release and again
operate relay RDC which completes the path to operate
relay C. The path may be traced from ground through
contact 4 of relay 2DC, contact 2 of relay RDC, contact
4. .of relay B and the winding of relay C to battery.
Relay C also locks to contact 4 of relay 2CD. Relays
RDC and C operate relay TP from ground on confact
7 of relay RDC through contact 5 of relay C and the
winding of relay TP to battery. Relay TP operated
completes the operate path for relay CRA in this case
since the by-pass circuit through relays B released and
2CD operated is now opened by the operation of relay
B. From this point the transfer control circuit operates
the same as described for a one card call under input
register to output register transfer.” When the input reg-
isters release the translator, Fig. 51, relay 2CD is re-
leased which unlocks relays A, B, and C restoring the card
count circuit, Fig. 46, to normal.

Translators—Tape index and entry type registers~—The
tape index register is a storage circuit by means of which
the. tape-to-card converter can recognize the type of tape
being run. Tape index register relays receive operate
ground through the tape type switch set up prior to the run-
ning of the tape. One of the set-up check relays OTT and
ETT, Fig. 34, is operated as described in the section on
checking tape identity to provide operate ground through
its respective contact 3, arm 3 and some particular con-
tact of the Tape Type switch, Fig. 32, and through the
winding of a particular primary tape index register relay,
Fig. 25, to battery to operate ‘the relay as shown in the
following table:

Tape Switch | Primary Tape
Tape T'ype Arm 3 Con- { Index Register
tact Setting {Relay Operated
Fig, 32
BUMMALY « o et 2 SA
Toll . 3 TOL
Message Unit Detail. .. ... . . 4 MUD
Observing.__._. 5 0OBS
New Detail . 6 ND
The summary tape is the output of the AMA sum-
marizer. Toll, message unit detail and observing tapes

are -the output of the AMA computer. Tapes referred
to-as new detail are the output of the assembler computer.
Secondary tape index register relay DA is operated for
all detail type tapes, receiving operate ground from con-
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tact 6 of each of relays TOL, MUD, OBS and contact 3
of relay ND.

The proper tape index register relays are operated
throughout the running of a given tape. A locking ground
is provided for whichever primary tape index register relay
is operated through contact 16 of relay RUC operated.
If during call processing the Fape Type switch should be
moved, locking ground supplied through contact 17 of
relay MON and arm 4 of the Tape Type switch would be
disconnected and relay OTT or ETT would release and
remove operate ground, supplied through the respective
contact 3 of the relay and arm 3 of the Tape Type switch,
from the winding of the particular tape index register relay
which is operated. The locking path would hold the
particalar primary relay operated until contact 18 of
relay RUC releassd at the completion of the call in the
process of being punched.

The tape index register relays perform several functions
as follows:

1. They provide connector contacts between output reg-
isters and various translators.

2. They provide class and card count signals for those
tapes with which the class translator does nct function.

3. They rearrange control leads for input registers, out-
put regisier lamp connectors, skip splice control, tape sec-
tion register, and tape identity reading progress.

4. They provide operate ground for several output reg-
ister commectors.

Hach of the functions listed above is described in de-
tail in sections pertaining to the varicus circuits.

The entry type regisier comprising relays 1A1 and 1A3,
Fig. 17, is an input register which follows the A digit read-
ing relays for the first line of a detail call entry. It is
included in the up-check and down-check chains of input
registers. Entry type register relay contacts 2id in the de-
termination of AMA class discussed hereinafter.

The class translator—The class translator, in conjusnc-
tion with the tape index register, uses information derived
from the AMA tape to form a distinguishing number for
cach type of detail call, called AMA ciass. In additios,
these circuits provide a signal to indicate to the cutput
the number of cards to be punched for a particular call.
The class wanslator and the tape index register zlso in-
dicate for each detail call whether it is “charge” or “no
charge.”

'The manner in which class, card count, and charge out-
put signals are determined varies with the type of detail
tape being run. The types of tape which may be handled
and the method of determining these items is deseribed
below. First, however, class number assignments for the
various types of detail calls are presented in the following
table. This table applics to detail calls for all types of
detail iapes.

AMA Class No. Type of Detail Call

Toll.

Observing Answered,
Obscrving Not Answered.
Observing Cencel Charge.
Message Unit Detail.

tapes from the AMMA computer contain calls, all
o are classified as Toll. - Consequently, ground is
supplied over two paths from contacts 2 and 3 of relay
TOL through contacts 8 and 3, respectively, of relay C,
normal, in the card count circuit, contacts 41 and 40, re-
spectively, of the oufput register connector relay DCD
operated ard the windings of relays 4 and 7 to battery
to operate relays 4 and 7 in the AMA output Class register,
Tigs. 63 and D, indicating a class 8. The class is deter-
mined by a path through the operated contacts of relays
4 and 7. This will be described hereinafter. This opera-
tion is repeated for every call, In addition relay TOL
supplies ground through its coniact 3, contact 15 of relay
DCD and the winding of relay 11X, Figs. 63 and A, to
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battery to operate relay 11X, in the Overpunch output
register, onee per call, to indicate “Charge.” Relay TOL
also establishes a circuit from ground through resistor
251 and contact 1 of relay TOL through the winding of
relay 1CD o baitery to operate relay 1CD directly, indi-
ing that one card is to |

cail punched for each call.
In a similar fashion message unit detail tapes from
the Aly UL to ground lzads for

e

AMA computer use re
all calls indicating class 4, “no charge” and one card.
Class 4 will be established by the operation of relays ¢
and 4 in the Class register, Figs. 65 and D. Relay 8 is
operated from ground through contact 2 of relay MUD,
contact 37 of relay DCD and the winding of relay 6
to battery. Relay 4 is operated from ground through
contact 3 of relay MUD, contact 3 of relay C, contact 48
of relay DCD and the winding of relay 4 in the Class
register. Relay 1CD is operated from ground through
resistor 252 through contact I of relay MUD and the
winding of relay 1CD to battery to producs the one card
condition. Ground through contact 5 of relay MUD,
contact 16 of relay DCD and the winding of relay 12Y
in the Overpunch register, Figs. 63 and A, operates relay
12Y to produce the “no charge” condition.

Observing tapes from the AMA computer contain
several types of calls each of which may be identified
by information in the individual call entry. This in-
formation is contained in the 1A and 5B digits and is
interpreted by several of the class translator relays
BOT-B6T, Fig. 51, which are operated from a decimal
translation of the 5B input register relays.

An cbserving answered call on an observing tape, for
example, is distinguished by a 1 in the 1A digit and a 0
in the 3B digit. When the input registers are operated
for such a call, relay BET will be operated from the
zero decimal Iead of the 5B input register reiays which
extends from ground through contact 7 of relay 387,
contact 6 of relay 5B4, contact 3 of relay OBS, which is
operated for observing tapes only, and the winding of
relay BOT to battery. Relay B8T will ground AMA
class lead & which extends from contact 1 of relay BET
through contact 37 of connector relay DCD, into the
Class register per Fig. D in Fig. 65, and through the wind-
ing of relay @ to battery. Relay BET will close o ground
from contact ¥ of entry type register relay 1A% to AMA
class lead ‘1 which extends through contact 2 of relay
BOT, contact 38 of connector relay DCD, when the con-
nector relay is operated into the same Class register and
through the winding of relay 1 to battery to operate relay
1 which establishes a circuit to form class 1. Relay
BOT will close ground through its contact 3 and the wind-
ing of relay 1CD to battery to operate the cne card relay,
ICD. A make ground on contact 5 of relay OBS, con-
tact 16 of relay DCD and the winding of relay 12Y in
the Overpunch register will operate relay 12Y for each
call on an observing tape when comnector relay DCD
operates thus indicating “no charge.”

An observing not answered call on an observing tape
is distinguished by 3 and 0 in the 1A and 5B digits re-
spectively. Relay 1A3 will connect ground through its
contact 1, contact 39 of relay DCD and the winding of
relay 2 in the Class register 10 operate 2 and relay BOT
will operate as described above and ground class lead 9,
so that the two operated relays cooperate o form class
2. Relay ICD will again be operated, as described,
by relay B&T.

An observing cancel charge call on an observing tape
is identified by 1 and 3 in the 1A and 5B digits respec-
tively. Relay B3T will ground class lead 1 through con-
tact 1 of relay B3T, contact 2 of relay ORS operated,
contact 38 of relay DCD and the winding of relay 1 in
the Class register. Relay B3T will connect ground
through its contact 2, contact 39 of relay DCD and the
winding of relay 2 in the Class register to operate relay
2. Relays 1 and 2 operated together in the Class register
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form AMA class 3. Relay B3T, by closing its contact
3, will also operate relay 1CD.

Detail tapes from the AMA assembler-computer, com-
monly referred to as new detail tapes, contain toll, mes-
sage unit detail and several varieties of observing calls,
each of which may be identified by a number in the
5B digit as described below.

Message unit detail calls on new detail tapes are
identified by 1 in the 5B digit. Relay BT will connect
ground through its contact 1, contact 37 of relay DCD
and the winding of relay @ in the Class register. Relay
BIT will connect ground also through its contact 3,
contact 3 of card count relay C normal, contact 46 of re-
Jay DCD and the winding of Class register relay 4 when
output register connector relay DCD operates. Relay
BT will also connect ground through its contact 4, con-
tact 16 of relay DCD and the winding of relay 12Y in
the Overpunch register to operate relay 12Y for “no
charge” when the connector relay DCD is operated and
in addition will connect ground through its contact 3
to operate the one card relay 1CD.
~ Toll calls on new detail tapes are marked with a 2
in the 3B digit. Relay B2T will be operated for these
calls from ground through make contact 9 of relay 5B2,
contact 6 of relay 5B7 normal make contact 7 of relay
5B9 and the winding of relay B2T to battery. Relay
B2T operated will connect ground through its contacts
i1 and 2, contacts 3 and 8 of relay C normal, contacts
40 and 41 of relay DCD and the windings of relays 4 and
7, respectively, to battery in the Class register, operating
relays 4 and 7, to form class 0, when the connector relay
DCD is operated. Relay B2T will also connect ground
through its contact 4, contact 15 of relay DCD and the
winding of relay 11X in the Overpunch register to operate
relay 311X for “charge.” Relay B2T will also connect
ground through its contact 3 and the winding of relay
1ICD to battery to operate relay 1CD directly.

Observing not-charged calls on new detail tapes may
be recognized by a 3 in the 5B digit. Relay B3T will be
operated for these calls from ground through contact 9
of relay 5B2 operated, contact 7 of relay 5B1 operated,
and the winding of relay B3T to battery and will ground
class lead @ through relay ND which is operated for new
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detail tapes only. The circuit may be traced from ground -

through contact 4 of relay B3T operated, contact 1 of
relay ND operated, contact 37 of relay DCD operated
and the winding of relay § in the Class register. Relay
B3T will also ground class lead 2 directly to form AMA
class 2 when the connector operates. The circuit ex-
tends from ground through contact 2 of relay -B3T oper-
ated, contact 39 of relay DCD operated and the wind-
ing of relay 2 in the Class register. Relay B3T also
operates relay 12Y from ground on-its contact 5, con-
tact 16 of relay DCD and the winding of relay 12Y in
the Overpunch register.

Relay B2T also closes ground through its contact 3 and
the winding of relay 1CD to battery to operate relay 1CD.
~ .Cbserving message unit charge calls on new detail
tapes are identified by 4 in the 5B digit. Relay B4T
will operate for such a call. The circuit extends from
ground through contact 9 of relay 5B4, contact 6 of relay
588, both operated and the winding of relay B4T to
battery. Relay B4T operated grounds class-leads ¢ and 1
to form class 1 when the connecting relay DSD is oper-
ated.  ‘The circuiis may be traced from ground through
contacts 1 and 2 of relay B4T, contacts 37 and 38 of relay
DCD and the windings of relays ¢ and 1, respectively,
in the Class register. - Relay B4T will also operate relay
12Y from ground through its contact 4 and contact 16
of relay DCD.  Relay B4T will connect ground also
through its contact 3 and the winding of relay iCD to
operate relay 1CD.

_Observing message unit détail charge calls on new de-
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tail tapes are marked with a 5 in the 5B digit. Relay 5BT -

-~ will be operated for such calls over a circuit from ground
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through contact 8 of relay 5B4, contact 8 of relay 581,
both operated, and the winding of relay 5BT to battery.
Relay 5BT operated will operate class relay & directly
and class relay 4 through card count relay C normal to
form AMA class 4 when the output register connector
relay DCD is operated. The circuit for relay 9 may be
traced from ground through contact 1 of relay 5BT, con-
tact 37 of relay DCD and the winding of relay £ in the
Class register. The circuit for relay 4 extends from
ground through contact 2 of relay 3BT, contact 3 of relay
C, contact 49 of relay DCD and the winding of relay 4
in the Class register. Relay 5BT will connect ground
through its contact 4, contact 16 of relay DCD and the
winding of relay 12Y to battery to operate relay 12Y for
“no change.” Relay 5BT will also operate the two—card
relay 2CD from ground through contact 4 of relay B5T
and the winding of relay 2CD. When one card has been
satisfactorily punched for a call of this type, relay C in
the card count circuit will be cperated as described here-
inbefore under the heading Input to Output Register
Transfer. Relay C by opening its coantact 3 will open
class lead 4 to the connector and by closing its contact 2
will connect ground to class lead 1 to form AMA class 1
when connector relay DCD is again operated, preparatory
to the punching of the second card for the call. In review
then, card number 1 is class 4, “no charge” and is for
the message unit detail stream of cards, while card num-
ber 2 is class 1, “no charge” and resembles any other ob-
serving charged card.

Observing toll charged calls on new detail tapes are
marked with a 6 in the 5B digit. Relay BST will be op-
erated for such a call from ground through contact 7 of
relay 5B4, contact 7 of relay 5B2 and the winding of
relay B6T to battery and will operate the two-card relay
2CD from ground through contact 4 of relay B6T and
the winding of relay 2CD. Operated relay B6T will also
connect ground through its contacts 2 and 3, make con-
tacts 3 and 8 of relay C, contacts 49 and 41 of relay BCD
operated and the windings of relays 4 and 7 in the Class
register, respectively, to battery to operate relays 4 and 7
to.form AMA class 0 for the first card. Relay BT wiil
also connect ground through its contact %, contact 4 of
relay C normal, contact 15 of relay DCD and the winding
of relay 11X to battery to operate relay 11X to indicate
“charge” on the first card. When relay C operates leads
to relays 4 and 7 in the Class register will be cpened and
leads to relays @ and 1 will be grounded at contacts 1
and 2 of relay C in their place to form class 1 for the sec-
ond card. At the same time relay C when cperated will
transfer the ground, which extends from contact 2 cf relay
B6T, from its break contact 4 to its make contact 4 to op-
erate relay 32Y instead of relay 11X to indicate “no
charge” on the second card. Card Mo. 1 then will be
class 0, “charge” for the toll card stream and card Ne. 2
wiil be class 1, “no charge” for the observing card stream.

AMA call entry identification and cutput class for all

types of detail calls- which may be encountered and
handled by the tape to card converter are described above
in detail. - This information is repeated below in tabular
form to provide a convenient reference.
" In the column on the right headed SEF are tens and
units of message units as. found in the entry, XX indicat-
ing any number, 00 indicating none and that message units
are not to be punched on the card. This is described in
detail hereinafter under blanking. Where two lines are
used for one call they indicate that either of two conditions
can exist for a given call or that both exist in the case of
two card calls,

Further, some of the information, such as that in col-
umns headed 1A and 5B for toll tape calls, is inserted
to give a complete picture but is not necessarily used
to control the circuit action.
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One Two
Card Cards No
Tape Call Digit | Digit | AMA | Relay Relay |Charge|Charge| Card | 5EF
1A 5B Class 1CD 20D X Y No.
Oper- Oper-
ated ated
Toll.__.t Toll..._________.__ 1 0
MUD.{ MUD_____..._____. 1 4
0BS..{ Obs.ans_______[{ v H
OBS.__{ Obs, Not Ans_.___ 3 2
OBS._.| Cancel Chg._____.} 1 g
ND_._{ Toll__.___...___._. 1 0
ND .| MUD__.____._.____ 1 4
ND___.{ Obs. MU Chg___. 1 1
ND...| Obs. MUD Chg {  * h
ND..__| ‘Obs. Tolt Chg__,_{ _____ v 9
ND__..| Obs. Not Chg____. 1 3 2

Start time transtator—Each call entry of detail, mes-
sage unit detail, toll and observing type tapes contains
the day, hour and minute of the answer time of the call.
This time information is recorded on the tape in the 5
digits, B to F, of the second line. The units digit of the
minute appears in the F digit. The units digit of the hour
appears in the E digit. The units digit of the day appears
in the D digit. The tens digit of the hour is indicated by
the C digit. The tens digit of the day is indicated by
the B digif. The tens digit of the minute is indicated by
the B and C digits, The use of the B and C digits to
indicate the tens digit of the day, hour and minute is a
follows: )

8, 4, 5 or 9 in the B digit indicates 0 day tens

1 or 6 in the B digit indicates 1 day tens

2 or 7 in the B digit indicates 2 day tens

3 or 8 in the B digit indicates 3 day tens

0, 3 or 6 in the C digit indicates 0 hour tens

1, 4 or 7 in the C digit indicates 1 hour tens

2, 5 or 8 in the C digit indicates 2 hour tens

0, 1 or 2 in the C digit indicates 0 or 3 minutes tens

2, 4 or 5 in the C digit indicates 1 or 4 minutes tens

6, 7 or 8 in the C digit indicates 2 or 5 minutes tens

5,1,2,30r41in B digit indicates low, that is, 1 or 2
minutes tens

5,6,7,80r9in
5 minutes tens

tha
i

the B digit indicates high, that is, 3, 4 or

This translation is necessary to obtain the six digits
of time from the five digits, B to F, of the tape. As an
example, the seventeenth minute of the twenty-second
hour of the fourteenth day would appear cn the second
line of the call entry as follows:

015427
7 in the F digit indicates 7 minutes units
2 in the E digit indicates 2 hour units
4 in the D digit indicates 4 day units
5 in the C digit indicates 2 hour tens
1 in the B digit indicates 1 day tens
5 in the C digit and
1 in the B digit indicates 1 minute tens

When two of the five 288, 2B1, 2B2, 2B4 and 287
input register relays operated, Fig. 18, two grounds are
closed from contacts on the two operated relays through
individual contacts on relay DA operated Fig. 47, to oper-
ate two of the five T TB3, TB2, TB4 and TR7 re-
lays, Fig. 48.
2CH. 201, ¢ and 2C7 inpnt register relays oper-
ate, Fig. 28, two grounds are closed through individual
contacts on relay DA operated to operate two of five
TCS, TCL, TC2, TC4 and TCT relays, Fig. 48.

The selective operation of two of the five TBS, TB1,
TB2, TB4 and TBY relays closes a ground to a selected
one of four leads to indicate the day tens. When relay
DCA, Fig. 58, operates these leads are connected through
individual contacts thereon and the selected grounded
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In a like manner when two of the five

e )
, 2

AL

[ 20)
Tt

30

35

40

50

60

75

lead operates one corresponding relay in the Answer
Day Tens register, Figs. 70 and Fig. J. :

‘The operation of two of the five TC8, TCL, TC2, TCH
and TC7 relays closes a ground to one of three leads to
indicate the hour tens. When relay DCA operates these
leads are connected through individual contacts on relay
DCA and the selecied grounded lead operates one corre-
sponding relay in the Answer Hour Tens register, Figs.
70 and Fig. H.

The operation of two of the five TCS, TC1, TC2,
TC4 and TCT relays alss closes ground from two of
five 2B8, 2B1, 2B2, 2B4 and 2B7 relays operated to one
of six leads to indicate the minute tens. When relay DCA
operates these leads are connected through to operate one
of the minute tens output register relays.

Tracing the circuits in detail, for the second line digits,
assumed in the foregoing, requiring translation, will dis-
close how the 5 in the C digit indicates 2 honrs tens, the
1 in the B digit indicates 1 day tens and the 3 in the C
digit and the 1 in the B digit cooperatively indicate 1
minute tens.

Digit 5 appearing in the second line digit position
effects the simultaneous operation of relays 2C1 and 2C4
in the input register. Relay 2Ci operated connects
ground through its contact 7, contact 39 of relay DA
and the winding of relay TC1 to battery operating relay
TCY in the translator, Fig. 48. Relay 2C4 cperated con-
nects ground through its contact 7, contact 37 of relay
DA and the winding of relay TC4 to battery, operating
relay TC4 in the translator. With relays TC! and TO4
operated, ground is counected through contact i& of
relay TCI, contact 30 of relay TC4, contact 7 of relay
DCA and the winding of relay 2 in the Answer Eour
Tens register, Figs. 70 and H, to establish a circuit cor-
responding to 2 answer hour tens.

Digit 1 appearing in the secord line B digit position
effects the simultancous operation of reiays 2BO and
2B1. The operation of relay 2B& connects ground
through its contact 9, contact 35 of relay DA and the
winding of relay TBE to baitery, operating relay T390
in the translator, Fig. 48. The operation of relay 2381
counecis ground through its contact 18, contact 34 of
relay DA and the winding of relay TBY to battery oper-
ating relay TB1. Ground is then connected through con-
tact § of relay TBS, contact § of relay TB1, contact 2 of
relay DCA and the winding of relav 1 in the Answer
Day Tens register, Figs. 70 and J, to indicatz 1 day tens.
Ground is connected also through contact § of relay
231, contact 5 of relay 2BS, contact 7 of relay TC1,
contact § of relay TC4, contact 9 of relay DCA and the
winding of the Minutes Tens register relay 1, Figs. 69
and G, to indicate 1 minute tens. ‘Thus by means of the
translation digits appearing in two positions of the num-
ber, namely the B and C positions, have been employed
to afford information for an extra position.

Calling office translator (Figs. 37, 39, 40, 41 and 42) —
The purpose of the calling office translator is to obtain
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an arbitrary three-digit number corresponding to the
calling office. The information from which this num-
ber can be obtained is the calling office index and the
marker group. In all cases the marker group is a fixed
one for the duration of any given tape. The marker
groups unit Marker GRP Units and marker group tens
Marker GRP Tens switches, Fig. 32, are manually set
to the marker group that is applicable to the tape being
processed. As soon as the off-normal relays have op-
erated the switch settings cooperate to effect the operation
of one marker group relay out of a group of one hun-
dred relays OT08 to OT99, Fig. 50, corresponding to
the setting of the switches. Actually the setting of the
marker group tens switch operates one of the ten relays
in the group OTTY to OTTI, Fig. 49. For instance as-
suming that the marker group tens switch is set to engage
its first wired contact, contact 2, a circuit may be traced
from ground through contact 3 of relay OGT or con-
tact 3 of relay EGT, depending upon which is operated,
through arm 2 and confact 2 of the switch and the
winding of relay OTT® in Fig. 49 operating relay OTTO.
The marker group units switch sends out a ground on
one of ten leads depending on its sefting to pass-through
the contacts of the particular one of the OTTO to OTT9
relays that is operated. For instance, -assuming the
marker group units switch set on its first wired contact,
a path may be traced from ground through contact 37,
relay OGU or EGU, arm 2 and contact 2 of the marker
units switch, contact 1 of relay OTTO0 and the winding
of relay OTT9 to battery, operating the relay. This one
ground that goes to one contact only on each of the
OTTY to OTTY relays therefore will find only one cir-
" cuit closed and will operate one of the OT06 to OT99
relays. This particular one of the OT96 to OT99 relays
then represents the marker group that is set on the
switches. ]

The office index indication is given by the relay that
is operated in the office index circuit in the lefi-hand re-
lay column in Fig. 50. In the case of summary tapes

from the summarizer one out of these ten relays OT0-OT9

will be operated directly from the central office switch
as soon as the off-normal relays have operated., The
circuit ‘may be traced from ground through contact 3
of relay EC# or relay OC8, contact 17 of relay SA, arm
2 and top wired contact of switch Cent. Office and . the
winding of relay OTO to battery operating relay OTOQ.
This is possible on the summary tapes since the entire
tape originates in the same central office.

In the case of detail tapes, that is any tape other than
a summary tape, the office index relays OT0 to OT9 are
operated from a decimal translation on the B digit of
the first line register, Fig. 17, through make contacts
of relay DA in Fig. 47. For example, the circuit for
operating the 9 relay in this group, relay OT9, requires
the simultaneous operation of relays 1B7 and 1B2, in the
line register, Fig. 17. The circuit may be traced from
ground through contact 9 of relay 1B2 operated, contact
8 of relay 1B7 operated, contact 5 of relay 1B normal,
contact 28 -of relay DA and the winding of relay OT9
_to battery, operating relay OT9.. Therefore on the detail
_tapes the office index relay may change from call:to
call. The office index relays- originate three grounds
.each, one for the A, one for the B and one for the C
digits of the calling office; which are sent out to individual
.contacts on all OT60 to OTS9 relays. Each of the QT8¢
to OT%9 relays is indicated as having thirty contacts,
three for each of the ten class register relays. It is to be
understood, of course, that the relay arrangement may
be changed to suit particular conditions.

The three grounds that are originated on the particular.

_office index relay that is operated will therefore find only
one closed circuit for each depending on which of the
hundred OTO09 to OT99 marker group relays is operated.

"Each one of these three grounds is now individual to the
particular combination of marker group and office index
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or a straight five-digit number.
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and therefore each of these grounds can be used to rep-
resent the A, B or C digit of the calling office. The out-
put from the marker group relays therefore is brought to
a cross connection field shown at the right of Fig. 50.
Each of the A leads is brought to one set of 18 terminals,
each of the B leads to a second set and each of the C
leads to a third set. From these cross connection termi-
nals leads are code cross connected in accordance with
an arbitrary numbering scheme representing the calling
office A, B and C digits to particular terminals in a
cross connecting terminal field shown at the left of Fig.
60. On the output side of the cross connection field at
the left of Fig. 60 the terminals are grouped in three
groups, from top to bottom, the top group for the A or
first digit of the calling office number, the middie group
for the B or second digit of the calling office number
and the bottom group for the C or third of the calling
office number.-

The leads from this output cross connection field at
the left in Fig. 60 are carried through contacts of the
calling office output register connector relay CCA to
operate one relay in each of the calling office output
registers, Calling Office A Digit, Calling Office B Digit
and Calling Office C Digit, Fig. 72 and Fig. K. One
and only one relay in each of the three calling office
output registers will be operated for any one call. For
example, a circuit may be traced from ground on contact
2 of relay OTO through contact 2 of relay OT86, assum-
ing these two relays operated, to terminal @ of the B
lead terminals, which it will be assumed is cross connected
to terminal 0 of the B leads in Fig. 60, then through
contact 11 of relay CCA, into the Calling Office B digit
register, Fig. 72 and Fig. X, and through the winding
of relay O in the register to battery operating relay 0.

Called number—General discussion—The numerical
portion of the calied ling number, herein referred to as
called number, is found for each detail call in the fourth
line of the eafry on the tape. The calied number may
be one of three different types, that is a three-digit num-
ber, a four-digit number with or without party letter
In order that each type
may be handled differently, an indication of the type,
referred to as the called number index, is found in the
C digit of the third line of each detail call entry. The

-numbers 0, 1 and 2 have been chosen to indicate three-

digit, four-digit and five-digit numbers vespectively. The
tape to card converter stores in its input registers six
digits, namely. 3C, 4B, 4C, 4D, 4E and 4F, for handling
called number for each detail call. If the 3C digit, or
called number index is O the digits, 4B, 4C and 4D make
up the three-digit called number and may be transferred
directly, at the proper time, to the Called Number Hun-

dreds, Called Number Tens and Called Number Units .

registers, Fig. 66 and Fig.- D, Fig. 65 and Fig. D aad Fig.

65 and Fig. D, respectively, for punching. For example, .

assuming relays 4B1 and 4B® operated simultaneously,
circuits may be traced from ground through contact 3
of relay 4B and contact 6 of relay 4B1, respectively,
through contacts 1 and 2 of relay CD, Fig. 61, intc the
Called Number Hundreds register, Fig. 66 and Fig. D,
and through the windings of relays § and 1 in this register
to battery, operating relays 8 and -1, respectively. Re-
lays of the group 4C9 to 4C7 and 4D$ to 417 will con-

- trol refays in the Called Numbei Tens and Units registers,
respectively, over similar paths.

Digits 4E and 4F, as
read from the tape, will be 0.in this case and will not be
transferred to the output. The ten thousands and thou-
sands called number columns and party column
on the output card will in this case be blank.
If the called number index is 1, indicating a four-digit
number the digits 4B, 4C, 4D and 4E may be transferred
at the proper time to the oufput registers Called Number
Thousands, Called Number Hundreds, Called Number

Tens and Called Number Units in a similar manner for

punching. Digit 4F will in this case be one of several

-+
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values. A 0 will indicate no party letter and cause the
barty column to be blank. A 1,2, 3, 4 or 8 will be treated
in the same manner as a 0. Nos. 5, 6, 7 or 9, as read
from the tape, indicate a party letter of IL, M,RorW
respectively. For cxample, assuming that the 4F digit
Is 5 corresponding to party I, a circuit may be traced
from ground through contact 8 of relay 4F4, contact 8
of relay 4F1, contact 23 of relay C1, Fig. 61, and the
winding of relay 5J1 to battery in the Called Party reg-
ister, Fig. 67 and Fig. F, operating relay 5J1 correspond-
ing to party J. Corresponding paths may be traced to
operate relays NPY, 6M4, 7R9 and 9W6 to indicate No
Party, party M, party R and party W respectively. Digit
F in this case is translated to the underpunch of the
IEM two-hole code for letters and placed in the party out-
put register which will cause a hole to be punched in
a column to represent the correct party letter. This will
be made clear hereinafter. If the called number index
is 2 the digits 4B to 4F, inclusive, are connected straight
through to the Called Number Ten Thousands, Fig. 66
and Fig. E, Called Number Thousands, Fig. 66 and Fig.
C, Called Number Hundreds, Fig. 66 and Fig. D, Called
Number Tens, Fig. 65 and Fig. D and Called Number
Units, Fig. 65 and Fig. D, output registers, respectively.

A description of the IBM card and the two-hole code
for leiters at this point will explain the basis for punch-
ing pariy letter. The IBM card, as heretofore mentioned,
5! columns, each of which may be punched for a
or letter. The columns are divided into twelve

on from © to 9, inclusive, to represent a

' lgit. A letter is indicated in any particular
an by two holes one of which is in horizontal row
or § and the other in one of the horizontal rows
A hole in the upper group, 12, 11 and 0 is known
cverpnnch; a hole in the lower group, 1 to 9, in-
usive, is known as an underpunch. The combination
of overpunch and underpunch required for each of the

Eetiers in the alphabet is shown in the table below:
Underpunch
1 2 38 4 5 6 7 8 9
2 ABCDZEXUVFGHI
Overpunch 11 J XK L M N 0 P Q R
0 58 T UV WXY 2

The tape to card converter for simplicity of circuit ar-
rangement, was designed to use only the underpunch of

tailed operation for called number.—A further de-

tailed description at this point of the circuit operation
for handling called number will facilitate its understand-

ing. Let us assume a called number of 12348, Call
entry information will then be registered in the tape and
in the input register as follows: 1 in digit 3C to indicate
a four-digit number, as heretofore explained, 1 in the 4B
digit, 2 in the 4C digit, 3 in the 4D digit and 4 in the 48
digit for the number 1234 and a 6 in the 4F digit to repre-
sent the party letter M. Input registers relays 3C% and
3C1 which compose the called aumber index will pass
ground from contact 6 of relay 3C1 through contact 5 of
relay 3C8, contact 7 of relay CRA, Fig. 24, and the wind-
ing of relay Ci to battery, Fig. 61, operating register con-
nector relay C1 when connecter controt relay CRA is op-
erated, This relay will opsrate when the output registers
have been down-checked and the input registers have been
up-checked, as described in the section on transfer con-
trol.

The output registers will then be filled with complete
call information. The digits for the called number will
be cut thirough as follows.

With relays 4B8 and 481 operated simultanecusly to
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indicate numeral 1 in the thousandths digit, grounds are

supplied from coniact § of relay 450 and contact ¢ of

relay 4B4 threugh circuits which extend through contacts

i and 2 of relay C? into the Called Number Thousands
§ register, Fig. 65 and Fig. C, and through the windings

of relays & and 1, respectively, in the register to register

the mumeral 1 on a two-out-of-five basis,

To indicate the hundreds digit 2, relays 4C8 and 4C2

will be cperated simultaneously. Two circuits will thus
be established frem ground on contact 5 of relay 4C9
and ground on contact 7 of relay 4C2, through contacts

and 8 respectively of relay C1 into the Called Number
ds register, Fig. 66 and Fig. D, and through the
windings of relays @ and 2 respectively in the register,
operating relays @ and 2 simultaneously to indicate the
ndreds digit 2 on a two-out-of-five basis,
To indicate the lens digit 3, relay 4D1 and 4D2 will
be operated simultaneously establishing two circuits from
ground on contact § of relay 4D1 and grotnd on contact
/ of relay 4D2 through contacts 12 and 13 of relay C1
into the Called Number Tens register, Fig. 65 and Fig.
igh the windings of relays I and 2 in the
isicr, respectively, to baitery operating the relays to
indicate the tens digit 3 on a two-out-of-five basis,

To indicate the units digit 4, relays 489 and 484 will
be operated simultaneously establishing two circuits from
ground on contact § of relay 488, and ground on contact
6 of relay 4F4 through contacts 16 and 12, respectively,
of relay C1 iato the Called Number Units register, Fig.
65 and Fig. I, and through the windings of relays 0 and
4 in the register, respectively, to battery operating the
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relays to indicate the units digit 4 on a two-out-of-five
basis,

the party letter M relays 4F2 and 4F4
ted simultaneously since the letter M as
foregeing is indicated by a 6 in the ¥
ourth line. A single circuit may then be

ground through contact 7 of relay 4F4,
contact 7 of relay 4%, contact 23 of relay C1 into the

40 called Party register, Fig. 67 and Fig. ¥, and through
the winding of relay 6M4 to battery, operating the relay
which corresponds to party M.

Shortly after all output registers, including those
enumerated above for called number have operated a
45 card will be punched, in a manner to be explained, with

this information. The called number registers, thousands,
ht eds, tens and units will cause assigned vertical col-
{ the IBM card to be punched with 1,2, 3 and 4,
ively, thus effecting a translation by the configura-
f their contacts from a two-out-of-five registration
to a one-hiole punch. Meanwhile party register relay
614 will cause a 4 to be punched in the party column
signifying the party letter M thus effecting

(¢l
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a trenslaticn from a decimal registration of the dialed
85 eguivelent of party lstter to the uinderpunch of the IBM
code for that letter. The Called Number Ten Thousands

t be filled £

this call. The complete
p-check however will bs continuous since
number tsn thousands register or the
ister may be filled alternatively to aford
ed hereinafter.
called number will be regisiered in the
1 a similar manner using output register con-
relay CU operated from a called number index of

,....
=
[«

85 0. The circuit may be tracad from ground through con-
tact 5 of relay 3C7, contact 6 of relay 3C4, contact 8
of rejay CRA and the winding of register connector re-
ay CF to battery, operating the relay. As may be un-

led from the B, C and
cf the line 4 input register. Relay C§ from
round on its contact 17 will also operate relay NPY in
e Party register indicating no party, and from ground
on its contact 1§ will operate relay 3DN, Fig, 62, indi-
cating a thrze-digit number in the cutput register group-~
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ing circuit. - These relays enable an output register up-
check. The called number ten thousands and the calied
number thousands will not be filled for this kind of call.

A four-digit called number without a party letter will
be transferred to the output through register connector
relay C1 as described above for a four-digit number with
party. Relay C1, however, will extend a lead from
ground through any of various combinations of cperated
relays, corresponding to digits C, 1, 2, 3, 4 and 8 in the
line 4F digit input register, through coatact 21 of relay
C1 and the winding of relay NPY in the Called Party
register, Fig. 67 and Fig. F, to indicate no party. This
fills the party register as described above for a three-digit
number. Actually only a zero should be encountered
in the 4F digit if there is no party letter. In this case
the ground is connected through contact 6 of relay 4F7
and contact 6 of relay 4F4.

A five-digit number will be transferred to the output
through register connector relay C2 operated from a
called number index of 2. The circuit may be traced
from ground through contact 7 of relay 3C2, contact
of relay 3C7 released, contact 6 of relay 3C$, contact
6 of relay CRA and the winding of relay C2 to battery,
Fig. 62, operating the relay. The ten thousand, thousand,
hundreds, tens and units called number registers will then
all be filled from the B through F digits of the line 4
input register. The party register will not be filled in
this case.

When processing a summary tape the last day is regis-
tered since the circuit is arranged on a flexible period
basis. . The last day is not registered when processing
detail tapes.

On a flexible period basis, ground is connected from
contact 3 of relay ODT, or contact 3 of relay EDT, op-
erated, through contacts 9 and 18 in paraillel of relay
SA operated. From contact 9 the path extends to arm 2
and from contact 1§ to arm 3 of the Last Day Tens
switch. - It will be assumed that the switch arm engages
its top wired contact, This extends arm 2 through con-
tact 9 of relay SCA into the Last Day Tens register,
Fig. 64 and Fig. D, and through the winding of relay
7 therein -to battery, operating the relay. The path
through arm 3 extends through contact & of relay SCA
into the same register to operate relay 4 therein. The
operation of relays 4 and 7 simultaneously, according to
the two-out-of-five code, register O tens. By moving both
switch-arm 2 and 3 simultaneously into successively lower
positions 1, 2, or 3 tens will be registered according to
the code, the registration of 0, 1, 2 or 3 in the register
corresponding to the setting of the switch, Af the same
time ground is connected from contact 3 of relay ODU
or coatact 3 of relay EDU through contact 14 of relay
SA, operated, in parallel to arms 2 and 3 of the Last Day
Units switch. - It will be assumed that arms 2 and 3 of
this ‘switch alsc are in engagement with their effective
top contacts. A circuit may then be traced from arm 2
through contact 14 of relay SCA into the Last Day Units
register and through the winding of relay 7 to battery,
operating relay 7. Switch arm 3 extends through con-
tact 13 of relay SCA and the winding of relay 4 to battery
in the same register, operating relay 4. Relays 4 and

- 7 together register the numeral 0 according to the two-
" out-of-five code. As the switch arms 2 and 3 are actuated
simultaneously to engage successively lower terminals of
the switch, digits 1 to 9 will be successively registered
in the register according to the two-out-of-five cede to
designate the last day of a period, the registration corre-
sponding to the positions of the switch arms.

~ Month.—The month is derived from the month set-up
switches, the settings of which are checked against tape
identity on the input tape. For example, it will be as-
sumed that the month to be registered is January. The
Month Tens switch will be set so that its arms engage its
top wired terminal and the Months Units switch is set
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so that its arm 3 engages its top wired terminal. A
circuit may then be traced from ground on relay OMT
contact 3, operated, arm 2 and top wired terminal of
Month Tens switch, terminal 4 of relay OMU operated,
arm 3 and top wired terminal of Month Units switch,
terminal 1 of relay SMC and the winding of the relay
JAN in the Month register, Fig. 63 and Fig. B. As a
second example it will be assumed that the month No-
vember is to be registered. The Month Tens switch will
be set on its second wired terminal from the top. The
Meonth Units switch will be set so that. its arm 2 engages
its second wired terminal from the top. A circuit may
then be traced from ground through contact 3 of relay
OMT through arm 2 and its second wired terminal from
the top, contact 3 of relay OMU operated, arm 2 of
switch Month Units, contact 11 of relay SMC and the
winding of relay NOV in the Month register, Fig. 63
and Fig. B.

On detail calls it is necessary to advance the month
registration by 1 for instance from January to February
or from November to December if a particular call is
made on the first day of the following month. The day
tens digit of the start time line determines if the month is
registered as on the month set-up switches or one higher
than the setting on the month set-up switches, This is
determined by the appearance of a 4 or a 9 in the B digit
of the start time line. The 2B0, 2B1, 2B2, 2B4 and
2B7 relays of the input register, Fig. 18, each connect an
individual ground through contacts 31 to 35 of relay DA,
Fig. 47, and the windings of translator relays TB@, TBI,
TB2, TB4 and 2B7, Fig. 48, which operate as do the
corresponding input register relays. If a 4 appears in
the translator, ground is connected through contact 3 of
relay TB@ and contact 3 of relay TB4. If a 9 appears
ground is connected through contact 3 of relay TB2 and
contact 4 of relay TB7. The branches are joined and
extend through contact 9 of relay CRA operated and the
winding .of relay NMC, operating the relay, Fig. 56.
There are twelve sets of contacts on each of relay SMC
and NMC numbered 1 to 12 on each relay. Each of their
upper contacts is connected in parallel to correspondingly
numbered contacts on the other. The lower contacts
1 to 12 of relay SMC extend to the windings of relays
January to December respectively in the Month register.

 Reference to the lower terminals of relay NMC dis-

closes that each is formed in parallel to a one higher
numbered terminal of relay SMC, so that when relay
MNMC is operated the next succeeding month is registered.
If any digit other than 4 or 9 appears in this translator,
such for instance as 2, a circuit may be traced from ground
through contact 1 of relay TB®O, contact 19 of relay CRA
and the winding of relay SMC to battery operating the
relay which effects a normal registration of the month
as set up on the switches.

On summary calls ground is closed through contact
23 of relay SA operated and contact 19 of relay CRA
operated and the winding of relay 5MC to battery to
operate relay SMC which registers the month as set on
the month set-up switches. )

Output registers and output register connectors.—Qui-
put registers general —The output registers of the tape to
card converter are designed to store information which
is in a form that may be used by the IBM punch and to
control the punching of individual cards for detail calls
and subscriber summaries. Since it is desirable that
the tape to card converter read information for indi-
vidvual detail calls or summaries at AMA tape reader
speed, and since the converter must feed and control the
IBM punch at its maximum speed of 100 cards per
minute, a two-step arrangement using input and output
stcrage registers with a transfer circuit has been adopted.
Since part of the information for detail calls or sum-
maries which is read from the AMA tape and stored in
input registers must be altered for the output, some of
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the input registers lead directly into tramslator circuits.
The cutput of the translators and the output of the re-
maining input registers which do not require translation
compese cemplete information for any given detail call
or summary which may be transferred to the output
registers when the signal is given that the output registers
have been emptied and the input registers are filled. In
general, the design is such that an output register must
be provided and filled for every hole to be punched on a
card. The information required on a card is mostly
numerical or a single numerical representation of a letter
which calls for one hole per column and therefore one
output regisier per column. In alternate columns on both
detail and summary cards a so-called X or Y punch is
required for identification. This information stored in
the cuiput is confined to one register. An X or Y punch
and numeral may be placed in one column. Punching
this column then requires the use of two output registers.
Another irregularity in the register per column arrange-
ment is the month register which controls the punching
of two columns.

A tape to card converter will be equipped with 30
output registers. These are indicated on the ten figures,
Fig. 63 to Fig. 72, inclusive, 3 registers to each figure.
The registers themselves are shown on ten lettered figures,
Figs. A to H, inclusive and Figs. J and X, As is apparent
from the foregoing, certain of the registers are operated
on a iwo-out-of-five basis and others on a decimal basis.
The selection of output register type, that is two-out-of-five
or decimal, for a given register, has been made for sim-
plicity of circuit operation and/or economy in the use
of apparatus. Registers of the twe-out-of-five type show
a direct saving in relays. Registers for calling office, start
time tens and party have been made decimal type for
simplicity of translator circuit design. Special registers
such as month and overpunch are operated on a one
relay only basis and therefore resemble decimal registers.

The arrangement, connections and designations of the
output registers are shown in Figs. 63 to 72 inclusive.
Bach output register carries the designation of its register.
The register designation indicates the item which is to be
punched con the card. The order in which the registers
have been laid out was chosen to resemble the order in
which information is found in the tape entry. The order
of the registers is fixed by the up-check and down-check
leads which thread through the system of registers and
through the contacts of the individual relays within the
registers. The up-check lead designated UC and the
down-check lead designated DC are each shown entering
the individual registers on their righi-hand side. If the
proper nuwmber of relays within a register is operated
a continuocus path is afforded through contacts of each
register for the up-check lead. The up-check lead is
shown emerging from each individual register on its left-
hand side designated UC1., The down-check lead finds a
contimious path through the various registers and through
contacts of all individual relays within each register when
all relays in the registers are released. After passing
through the relay contacts of a particular register it is
shown emerging at the left-hand side of the register desig-
nated DCL. The direction of passage through a register
for both the UC and the DC leads is from right to left
except that the DC lead passes through contacts from
left to right for registers operating on 2 two-out-of-five
code basis to afford an economy of total required con-
tacts for both up-check and down-check in an arrange-
ment which is also proof against the formation of spurious
paths.

Sources of information and associated connectors.—
The output registers of the tape to card converter, as
heretofore explained, derive their information from input
registers, translators, and set-up switches through output
register commectors. The detailed circuit operation of
these switches has been described hereinbefore in appro-
priate sections. The object of this section, which is largely
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a general summation of the input to output register opera-

tion, is to tie in the input circuits of the converter with

the output registers in groups and by name and to de-

scribe the manner in which the associated connectors are
5 operated.

Calling office—The designation of the calling office is
presented as an arbitrary three-digit number on a decimal
basis by the marker group translator units circuits, Figs.
49 and 50, through a cross connection field, Figs. 50 and

10 60, and output register connector relay CCA, Fig. 60,
to ouiput registers Calling Office A Digit, Calling Office B
Digit and Calling Office C Digit. The purpose of the
cross connection field is to make the selection of the digits
representing calling office purely arbitrary. The output

15 register connector relay CCA is operated directly from
ground on contact 1 of connector control relay CRA,
Fig. 24. The common connecter relay CCA is operated
for each call on any type of tape. The calling office out-
pui registers for the A, B and C digits are therefore filled

20 for any summary or detail call.

Calling number~—The calling number is passed to the
output by the line 1 input register, Figs. 17, 27 and 37,
as a four-digit number on a two-out-cf-five basis through
cutput register connector relay CCD, Fig. 57, to fill out-

25 put registers Calling Number Thousands, Calling Num-
ber Hundreds, Calling MNumber Tens and Calling Num-
ber Units, Fig. 66 and Fig. C, Fig. 66 and Fig. D, Fig. 65
and Fig. D, and Fig. 65 and Fig. D, respectively; the con-
nector relay CCD is operated directly from ground

80 through contact 1 of connector control relay CRA. Relay
CCD is also a common connector which is operated for
every call on ail tapes. The calling number output
registers for the thousands, hundreds, tens and units are
therefore operaied for every summary and detail call.

35 The information in these registers wiil be exactly as found
in the first line of the input tape entry.

Start iime—~The start time is transferred from the
start time translator, Fig. 48, and the line 2 input register,
Figs. 18, 28 and 38, as a six-digit number through output

40 register connector relays to output registers Answer Day
Tens, Answer Hour Tens, Answer Minute Tens, Answer
Day Units, Answer Hour Units and Answer Minute Units.
The output registers for the three tens digits are abbre-
viated decimal registers, that is each has fewer than ten

45 relays, whose information is taken from the start time
translator. These registers are abbreviated since the day
tens cannot exceed three, the hour tens two and the min-
ute tens five. The three units digits are transferred from
the line 2 input register relays 2D9 to 2D7, Fig. 28, relays

50 ZE® to 2E7, Fig. 38, and relays 270 to 2F7, Fig. 38, on
2 two-cut-of-five basis exactly as read in a tape entry.
The output register conmector relay DCA, Fig. 58, is
used to pass the information for day tens, hour tens and
minute tens aad is operated from grcund on contact 8

55 of relay DC through contact 3 of rejay CRA operated.
The relay DC is part of a detail connector which is
operaied for every detail call. The information stored
in the input register for day units, hour units and minute
units s connecied to the outont registers through com-

60 mon connecter relay CCD which is operated directly
fr ¢ ground on contact 1 of cennector control CRA.,
The registers for the three tens digits will be filled for
detsil calls only, while those for the units digits will be
filled for every detail call or summary. Their use in

85 coimection with summary is described in the next suc-
ceeding paragraph. '

Summary—A summary of message units for a given
eniry on a summary tape is transferred directly from line

4 input register as a four-digit number, namely,
ands, hundreds, tens zad units, on a two-out-of-five

t.
housands through various output register connector
te fili output registers Summary Thousands, Sum-
i Hundreds, Summary Tens and Summary Units,
75 Fig. 69 and Fig, B, Fig. 69 and Fig. D, Fig, 69 and Fig. D,

b
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"and Fig. 68 and Fig. D, respectively. The circuits hav-
ing the information for the thousands digit are closed
through connector relay SCA, Fig. 56, which is operated
for summaries only, from ground on contact 1% on tape
index register relay SA through contact 2 of connector
control relay CRA. The hundreds, tens and units digits
are closed through connector relay CCD as described in
the preceding paragraph. The outpui registers used for
the four digits of summary were chosen so that the input
register digits 2C, 2D, 2E and 2F might be transferred
to the same output registers directly or indirectly for
both summaries and- detail calls.

Called office and area~—The three digits used to indi-
cate called office and the single digit for area are trans-
ferred directly from the line 3 input register on a two-out-
of-five basis through output register connector relays DCA

_to fill the output registers. The Called Area register,
Fig. 68 and Fig. D, is controlled by relays 38§ to 3B7,
"Fig. 19. The Called Office A Digit register, Fig. 68 and
Fig. D, is controlled by relays 3D to 3D7, Fig. 29. The
Called Office B Digit register, Fig. 67 and Fig. D, is con-
trolled by relays 3E0 to 3E7, Fig. 39. The Called Office
C Digit register, Fig. 67 and Fig. D, is controlled by
relays 3F0 to 3F7, Fig. 39. The connections between
the input registers and the output registers pass through

contacts of relay DCA in each instance to operate the

_registers directly, that-is without translation, exactly as
read from the input tape. The connector relay DCA
- is operated for detail calls only, as described, from ground
on contact 8 of the tape index register relay DA through
contact 3 of connector control relay CRA. The four
“registers described in this paragraph are not filled when
summary tapes are being processed.

Called number and party.—The derivation of called
number has been described hereinbefore, in the descrip-
tion. of the input part of the circuit. A description of
the connectors and the disposition of called number digits
in the output registers will complete the description of
this feature.

A three-digit called number is transferred directly from
line four of the input register on a two-out-of-five basis
through output register connector relays C§, Fig. 61, to
fill output registers Called Number Hundreds, Fig. 66
and Fig. D, Called Number Tens, Fig. 65 and Fig. D,
and Called Number Units, Fig. 65 and Fig. D. The
“called number hundreds, tens and units registers are
controlled by input register relays 4B¢ to 4B7, Fig. 20,
“4C0.to 4C7, Fig. 30, and 4D9 to 4D7, Fig. 30, respec-
tively. The remaining called number registers, Called
Number Ten Thousands, Fig. 66 and Fig. E, and Called

" Number Thousands, Fig. 66 and Fig. C and the Called-

Party register, Fig.. 67 and Fig. F, will not be set up
for punching in this case. Called number index zero
connector relay CO, which identifies a three-digit called
number, is operated from ground through contact 5 of
relay 3C7, Fig. 29, contact 6 of relay 3C4, these relays
being operated for a zero registration in the C digit of
_the third line of the input register and through contact 8
of relay CRA.

A four-digit called number is identified by the appear-
. ance of the digit 1 in the office index, that is, in the C
“digit position of the third line of the input register. This
"effects the operation of relays 3C9 and 3Ci, Fig. 29.
The operation of these relays in turn operates output
register connector relay Ci, Fig: 61, over a path from
ground on contact 6 of relay 3C1, contact 5 of relay 3C8,
-contact 7 of relay CRA and  the winding of relay Ci.
‘The four-digit number has its- thousands, hundreds, tens
and units digits stored in the 4B® to 4B7, 4C0 to 4C7,
4048 to 4D7 and 4E¢ to 487 relays, respectively, Figs.
20, 30 and 40. Combinations appearing on these relays
“are then transferred on a two-out-of-five basis through
the operated register connector relay C1 to the output
‘registers Called Number Thousands, Fig. 66 and Fig. C,
" Called Number Hundreds, Called Number Tens and
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Called Number Units, respectively,  If there is a party
letter it is stored in the relays for the F digit of the
fourth line, relays 4F0 to 4F7, and will be transferred
on a decimal basis, also through connector relay CI, to
the Called Party register, Fig. 67 and Fig. F, to operate
one of the party output register relays 5Ji, 6M4, 7R9
and 9W6, the first number 5, 6, 7 or 9, in each of these
designations being the dialed equivalent of the party

letter, the last number 1, 4, 9 or 6 being the correspond-

ing underpunch of the IBM two-hole code for letters.
When there is no party designation following a four-digit
number, as dialed relay 4F9 will be operated in the input
register. This in turn will operate relay NPY in the
Party register through relay CZ, indicating .no party.
This relay has no output from the output register, that
is to say its operation does not affect punching of the
card. The Called Number Ten Thousands register will
not be used in this case. ‘

A five-digit number is transferred when a-2 appears
in the office index relays, 3C0 to 3C7, which actuates
relays 3C% and 3C2, connecting ground through contact
7 of relay 3C2, contact 6 of relay 3C7 released, contact
6 of relay 3C8, contact 6 of relay CRA and the winding

“of relay C2, Fig. 62, operating relay C2. This transfers

the information stored in relays 4B3-——4B7, 4C§ to 4C7,
4D§ to 4D7, 4B to 4E7 and 4F9 to 4F7 through the
output register connector relay C2, Fig. 62, to the out-
put registers on a two-out-of-five basis, to output reg-
isters ‘Called Number Ten Thousands, Called Number
Thousands, Called Number Hundreds, Called Number
Tens and Called Number Units, The party register will
not be filled in this case.

AMA class—The single digit representing AMA class
is transferred from the class translator, Fig. 51, or tape
index register, Fig. 25, as discussed in the section on

“class translation on a two-out-of-five basis through the

card count circuit, Fig. 46, or directly from the transla-
tor through the output register connector relay DCD to
fill the Class output register, Fig. 65 and Fig. D. The
detail ‘connector relay DCD,  Fig. 59, is operated from
ground on contact § of relay DC through contact 3 of
relay CRA. '

Chargeable time.—Minute tens and units of chargeable
time as read from the tape entry are transferred from
the line 5 input register on a two-out-of-five basis through
output register connector relay DCD, Fig. 59, to fill cut-
put registers Charge Time Tens and Charge Time Units,
Fig. 64 and Fig. D. The detail connector relay BCD
is operated from ground on comtact § of relay DC
through contact 3 of relay CRA. These registers are set
up for punching on all detail calls including those for
which there is no chargeable time that is for calls on
which the chargeable time is registered as 00.

Last day.~—Tens and units of last day as recorded in
a tape -are transferred directly from the Last Day set-up
switch settings on a two-out-of-five basis through output
register connector relay SCA to fill output registers Last
Day Tens and Last Day Units, Fig. 64 and Fig. D. The

_connector relay SCA is part of a summary cennector. it
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is -operated from' ground on contact 19 of relay SA
through contact 3 of relay CRA. The Last Day Tens
register is not punched. on the card but is used to pro-
vide an up-check for this register for summary cards.
Registers Charge Time. Tens and Charge Time Units are
designated for their detail use, charge time, but are filled
for any kind of card. .
Message units—When message units are to be punched
for a detail call a two-digit number, tens and units is
traasferred on a two-out-oi-five basis directly from line
five of the input register through output register connec-
tor relay MUC to fill output registers Message Unit Tens,
Fig. 64 and Fig. D, and Message Units Units, Fig. 63 and

~ Fig. D. The message unit connector relay MUC, Fig. 59,

75

is operated from ground on line five of the input register,
for example, from ground through contact 6 of relay
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5E1, contact 5 of relay SE0 operated, contact 11 of relay
CRA and the winding of relay MUC to battery. Ii
will be observed that the ground which operates relay
MUC originates in the relays corresponding to the E and
T digits of the fifth line of the input register to which
the lead extending from the winding of relay MUC
thirough contact 1% of relay CRA is connected in parallel.
The relay MUC will be operated in response to the ap-
pearance of the combination corresponding to any digit
in either of these input register sections other than 0 in
both positions simultaneously. The output registers Mes-
sage Units Tens and Message Units Units are used for
detail calls only. They are not filled for 00 message
unis,

Month.—Month is taken directly from the Month set-
up switch setiings on a one-only basis through one of the
ouiput register connector relays SMC or NMC, Fig. 56,
to fill the Month output register. The same month con-
necior relay SMC or the next month connector relay
NMC will be operated as described above. The output
for month will match the Month switch setting when relay
SMC has been operated and will be advanced by one
when relay WMC has been operated. The Month output
register is set np to punch iwo columns, namely, collate
monih and month. Information is punched in these col-
umns in accordance with the following table:

oele position in card

Month Collat

ollate
Month
Column

Month
Column

August. .
September. .
QOctober..____.
November.. ..
December. ...

cCocoocodmRLN—
e
WO IO WD O = D

Month is punched in two columns to permit single digit
month collating in a later stage of the IBM processing.
The Month output register is used for all summaries and
detail calls.

X and ¥ punchings—-Bach card put out by the tape
to card converter, summary or detail, bears an X or a
Y punch as a result of the operation of the relay 11X
or relay 12Y in the Overpunch output register, Fig. 63
and Fig, A.

In the case of a detail call, relay 11X or relay 12Y
is operated from the tape index register, Fig, 25, or the
class translator, Fig. 51, through detail connector relay
DD operated to indicate “charge” for a toll call or “no
charge” for message unit detail or observing calls, respec-
tively.

In the case of a summary, relay 11X is operated from
ground on contact 8 of relay 2B2 through contact 7 of
relay 2BY, Fig. 18, and contact 1 of summary connector
relay SCA, Fig. 56, and the winding of relay 12Y in the
Overpunch register to indicate 1000 message units. Relay
12Y is operated from ground through contact 9 of relay
2B4 through contact § of relay 2B0, contact 1 of relay
SCA and the winding of relay 12Y in the Overpunch reg-
ister to indicate less than 1000 message units. An addi-
tional X punch is made on any card as a result of the op-
eration of either relay 11X or relay 12Y on any card,
summary or detail, to indicate that the card originated in
AMA.

Output register control and grouping.—The output reg-
isters of the tape to card converter are controlled in a
manner such that their operation is synchronized with
that of the input circuits as well as the IBM punch. Re-
lays of the ocutput register control cause the output reg-
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isters to be operated and released when certain signals arc
received from the input register control and the punch
control respectively. The cutput register control also
indicates when a check has bsen made that there is either
a complete registration or a complete release of all relays
in the various output registers. In addition this control
circuit times the operation and release of grouping relays
which simulate up-checks for registers not used in any
particular call or summary.

A detailed description of the operation of the output
porticn of circuit will be given hereinafter. Briefly
iirst, however, a cycle of operation for the output registers
is as follows: An output register down-check plus an
input register up-check indirectly causes the operation of
output register connector relays to transfer information
from the input circuits to the output registers. An output
regiser up-check causes the release of the connectors and
icaves the ouiput registers locked to an indirect supply of
cff-normal ground. Shortly thereafter, when the output
register lock is considered to be secure, the input registers
are released. When the output register up-check is made,
2 signal is given to the punch sequence conirol to be
ready for punching. The output registers remain operated
until the punch check signals that a card has been punched
successfully. At this time the ouiput register lock grounds
are removed and the output registers are reieased. A
down-check is then made of the output registers to indi-
cate that they are ready for another cycle. )

Detailed circuit operation—An output register down-
check is made at the beginning of tape to card converter
operation and between calls or summaries when the out-
put registers are released, by extending ground through
confact 14 of relay MON operated, Fig. 3, thence through
contacts in series of all relays released in all output
registers, Figs. 73, 72, 71, 70, 69, 68, 67, 66, 65, 64 and
63, entering each register at the left on lead DCI and
emerging at the right on lead DC, thence into the output
register grouping circuit and through ccntact 4 of relay
3DN and contact 4 of relay NMU, Fig. 62, continuing
through contacts of each of relays CPL to CP33 and
CP40, Figs. 81, 80, 79, 78, 77, 76 and 75 and through
the winding of the output register down-check relay RDC,
Fig. 24, to battery operating the relay. Relay RDC oper-
ated, signals the card count and input register contro] as
described in the section on transfer control, to operate the
connector control relay CRA, preparatory io operating
the ouiput register conneciors. Relay CRA is locked to
off-normal ground through output register up-check relay
RUC normal. When relay CRA is operated, grounds
prepared by various input circuits ares extended to operate
output register connectors required for the particular call
or summary. The input circuits referred to are the set-
up switches, tape index register, the line 3 input register,
and the start time translator. These sources of connector
operate ground are used in various combinations as de-
scribed in the section, Outpui Registers and Output
Register Connectors. The output registers are then
cperated through their connectors to close ground through
a series chain of one only or two-out-of-five relays oper-
ated in each register to operate relay RUC. The circuits
will be traced in detail hereinafter. An up-check for
those registers which are not operated for a particular call
is provided by a relay in the grouping circuit as described
under the next succeeding heading Ouiput Register
Grouping. The operated relay or relays in cach of the
output registers are locked to ground from the pair of
relays, LGA and LRA, Fig. 24. The ground is supplied
through contacts 1 and 2 of relay LGA operated and ex-
tended through break contacts 1 and 2 in- parallel and
3 and 4 in parallel, respectively, on locking refay LRA an
thence over four separate leads to the cuiput registess.
Relay LGA is operated from ground through contact 14
of relay MON operated and contact 1 of relay LPG nor-
mal. Relay LPG in the off-normal and start circuit is
operated frora ground through contact 2 of relay 8T3

tha
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normal, contact 16 of relay MON operated and contact
4 of relay TCM normal or relay LPG may be operated
directly from ground through contact 3 or relay AL
operated.

Back contact 1 of relay LPG in the operate path for
the locking ground relay LGA, however, is shunted by a
back contact 2 on the output register release, GUT REG
RLS key, Fig. 4. in this manner locking ground is pro-
vided for the output registers only when the machine is
off-normal and it may be removed by the operation of
the output register release key following an alarm or a
machine release.

The output registers have been filled and locked as a
result of their down-check, When the up-check is made,
relay RUC removes locking ground from the connector
control relay CRA and it releases causing in furn the re-
lease of the output regisier connector relays. If relay
RUC remains operaied for a predetermined period the
input registers will be released. The operation of relay
RUC closes start ground from back contact 7 of relay
RDC through contact 9 of relay RUC, contact 1 of relay
SE, Fig. 82, contact 5 of relay AL, Fig. 1, through a chain
circuit extending through the armature and contact 1 of
each of punch sequence control relays 8E, 7E, 6E, SE,
4E, 38, 28, IE, @E, 11E and :2E, and terminal 11
column 2, Fig. 74, to emitter terminal 12, This is called
emitter lead E12. A branch of the emitter lead E12 cir-
cuit extends through the winding of relay 12F, Fig. 73, to
battery operating relay 12F which in turn supplies ground
through its contact and the winding of relay ETiZ to
battery operating relay ET12.  Another branch is multi-
pled inio the Month and Gverpunch registers. The pur-
pose of this will be made clear hereinafter. When the in-
formation stored in the output registers has been used for
punching a ‘card, relay 98 in the punch sequence con-
trol and relay OCP in the punch check will have been
operated as described hersinafter. Ground, through con-
tact 7 of relay RDC normal and contact 9 of relay RUC
operated, which was formerly the punch sequence control

start ground, is then closed through contact 2 of relay 4

S9E and contact 1 of relay OCP, both operated, contact
1 of relay SAL, Fig. 1, and the windings of relay LRA,
Fig. 24, and relay 9EH, Fig. 73, in parallel, to battery
operating the relays. Relay LRA operated removes lock-
ing ground from the output registers which are then re-
leased. Relay RUC is then released in turn. The locking
relay operate path remeains intact, however, through a
shunt around make contact ¢ of relay RUC which shunt
extends through contact 3 of relay 9E operated uatil the
operation of relay RDC indicates that all register relays
are released. Relay LRA is then released and locking
ground is then restored to the ouiput registers for a new
registration. Relay 9EH is also released at this time and
causes the release of relay 98 which completes the cycle
in the punch sequence contrel.

Output register grouping.—Certain output registers of
the tape to card converter are not used for all detail calls
while some of the same and other registers are never used
for summaries. Since a complete up-check of all output
registers is required for output register control, the up-
check must be extended artificially for these unused
registers. Several circuit arrangements are used to ac-
complish this grouping function. .

When the output registers are operated for any type
of detail call whose called number is given in three digits,
output registers Called Number Ten Thousands and
Called Number Thousands will not be filled. The Called
Party register will not be set up for punching but will be
filled by the operation of relay MPY for no party from
ground through contact 17 of relay C9, which will be
operated for the called number index zero. Relay C9
will also operate relay 3DN in the grouping circuit from
ground on contact 16 of relzy C8 to indicate the three-
digit number. The Called Party and Called Number Ten
Thousands registers are up-checked on an alternate basis,
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that is, one relay operated in the Called Party register
plus no relays operated in the Called Number Ten Thou-
sands regisier or no relays operated in the party register
and two-out-of-five relays operated in register Ten Thou-
sands will close alternate paths to afford an up-check.
Tn this case relay NPY operated will cause up-check
ground lead UC1, Fig. F, to be carried through the four
other relays of the Party register, from left to right, then
over lead PUC through all of the relays in the Called
Number Ten Thousands register normal. The operation
of relay 30N, at its armature i, will transfer the up-
check from its regular path through the Called Number
Thousands register, which path is closed through to lead
UC when two-cut-of-five relays of the register are op-
crated, when the register is used, to lead SUCE which is
closed through this register to lead SUC when all of the
relays of this regisier are normal when the register is not
used. This ia 1sad as it emerges from the register is

cennected to the regular up-check lead UCH, and extends .

through the other registers on the regular up-check for
the remainder of the outpwt register digits.

When a call has a four-digit called number, the Called
Number Ten Thousands register will not be filled. The
Called Patry register will be filled by the operation of
the no party relay NPY or one cf the party relays. This
register and the Called Number Ten Thousands register
are up-checked on an alternate basis as explained in the
preceding paragraph.

When a call has a five-digit called aumber the Called
Party register will not be filled but its up-check will be
taken care of by the Called Number Ten Thousands reg-
ister on the alternate basis described above.

When a call entry has 00 in the E and F digits of line 5
indicating no message units, relay MMU in the grouping
circuit, Fig. 62, will be operated from ground through
contact 6 of relay 4F7, contact § of relay 454, contact &
of relay 5F7, contact 6 of relay 5F4 of the lne S input
register, Fig. 41, contact 14 of the detail connector relay
DCD operated and the winding of relay NMU to battery
to switch the regular up-check lead UC at armature 1
of the relay after it emerges from the Charge Time Unifs
register and before it enters the Message Units Tens reg-
ister on the UCH lead, to the SUC1 lead, which is closed
through the register as well as the Message Unit Units
register when all relays in each are normal, when the
register is not used and then connects to the regular up-
check lead UCH for the up-check of the remaining reg-
isters.

Grouping relays 3DN and NMU, when uvsed, lock in
the same manner aad for the same time as output register
relays. In addition they are used to short leads in the
punch control circuit whose function is described in a
later section.

Grouping for the processing of summary tapes is ac-
complished in the tape index register, Fig. 25, through
its control of the output register connector relays as de-
scribed hereinbefore.

Up-checks for the following groups of output registers
which are never used for summaries are shunted by con-
tacts on relay SCA as follows:

1. Answer Day Tens and Answer Hour Tens.

The up-check path through these registers in series is
shunted by contact 25 of relay SCA operated.

2. Called Area, Called Office A, Called Office B, Calied
Office C, Called Party, Called Number Ten Thousands,
Called Number Thousands, Called Number Hundreds,
Called Number Tens, Called Number Units and Class.

The up-check path through these registers in series is
shunted by contact 26 of relay SCA operated.

3. Message Unit Tens and Message Unit Units,

The up-chack path through these registers in series is
shunted by contact 27 of relay SCA operated.

Converter contro! of punch.—General description of
punching—When the output registers of the tape to card

~converter have been filled with information to be punched
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On an IBM card, the output register up-check gives a start
signal to the punch sequence control to ground the first
emitter lead, which connects i contact 12 of the Emitter,
Fig. 74, the path has been traced in the forsgoing. The
punch emitter controls the connection of ground suc-
cessively through emitter contacts 12, 11, 8, 1, 2, 3, 4, 8,
6,7, 8 and 9 one at a time and through the rotatable arm
of the emitter. When the grounding period of the last
emitter contact % has ended, all required punches will
have been made in the IBM card in the manner described
below. The relay contacts operated corresponding to
any number stored in any given output register will close
the correspondingly designated E lead, of the group E9
to E9 and E31 and E12, shown entering the lower right-
hand portion of the varicus registers, as required, to a
punch and check punch relay in series for the column on
the IBM card in which the information in the output
register in question is to be punched. While the E12 lead
is grounded a path is closed through the Month register
and the windings of the check punch relay CP14 and punch
relay P14 or check punch relay CP%5 and punch relay P15
depending tpon the registration. At the same time a par-
allel path will be closed through contacts of the Over-
punch register to check punch relays CP16, CP17 or
CP18 and punch relays Pi6, P17 or P18, respectively,
depending on the manner in which the Overpunch reg-
ister relays are operated. As another example, consider
the Called Number Units register, Fig. 65 and Fig. D
and the lead ES. If relays 1 and 4 in the register are
operated simultaneously, the ES lead is connected through
contact & of relay % and contact 7 of relay 4 to the com-
mon punch lead P38, which extends through the top
winding of check punch relay CP3¢ and through the
winding of punch relay P3¢ to battery, cperating punch
relay P32, While any E lead is grounded, the punch
relay in the converter will be operated to close circuit
breaker ground to the punch magnet. The circuit may
be traced from the symbol for positive battery, which is
grounded, through interiupter contacts Ci1, C12, Ci3,
Fig. 74, terminal 16 column 1, contacts of all of the
punch magnets which are operated for the particular row,
into Fig. 83, through terminals of columns 4 and 5, which
may be cross connected to the windings of punch magnets
1 to 88 in any manner desired, to punch any vertical row
or rows of the card as desired. Only thirty-four punch
relays P1—P33 and P4¢ are shown and only thirty-four
of the eighty columns will be punched. A hole will
appear in the assigned vertical column in that horizontal
row which bears the same designation as the E lead, that
is, the emitter lead, in question since the motion of the
card in the punch is synchronized with the grounding of
the E leads. In order to punch any given number under
the control of 2 given register all emitter leads must ap-
pear at this register. Consequently each of the emitter
lzads from the punch sequence contrel is multipled to
all output regisiers which may store the number assigned
to the emitter lead being considerad.

Punch checking—When a given punch lead from an
output register is grounded the associated punch relay
P— and check punch relay CP— will be operated in series.
The relays CP-- are construcied to remain operated until
restored as described below. Shortly after the connection
of grouad to the E9 lead in the punching of a particular
card, a CP- relay will have been operated for every out-
put register used in punching. The ES lead of the punch
sequence conirol is then carried through make contacts of
all relays CPY to CP33 in series, Figs. 81, 80, 79, 78,
77, 76 and 75 and through the windings of relay CP49
and relay P48 to battery to operate relay P49 and relay
CP4§ in series. Relay P48 is assigned to a column in
which a 9 is punched to indicate a good card. Relays
CP- for ouiput registers not used for the punching of a
particular card will not be operated and therefore their
make contacts in the series chain must be shunted to effect
a good card check by the operation of P40 and CP40.
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Contacts on one and only one of the CP16 and CP17
relays for billing X and non-billing Y will be closed for
any given card. The make contacts of these two relays
arg, therefore, placed in parallel in the check chain.
Contacts on CP24 and CP28 relays for called party and
relay CP26 for called number ten thousands are alsc in
parallel since they are closed on a one only basis. Shunt-
ing these two CP- relay centacts is a contact on relay
NPY in the Party register to close the check path for a
three-digit number or a four-digit number without party
letter. - The called number thousands relay CP27 is
shuntzd by contact 3 of relay 3DN for three-digit num-
bers. The message units relays CP32 and CP33 are
shunted by contact 3 of relay NMU, Fig. 62, for no mes-
sage units. Relays CP- not used for summary cards are
shunted by contacts of relay SC.

Converter control of the 1IBM punch.—Several relays
are operated in the IBM punch as a result of the opera-
tion of both the Motor Start key and the machine start
kay Mach. Start, Fig. 4, in the tape to card converter.
These controls are discussed in detail in the section on the
IBM punch. In addition the converter must give a start
signal to the punch for every punching cycle. This signal
in effect becomes a priming pulse when the punch is kept
in continuous operation. The start signal in the con-
verter is the closure of a series chain of contacts, to be
traced in the next paragraph, which short the IBM punch
terminals 5 and § of column 1, Fig. 74. During con-
tinuous operation a closure between these terminals § and
6 keeps the panch ctutch operated during that portion of
the punching cycle for which the clatch control relays are
not focked.

During continnous coperation, the start signal is made
in the converter through the following series chain: IBM
punch terminai 6, column 1 through contact 6 of relay
AL nermal, through an input register up-check, to be
described in detail immediately hereinafter, through con-
tact 2 of relay CUL normal, contact 1 of relay OCL and
contact ¥ of relay NC operated, and contact 1 of relay
PT normal to IBM punch terminal 5, column 1. If
relay AL is operated, indicating an alarm in the machine,
its normally made contact will be opened and the start
signal cannot be given for a new punch cycle. The input
register up-check indicates during the current cycle that
a complete set of information is registered and is soon
to be transferred to the ouiput registers for punching.
Thus the input up-check enables a signal for the new
punching cycle during which that very information will
be punched. The input up-check path for detailed calls
which is interposed between contact 6 of relay AL and
contact 2 of relay CUL consists of a series chain through
contaci 3 of relay UCE, contact 3 of relay UC2, contact
Z of relay DA, contact 3 of relay UC3, contact 3 of
relay UC4, and coniact 3 of relay UCS all operated.
The input up-check for a summary consists of a series
chain through contact 3 of relay UCY, contact 3
of relay UC2 and contact 5 of relay SB all operated
interposed between the same points. For the case of card
servicing stoppage on the last call there is a by-pass
around the contacts of relays UC1—UC5 through make
contacts § of relay L1 and 8 of relay RUC. Relay CUL
is operated once per card cycle over a path frem ground
through terminal 14 of cclumn 1, cam operated contact
C9 in the IBM machine, Fig. 74, terminal 13, column 1
and the winding of rslay CUL, Fig. 73, to battery to open
its back contact and thereby guarantee the release of relay
OCL, the locking path of which extends through con-
tact 2 of relay CUL. The cperate clutch relay, OCL is
operated in parallel with the operate check punch relay
OCP, when a check has been made that a good card has
been punched. This feature is described in a previous
section on checking. Relay OCL has been locked to
IBM ground on the signal path through its own front
contact 2 and its top on secondary winding., This winding
is energized with IBM power supply. The signal path
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will remain closed, except for an alarm, until CUL
operates.

Relay OCL will not be operated to close the signal path
for the first punching operation after the converter has
been emptied of information. This condition might arise
due to stopping the converter or to the passage of splice
pattern through the reader of the converter. In this case
the punch start relay PST, Fig. 73, will operate and by
closing its contact 2 will short contact 1 of relay OCL.
Relay PST is operated directly from ground through con-
tact 2 of the machine start key Mach. Start or from
ground through contact 1 of relay SK operated and con-
tact 1 of relav RDC operated and through the winding of
relay PST to battery. Relay PST will lock to ground
through contact 1 of relay CUL normal and contact 8
of relay MON operated. Thus it will be held until the
punch has completed one card cycle.

Operation of summary punch.—General descriptioi of
summary punch.—The summary punch is an electrically
operated machine for punching business machine cards
from signals obtained over connections usually through
a cable from another machine. The summary punch is
equipped with a card handling unit known as a punching
unit.

Operating principles of summary punch.—The 1BM
Summary Punch Models 514 and 523 are well-known
commercial accounting machines and it is not considered
that a detailed description of their operation is necessary
to an understanding of how they cooperate with the
present tape to card converter circuit and it is considsred
that a general description of the functions of the machine
will be all that is required for an understanding of the
present invention.

Tn operation, .cards move through the punching unit
from the punch feed hopper where blank cards are stored
to the stacker where punched cards are deposited in three
card-feed cycles. Fach of these cycles except the last is
broken into fourteen equal intermittent motions. This
is necessary because the nature of the machine requires
that a card being punched must be stationary while each
row of holes, 12, 1%, and § to 9, inclusive, is being
punched. While only twelve punching positions are used,
two extra intermittent motions are required to clear the
edges of adjacent cards and the spacing between cards,
making fourteen in all.
14,12, 11,0, 1,2,3,4, 5,6, 7, 8,9 and 13. The driven
portion of the punching unit stands at rest in position
13.5, that is, between positions 13 and 14 in the cycle
when not in use, is picked up by the driving mechanism

in this position by means of a single position clutch of *

the pawl and one-tooth ratchet type and comes to rest
again in position 13.5 when the machine is stopped fer
any reason. Cards flow through the punching unit in

tandem: When the machine is started one complete |
card-free cycle is required to move the first card out of *

the card-feed hopper intc position where it is available
for punching, which position is called the die-card po-
sition. On the second card-feed cycle the first card
moves past the punching dies, the first card is not punched,
and into position where it is available for checking or
sensing if required by the punch brushes, which position
is called the punch card position, while a second card
moves out of the feed hopper into the die-card position.
On the third cycle the first card is “sensed” or checked
as it moves past the punch brushes. The second card
is punched as it moves past the punch dies into the
“punch card” positicn and a third card moves cut of the
feed hopper into the die-card position. This pattern of
card motion then continues as long as the machine con-
tinues in operation with cards flowing from the feed
hopper past the punching, checking and into the stacker
as just described, all cards except the first being punched
and checked. When the machine is stopped at the end
of the processing run, two punched cards, which have not
yet reached the stacker, will remain in the machine one
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in the “punch card” position, and one in the pre-stacker
position. To obtain these cards it is necessary to operate
the Start key of the punch twice or to hold the Start
key while the machine completes two card-feed cycles,
as subsequently described.

Preliminary operation of summary punch.—Before
starting the operation of the tape to card converter it is
necessary to prepare the summary punch for such oper-
ation. This is accomplished by inserting a punch plug-
board connector, having the proper cross connecting field,
Fig. 83, inserting blank cards into the punch unit card-
feed hopper and operating the Start key of the punch
which moves cards into a position for punching and read-
ing. These two card-feed cycles cause two blank cards
to move out of the punch unit feed hopper, the first
moving past the punching dies without being punched
into the punch card position. The second card moves

‘into the die-card position where it is available for punch-

ing when the tape to card converter is started. The in-
sertion of blank cards into the punch unit card-feed hop-
per operates a lever in the machine called the punch
magazine card lever. If the Start key of the machine
is operated momentarily it ordinarily advances all cards
one position.

If the Start key is held operated, the clutch remains
operated and cards continue feeding. When the Start
key is released the clutch releases in a manner to stop
the machine in its normal position 13.5. :

The second momentary operation of the Start key
causes another card-feed cycle., On this cycle the first
card moves past the punching dies without being punched
into the punch card position and a second card is picked
up and moves out of the card-feed hopper into the die-
card position, Mear the end of this card-feed cycle
the progress of the first card causes the closing of the
punch brush card lever. When the power is connected
to the machine, preliminary start relay 22 is operated over
a path from positive battery through terminals 2 and 9,
coluran %, Fig. 74, and through the winding of relay 22
to negative battery.-

Starting summary punch.—When the Motor Start key
of the converter is operated, the operation of motor start
relay MST operates relay NC in Fig. 1. The path may
be traced from ground through contact 7 of relay MST,
terminal 1% of column 3, Fig. 74, through contact 5 of
relay 2, contact 4 of relay 3, both of which are operated
following the operation of relay 22 in the machine,
through confact 32 of column I and the winding of
relay NC, Fig. 1, to battery. Relay NC operated par-
tially completes the input register up-check control cir-
cuit for the operation of the punch clutch as subsequently
described. When the Machine Start key of the converter
unit is operated, the cperation of relay RCD of Fig. 6
establishes a circuit from positive battery through ter-
minal 2, column 3, Fig. 74, through contact 6 of relay
RCD, contact 4, ccluma i and the winding of start con-
trol relay 23 of the punch, operating the relay.

Card processing.—As previously described the tape to
card operation is started by inserting the tape to be
processed into the reader and operating the Machine
Start key of the converter. When the input register of
the converter unit is filled as a result of this operation
2 fundamental up-check circuit is closed between ter-
minals 8 and 6, column 3, Fig. 74, operating a clutch
In case the tape being proc-
essed contains detailed message entry patterns, this funda-
mental circuit for the operation of punch ciuich is as
follows: Siarting from negative battery in the punch ma-
chine through the top or so-called pick winding of clutch
contro! relay 19, Fig. 74, terminal § of column 1, con-
tact 1 of relay PT normal, contact 1 of operated relay
NC, Fig. 1, contaci 2 of operated relay PST, contact 2
of normal relay CUL, contact 3 of ezch of operated re-
lays UCE, UC4 and UC3, contact 2 of operated relay
DA, contact 3 of each of operated relays UC2 and UCH,
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contact 6 of normal relay AL to terminal 6, column 1
and into the punching machine where it goes through a
series of control contacts and finally to positive battery.
In case the tape being processed contains message unit
summary entries the UCS, UC4, UC3 and DC relays
mentioned in this up-check chain are replaced by the
single operated relay SB, the path passing through its
contact 15. This circuit being closed initiates the opera-
tion of the punch drive motor and subsequently the
clutch.

In the meantime while the driven porticn of the punch
unit is being picked up and moved toward the first punch-
ing position 12, a separats input register up-check circuit
is effective in causing the filling of the ouiput register.
When this process has been completed the associated out-
put register up-check relay RUC is operated, causing the
operation of a pattern of punch relays P— in the con-
verter as determined by the requirements of the output
register setting, one punch relay being operaied for each
column of the IBM card requiring a “12” hole to be
punched, that is, a hole in horizontal row 12 of the card.
The operation of the cutput register up-check relay RUC
also operates a relay to control the start of the card
checking operation described in a later paragraph and
starts the operation of the control circuits which func-
tion to dismiss the input register and transltator relay
registrations of the first call and to register instead the
details of the second call. Each punch relay operated
connects a particular terminal of column 4 or column 3,
Fig. 83, through an individual connected terminal, known
as a counter-total-exit hub, through the operated punch
relay P- contact and terminal 16 of column 1 to the
summary puach circuit breaker contacts C11, Ci2, Ci3
and each counter-total-exit hub used is cross connected
to another particular terminal known in the art as a
punch-direct hub and from the latter through the wind-
ing of a particular punch magnet individual thereto, ac-
cording to the desired card colomn arrangement. When
the punch unit rotating mechanism reaches position 12
of the index gear the circuit breaker closes, connect-
ing positive potential to all punch magnets required to
be operated for the particular “12” row of holes, the mag-
nets operated being determined by the setting of the
punch relays and the plugboard hub connections as just
described. Those punch magnets operated cause punch
rods to be associated with the tongue of the common
punch bail which is driven downward shorily after the
operation of the punch magnets. Each punch rod so
associated punches a hole in its particular column on
herizontal row 12 of the card which is momentarily sta-
tionary in the horizontal row 12 position. At position 12
relay PR, Fig. 73, in the converter is also operated by
the closure of the circuit breaker since its right-hand ter-
minal is permanently connected to negative battery
through contact 1% of column i and its left-hand termi-
nal is connected through contact 16 to the circuit breaker
contacts which are closed in position 12. The opera-
tion of this relay causes the punch seguence control cir-
cuit to function when the circuit breaker opens, since
a circuit is closed threugh position 12 of the emitter,
releasing the punch relays required to be operated for
the “12” row of holes and operating those required to
be operated for the “11” row. 7This emitter lead control
of the punch cperation is described in detail in the para-
graphs hereunder covering Punch Ssquence Control,
Punch Check-Down and Punch Relay Operation. When
punch position 11 is reached the circuit breaker again
closes, operating those punch magnets required for punch-
ing the “11” row of holes, the punch magnets operated
being again determined by the setting of the punch relays
and the plugboard connections and the card being sta-
tionary at this time in the “11” row punching position.

In a similar manner the “0” to “9” rows of holes are
also punched. During the punching of the final or “9”
row of holes the functioning of the output register punch
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check relays causes the operation of relays: OCL and
OCP and the punching of a “9” hole in a particular col-
umn as a card check punch. provided the punch check
relays have successfully checked down the output regis-
ter as described in the paragraphs on Punch Seguence
Control, Punch Check-Down and Punch Relay Opera-
tion. This check-down operation if successful also re-
leases the output register and also closes through the
loop circuit to the punch clutch provided the details of
the next call have been registered in the input registers
and the cerresponding up-check circuit completed. This
fundamental input register up-check circuit for the punch
clutch is the same as previously described except that the
PST relay is not operated at this time and the part of
the chain through contact 2 of relay PST is completed
instead through contacts 1 of the operated relay OCL.
During the progress of the punching cycle the punch
cluteh control relay is operated so that the puich clutch
magnet is reoperated thus preventing the disassociation
of the driving portion of the machine from the driven
portion of the punch unit and causing the machine to
start another perforation cycle. The dismissing of the
output register, in conjunction with a separate input reg-
ister up-check previously mentioned causcs the ouiput
register to be refilled, this time with the dats of the sec-
ond call.  When this process is completed, the associated
circuits cause the operation of ail punch relays asso-
ciated with the “12"” row of heles as determined by the
setting of the output register relays and the perforation
cycle for the card for the second call entry, the third
card now having moved into the die-card position, that
is, the position for punching and the szcond card into
the punch card position, that is, the position for check-
ing. When position 14.3 is reached the closing of the
CUL, over a circuit from neg-
Ltive batfery through the winding of relay CUL, Fig. 73.
through contact 13 of column 1, cam contact 69, contact
14 of column i to ground. Relay CUL operated opens
the fundamental start control circuit releasing relay OCL
for reasons ouilined in the paragraph or Punch Se-
gquence Control, Punch Check-Down and Punch Relay
Operation.

Card punch check—As mentioned in the paragraph
on the operating principles of the summary punch, cards
are checked as they pass under the punch brushes dur-
ing the third cycle of each card’s exciusicn through the
punch unit of the machine. Ry means of the double
punch and blank column detection avparatus, column
splits and the proper plugboard wiring, columns of the
card may be checked for the correct number of punches.
When incorrect punching is detected, the progress of the
summary puncl is siopped at the end of the card cycle, an
alarm lamp is lighted in the summary sunch and ihe
punch trouble lamp is lit in the converter.

Stopping summary punch.—Muachine release key op-
erated —Once started the tape reading and card punching
process proceeds to the end of the AMA tape as just de-
scribed as long as blank cards are in the punch unit feed
hopper and the punch unit stacker is not flled. The mu-
chine release key Mach. RLS, Fig. 4, is operated if it 1y
desired to stop the machine for any reason. The opera-
tion of this key prevents the refilling of the input regis-
ters of the converter after the tape information current-
ly registered or being registered has produced an up-check.,
"The machine continues in operation until the information
currently registered or being registered in the input has
been transferred to the cutput registers and punched inte
an IBM card as previously described and the input regis-
ter is released. The machine operations are then brought
to a halt because of the lack of the input register up-check
operating circnit for the summary punch clutch., This
also results in stopping the drive motor. To restart after
such a stop it is only necessary to operate the Motor
Start and Mach. Start keys. This operation will start
the reading and registering of the data of the next call
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in the input register and start the operation of the punch
as described hereinbefore.

Stop for card servicing—In case the blank card supply
is exhausted the machine will be automatically stopped
as follows: The last card in moving from the punch unit
causes the release of the punch magazine card lever which
in turn releases a relay in the punch. The release of this
relay releases relay RC, Fig. 1, a portion of the operate
path of which extends through the punch between fter-
minals 11 and 12 of column 1, Fig. 74. The release of
relay NC establishes a path from ground thrcugh contact
¢ of relay TCM Fig. 5 and contact 2 of relay NC and
through the filament of the No Cards lamp to light the
lamp. The release of relay NC interrupts the fundamental
input register up-check circuit which was traced through
its contact % thus causing the punch clutch to be released
by the opening of a cam contact when position 9.5 of
the current punch cycle is reached. Releasing the clutch
stops all punching and tape reading operations. The re-
lease of relay NC also prevents bringing an alarm at this
time as described in paragraph on Puach Stoppages. The
machine is restarted by filling the punch unit feed hopper,
removing the punched cards from the stacker and operat-
ing the Motor Start and Mach. Start keys as elsewhere
described. _

In case the stacker becomes filled before the blank card
supply is exhausted the opening of the stacker contact
interrupts the fundamental input register up-check cir-
cuit, causing the release of the clutch which functions to
stop the machine as previously described. In this case
however, due fo the fact that relay NC does not release,
a general alarm will be given. It will then be necessary
to coperate the Mach. RLS key Fig. 4 of the converter
in addition to removing the cards from the stacker in
order to restart. It is advisable to card service before
the card stacker contact operates to avoid having to log
call data and release the input and output registers before
restarting.

Stop because of card feed failure—In case the cards
should fail to feed properly at any time the machine will
also be stopped and an alarm sounded by the opening of
the die-card lever or punch brush card lever cecntacts.
The opening of the die-card lever contacts releases relays
in the punch which release relay NC of the converter
which in turn lights the No Cards lamp and opens the
fundamental input register up-check circuit for the opera-
tion of the clutch, causing the machine to stop at the
end of the current punching cycle as previously de-

scribed. Opening of the punch brush card lever contact |

effects the opening of the circuit breaker lead to the punch
relay contacts and the PR relay of the converter unit,
thus preventing further punching and check-down of the
output register on the punching cycle in progress at this
time. Due to the non-operation of the punch sequence
control relay PR the output register punch check-down
operation as described in detail hereinafter, for the punch-
ing cycle in progress will not be completed. The non-
completion of the check-down operation -prevents the
closing of the input register up-check circuit to operate the
clutch, thus causing the machine to stop and an alarm to
be sounded as previously described. After restoring the
alarm by the operation of the Mach. RLS key and clear-
ing the trouble in the punch it will be necessary to insure
that blank cards are in the die-card and punch-card posi-
tions by use of the Start key of the punch. Starting is
then accomplished by operation of the Motor Start and
Mach. Start keys of the converter the machine function-
ing as previously described.

Normal stop at end of processing—When the last en-
try on the AMA tape has been read, registered and trans-
ferred to the cutput register, the summary punch wiil
complete the punching of the details of this last call en-
try but will then stop due to the lack of the input register
up-check which. permits the cluich to release. When the
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machine stops, the driven portion of the punch unit stops
in position .13.5 whereas the driving portion coasts to a
stop somewhere between positions 6 and 9.

Since the machine halts immediately after the perfora-
tion of the last card, two cards, including the last card
perforated and the last card checked will still be in
the punch unit mechanism. The last card perforated will
be resting in the punch card or card sensing position and
the last card checked will be in the pre-stacker position.
To obtain these two cards it is necessary for the operator
to operate the Start key of the summary punch so as to
operate the machine through two complete card-feed
cycles before operating the End of Tape key of the con-
verter. During the first of these two extra card-feed
cycles the Jast card to be punched will be checked as pre-
vicusly ‘described. During the second of these extra
card-feed cycles blank cards will be fed past the punch
brushes as previcusly described for preliminary operation
on starting as described hereinbefore. However, due
to the fact that the output register up-check relay RUC
of the converter is not operated, a punch circuit is actuated
preventing a false indication of blank column error while
the blank cards are passing under the punch brushes. It
will be noted that after the operation of the Tape End
key the summary vunch is in condition to process the
next tape without the necessity for further preliminary op-
erations as described in a previous paragraph, since blank
cards are now already in the die-card and punch-card
positions.

Stop becaizse of card check foilure—When the sum-
mary punch card check as described in paragraph on
Card Punch Check fails, it impresses a potential be-
tween terminals & and 19 of column 2, Fig. 74, operating
relay PT of the converter. Relay PT operated closes
a circuit from ground through contact 6 of relay TCM,
contact 3 of relay PT and the filament of the punch
trouble lamp Punch TBL, Fig. 1, to light the lamp and
at contact 1 of relay PT opens the input register start
pulse circuit described in the paragraph on Card Process-
ing, causing the machine fo stcp after the card cycle
in progress at the time. When the machine stops the
card which caused the card check fajlure will be resting
in the pre-stacker position while a card which has just
been punched but not checked will be resting in the
punch card position. To cbtain the defective card for
examination it is necessary to operate the Reset and Start
keys of the punch. The operation of the Start key of
the summary punch causes the circuit to function as de-
scrived in a previous paragraph, causing the card on
which the error was made to be fed through the pre-
stacker position while the last card punched is checked
as it is fed past the punch brushes and the blank card
which was in the die-card position is fed past the punch
dies without punching and into the punch-card position.
if this last card punched passes the card check satis-
factorily the machine may be restarted by operating the
Motor Start and Mach. Start keys, Fig. 4, of the con-
verter unif. . If the Jast card checked proves to have been
defective the card check features will fonction as de-
scribed abeve. This second defective card is cleared into
the stacker by operating the Reset and Start keys of
the IBM machine. The circuit functions once more as
just described except that the check for double punch
Upon clearing

Motor Start and Mach. Start keys of the converter. When
restarting, the machine functions as described to omit the
double punch and blank column check for the blank
card which is now in the punch brush position.

Punch sequency conirol, punch check-down end punch
relny operation—As covered in the paragraphs on the
Output Register, the complete information to be punched
into each IBM card is set up in the output register re-
lays either in two-cut-of-five or decimal form before the
punching is started. In converting this information into

»,
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I8M punched hole form in which each column repre-
sents a numerical digit, or a numerical digit with over-
punch, it is necessary to punch the information one hori-
zontel row at a time as coversd by the paragraph on the
Operating Principles of the Summary Punch. The punch
sequence control, Figs. 73 and 82, the punch centrol,
Figs. 75 to 81, and the punch check control, that is the
GCL, OCP, PST and CUL relays at the left in Fig. 73,
provide a means for directing circuit breaker pulses from
the punch so as to operate the correct punch magnets in
the punch machine for the punching of each row of holes
as determined by the setting of the output register relays.
This selecting and steering operation must be completed
each row before the circuit breaker of the punch
closes tc punch that row of holes. A further function
of these circuit figures is to provide an cutput register
check-down for all twelve rows punched and cause a
check purnch in the “9” or last row in a particular column,
provided this check s satisfactorily completed. The cir-
cuit arrangement also insures that the punching opera-
tion is at all times in synchronism with the position of
the emitter of summary punch. These operations will
now be more fully described.

Preparation for punching—When the output register
is completely filled at the start of each punch cycle the
operation of the up-check relay RUC, Fig. 24, connects
ground from contact 7 of relay RDC through contact 6
of relay RUC into the punch ssquence control circuit, All
relays of this circuit except relay ONB being normal at
this time, this ground is directed through the back con-
tact X of relay &F, back contact 5 of relay AL and back
contact 1 of cach of relays 8E, 7E, 6E, 5E, 4B, 3E,
2F, IE, ¢, IiE and 12E and over the “El12” lead
to the contacts of the output register relays, where it is
multipled to make contacts of all register relays which
may be required to operate ic register a “12” or “Y”
punch. Each “12” punch register relay so operated con-
nects this ground supplied over the “E12” lead through
the secondary winding of a CP-— relay and CR— resistor
in parallei to battery through an associated R— resistor
and P— relay. Both the P- relays and their associated
CP- relays operate. The circuit breaker Cii, 12, 13,
Fig. 74, of the punch is connected through terminal 16
and multipled to the armatures of all P— relays. Each
P— relay operated, therefore, connects the circuit breaker
to a particular Counter Total Exit Hub of the punch,
each of these hubs being connected by means of plug-
board straps to a Punch Direct Hub, Fig. 83, connecting
to the correct punch magnet for the column desired. In
register columns containing only numerical digits thers
will be one P- relay and one CP- relay per column.
For columns containing overpunch information there
will be one P- and CP- relay pair for the over-punch
section of the column and another similar pair for the
numerical section, the contacts of both P— relays being
connected by means of the control panel of the punch
to a common punch magnet. Each CP- relay operated
provides one opening in a dewn-check circuit which con-
nects in series through the back or left-hand contacts
of ali CP- relays. Each CP- relay operated also closes
one contact, its front or right-hand contact, of an up-
checlk chain. The function of these two check chains
will be explained later. The connection of grouand to
the “B12” lead also operates the 12F relay, Fig. 73,
which in turn operates the ET12 relay. When the emitter
of the punch reaches position 14.3 cam contact C9 closes
supplying ground to operate relay CUL Fig. 73. Relav
CUL’ operated opens the locking circuit of relay OCL
which was operated on the previous card punch cycle
as described previousty.

Punching sequence—~Approximately 4 milliseconds
after the emitter of the punch reaches the “12” contact
point as described in the section on Card Processing, cir-
cuit breaker C11, 12, 13, Fig. 74, of the punch closes,
operating all of the punch maguets which are connected
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to the contacts of operated P relays and also operating
relay PR, Fig. 73. Relay PR operated connects the
ground from the “E12” lead to the ERI2 resistor to
discharge the 12C condenser through the winding of relay
12E over the following circuit. From the greunded “E12”
iead through terminal 13, column 1 to terminal 12 and
the rotatable arm of the emitter of the summary punch,
through terminal 15 of column # and back contacts 2 of
all ET- relays except ET1Z, through make contact 2
of relay ETi2 through make contact 2 of operated relay
PR thence through make contact 4 of the operated relay
BET12 to the top terminal of resistor EC12 the bottom
terminals of which are connected to negative battery. It
will be observed that the chain circuit, which extends
through the top contacts of the ET- relays and is extended
through the bottom contacts of ET- relays when relay
PR is operated, is arranged so that it will be continu-
cus when cone only of the ET- relays is operated and
that the particular operated relay terminates the chain
through its lower contact in a resistor corresponding
to resistor I2P. Since the left-hand or positive side
of the 12E relay winding is connected to a source of
potential which may be, for instance, approximately 26
volts obtained from the junction of the potential dropping
resistors B and G, and its right-hand or negative side
is connected through the 12C condenser and the ECi2
resistor to @ source of potential which may be, for in-
stance, 52-volt battery, the grounding of the top terminal
of the ECI12 resistor will change the potential on con-
denser 12P by approximately 32 velts, thus causing a
current surge through the winding of relay i2E. This
surge, however, is in such a direction as to keep the
armature of relay I2E in the non-operated condition,
in engagement with its left-hand contact as shown in
Fig. 73. Relay PR operated, through its contact 1, also
operates relay RT. The operaticn of relay RT provides
one closure to the alarm timing circuit to keep the short
alarm from operating as long as the machine is run-
ning, as described in the section on Alarms hereinbefore.

The circuit breaker of the summary punch remains
closed for appreximately 13 milliseconds to insure the
cperation of all connected punch magnets and then opens,
releasing all operated punch magnets and also releasing
relay PR. Relay PR released releases relay RT to ter-
minate the puise to the alarm timing circuit and discon-
nects ground from the BECIZ2 resistor. The disconnection
of ground from resistor ECH2 permiis condenser 12C
to be recharged to its original voliage relationship. This
change of voltage on condenser 12C causes a surge
current through the winding of relay i2E, the surge this
time being in the direction to operate relay 12E. '[he
design of relays i2E, I1E, and 9E to 28 inclusive is
such that once operated by a current surge in the operate
direction they will remain operated until they receive
a current fiow in the opposite directicn. Relay 1ZE cp-
erated disconnects ground from the “Ei12” lead to ths
cutput registers and connects ground iastead to the “E117
lead. The disconnection of ground from the “E12” lead
releases relay 1ZF which in tuin releasss relay ET22 and
also releases all of the punch relays which had been op-
erated for the punching of the “12” row of holes. Tha
CP- relays which had been operated in preparation for
the punching of the “12” row of holes do not release.
The design of the CP- relays is such that once operaied
they will remain operated uvatil they receive a current
flow in the restore directicn. The connection of ground
to the “E1l” lead operates relay 13T which in turm
operates relay ETI1 and also operates all P— and CP-
relays associated with the punching of the “117 row of
holes as determined by the seitings of the ouiput ragister
relays. The operated P- relays prepare the circuit paths
for operating the punch magnets of the summary punch
when the circuit breaker closes as praviously described.
Shertly after the emitter of the summary punch reaches
position 11 the circuit breaker closes to operate the punch
magnets of the summary punch and to operate relay PR,
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Relay PR operated again operates relay RT to pulse
the alarm timing circuit. On this cycle, however, due
to the fact that relay ET11 is operated in place of reiay
ET12, the BC11 resistor is grounded in place of the
EC12 resistor and, when the circuit breaker opens and
relay PR releases, relay 11E cperates in the same manner
as previously described for relay 12E. Relay 1IE op-
erated disconnects ground from the “E11” lead to the
output registers and connects ground instead to the “E0”
lead.

The disconnection of ground from the “El1” lead
releases relay 11F which in turn releases relay ETi1
and also releases all the punch relays which had been
operated for the punching of the “11” row of holes. As
before the CP relays, which had been operated in prepara-
tion for the punch of the “11” row of holes, remain
operated. The connection of ground to the “E0” lead
operates relay OF which in turn operates relay ETO
and also cperates all P— and CP- relays to be associates
with the punching of the “0” row of holes as determined
by the settings of the output register relays.

Register check-down and check punch—The punching
operation continuss in this manner for the punch prepara-
tion and punching of the “0,” “1,” “2,” “3,” “4,” “5,”
“6,” “7,” and “8” rows, the corresponding E@ to ES
inclusive relays operating in sequence as determined by
the operated relays ET® to ETS and CP- relays cor-
responding to the output register registrations for each
row of the card & to § being operated. The cperation
of relay E8, when the circuit breaker opens releasing
relay PR after the punching of the “8” row of holes, will
disconnect ground from the *E8” lead and connect ground
instead to the “E9” lead as previously described, releasing
relays 8F and ETS and the punch relays which had
been associated with the punching of the “8” row of
holes and operating relays 8F and ET9 and P- and CP-
relays associated with the “9” row punching as deter-
mined by the setting of the output register relays.

At this time there should be a CP~ relay operated for
each numerical digit or overpunch which had been regis-
tered in the output register. For each digit or overpunch
section of the register in which data is not required i0
be registered, the make coatacts of the asscciated CP-—
relays are shunted by by-pass circuits through the con-
tacts of operated SC, NPY, 3D or NMU relays. There-
fore, when the punch preparation sequence and check
relay operations just described have been completed an
additional circuit is completed from the “E9” lead,
through the right-hand contacts of all operated CP- re-
lays, CP1 to CP33, inclusive, to operate relays P49 and
CP49. Relay CP4% operated, operates relays OCP and
OCL through their primary windings in parallei. The P49
relay has its make contaci cennected through the plug-
board of the summary punch to a punch magnet con-
trolling the punching of a particnlar column of the card.
A “9” punch in this particular column is construed by
other business machines in later stages of card processing
as an indication of satisfactory punching in the tape to
card stage.

Punch cycle completion—When the circuit breaker of
the summary punch cioses to punch the “9” holes of the
card as determined by the pattern of the P- relays and
the particular “9” hole “check punch” previously men-
tioned, relay PR operates as before, this time being di-
rected by the operated relay ET? to ground the EC%
resistor and discharge condenser 2C. The release of relay
PR upon the opening of the circuit breaker this time
operates relay 2. Relay $E operated disconnects ground
from the “E9” lead, releasing relays 2F and ET9 and the
P- relays which had been operated in preparation for the
punching of the “$” row cf hoies and also releasing relays
P4§ and CP48. Relays OCP and OCL do not release
at this time both relays being locked through their sec-
ondary windings. Telay OCP is locked temporarily over
a path from negative battery through its top winding and
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contact 2, contact 2 of the operated relay 2E, contact 9
of the operated relay RUC and contact 7 of the normal
relay RDC to ground. Assuming that the details of the
next call have now been registered in the input register,
the operation of relay OCL closes the fundamental input
register up-check circuit for the holding of the clutch of
the summary punch as described in the paragraph on
card processing by the summary punch, thus giving the
punch the start signal for the next punching cycle. Relay
OCL is locked in a circuit starting with negative potential
in the punching machine through contact 18 of column 1,
top winding and make contact 2 of relay OCL, break con-
tact 2 of normal relay CUL, thence through the input
register up-check path through the UC- relays, break
contact 6 of relay AL relay normal and through terminal
§ of column 1 into the punching machine to positive
potential. Relay OCP operated operates relay LRA Fig.
24, and relay 9EH, Fig. 73, in parallel as heretofore
described. Relay LRA operated releases al] operated out-
put register rclays.

Relay 95 H operated operates relay XD1, Fig. 75, over
a path from battery through the front contacts of relays
ONB and 9EH and the winding of relay XD2 to ground
and opens the 32-volt battery leg of the potential dropping
combination of resistances B and G, thus increasing the
charges on condensers 12C, 31C and 8C to 3C inclusive.
The charging currents to compensate for this change of
potential on the 12C, 11C and 0C to 8C condensers flow
in all cases through the windings of relays 12E, 11E and
O to 3E, respectively. These charging currents, however,
are in such direction as to cause relays 12E, 11E and ¢E
to 9E relays to remain operated. The release of the out-
put register relays releases relay RUC. Relay RUC re-

leased disconnects ground from relay 9E armature thus

releasing relays LRA and $EH. Relay LRA released,
re-establishes holding circuits for the output register relays
in preparation for receiving the details of the next call.
Relay 9EH released reconnects the battery leg of the
potential dropping B and G resistances thus reducing the
voltage on condensers 12C, 11C and 2C to 9C inclusive,
to the original approximate 26 volts. The surge currents
caused by this voltage change on condensers 12C, 1iC
and 0C to 9C pass through the windings of relays 12E,
1iE and OE to 9E, respectively. These surge currents
are in such direction that all of these relays restore. The
KD1 relay operated connects ground through its contact
i and the bottom or primary windings of relays CP1 to
CP15, inclusive, in series, to battery, connects ground
through its contact 2 and the bottom or primary windings
of relays CP16 to CP3%, inclusive, in series, to battery and
connects ground through its contact 3 and the primary
windings of relays CP31, CP32 and CP33 in series to
battery. The CP- relays restore on this current flow in
preparation for the mext card punching cycle. When ali
output register relays and all CP— relays are normal, a
down-check circuit through all CP- and output register
relays is established to operate relay RDC.

The operation of this relay causes the output register
to be refilied from the information registered by the input
register and translator relays. This process opens the
output register down-check circuit releasing relay RDC
and, when completed, operates relay RUC., The release
of relay RDC and the operation of relay RUC connects
greund to the “E12” lead. Ground on the “E12” lead
functions as described in the paragraph on Preparation
for Punching to operate the CP~ and P-relays in prepara-~
tion for the punching of the “12” holes and to operate
relays 12F and ET12. When the emitter of the summary
punch reaches position 14.3 a cam contact of the puach
closes operating relay CUL. Relay CUL operated, opens
the locking circuit of relay OCL. When the punch emit-
ter reachss position 12 the circuits proceed with the
punching of the next card in the manner already de-
scribed. In position 0.3 of the punch emitter the cam
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contacts reopen releasing relay CUL. The release of
relay CUL prepares the holding circuit previously de-
scribed for OCL relay OCL in preparation for the comple-
tion of the next register check-down operation.

What is claimed is:

1. In a recording system, the combination of an input
register having a whole number n separate sections, each
of said sections having a plurality of groups of elements,
each of said groups of elements selectively operable, ac-
cording to a code, to register an encoded item of informa-
tion, said sections successively cperable to register n coded
lines of information comprising a first single complete
transaction, » other elements connected individually to
each of said sections, each of said other elements actuable
to a first of two conditions in response to the registration
of a line in its respective section, and an operable circuit,
said circuit having a path extensible through said 7 other
elements, when all of said n other elements are actuated
to said first condition, to control a succeeding function in
said system.

2. A system in accordance with claim 1 having another
operable circuit, said circuit having a path extensible
through n—a of said other elements, ¢ being a whole
number less than n, when said n—a elements are actuated

to said first condition in response to the registration of a :

second complete transaction having a fewer lines of in-
formation, to control a succeeding function in said system.

3. In a registering system, a plurality of registers divisi-
ble into a first and a second group, a plurality of switches
in each of said registers, means for selectively operating
the switches of said first group in accordance with a pre-
determined pattern, a first circuit path extensible through
all of said switches of all of said registers of said first
group responsive to their operation according to said pat-
tern, means for preventing the operation of any of said
switches of any of the registers of said second group when
sald switches of said first group are operated, a second
circuit path extensible through all of said switches of said
registers of said second group when none of the switches
of said registers of said second group is operated, and
means for interconnecting said paths to test the plausi-
bility of the operation of said register.
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4. In a system of registers, an input register comprising
a first and a second group of line registers, means for
operating each of said registers of said first and said sec-
ond groups to a first condition at a first time, means for
operating each of said first group of registers to a first
condition and maintaining each of said second group of
registers in a normal unoperated condition at a second
time, a first and a second group of switches, one of said
switches of said first and said second group of swiiches
individual to one of said line registers in said first and
said second group of registers, respectively, for checking
the condition of said line registers, means responsive to
the actuation of each of said registers of said first and
said second groups to said first condition for operating its
respective switch to a first condition at said first time, a
first checking circuit responsive to said operation of each
of said switches to said first condition at said first time,
means responsive to the operation of each of said registers
of said first group to said first condition and the non-
operation of any of said second group of registers for
operating each of said first group of switches to said first
condition and maintaining each of said second group of
switches in its normal unoperated condition and a second
checking circuit responsive to said operation of said first
group of switches and the non-operation of said second
group of switches at said second time.
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