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• Figure 20. Multiple Spread-Card Data Flow 

Detail 
Data 

If the number of stored words from the data sheet 
cannot be divided so that the card fields are even in 
column number, the width of the card fields should be 
increased by one column. For example; if 62 words or 
segments are to be punched into four cards, each of the 
first three cards would have 16 columns punched. This 
would leave 14 columns in the fourth card. In punching 
the fourth card, the machine would detect an empty 
storage condition after the fourteenth column and auto
matically signal the 534 �~�o� skip the card out, leaving 
the last two columns in this field blank. (Not more than 
three columns should have to be skipped if the field 
length is set up properly.) 

When the number of cards to be punched for a given 
data sheet is calculated, the total effect of the number of 
columns of master-mark data, identification data, card
number data and detail data must be considered. Master 
data, identification data and card number go into each 
card; detail data is split into as many cards as necessary. 
To determine the number of cards needed for an appli
cation, let "K" represent the total number of columns 
(x:naster, identification, duplicated, skipped, and card 

Page or 
10 Data 

Detail 

Data 

number columm). Then, 80 minus K equals the number 
of columns available in each card for detail data punch
ing. The number of detail data columns needed, divided 
by the quantity of 80 minus K, will equal the number 
of cards needed for the application. When this formula 
is used, any fraction of a card must be considered as a 
whole card. 

Assume that in a typical application there are ten 
columns of master data, ten columns of identification 
data, and six columns of duplicated data. Then, K 
equals 10 plus 10 plus 6 plus 1 (card number), and 80 
minus K equals 53. If there were 130 segments on the 
data sheet to be punched, then 130 divided by 53 equals 
the number of cards to be punched. Because this division 
equals 2.45, three must be used as the number of cards 
to be punched. Three will not divide equally into 130 
(43.3) so the detail field must be set at 44 columns. 
Skipping of the two blank columns on the last card will 
be automatic (three times 44 equals 132). The number 
of columns punched into each card is determined by 
the number of 9's punched in the 534 program card. 
Each 9 in the program card calls for a column of detail 
data to be punched. 
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Figure 21. Unit Record Card Data Flow 

Unit Record Card Feature 

This feature, available only on the 1232, enables the 
1232/534 to punch a separate card for each group of 
data on a data sheet. A group of data consists of all the 
words programmed to read between any two pro-

I grammed end-of-group marks. Cards will be produced 
for all groups of data in which at least one word of detail 
data has been marked. No cards are punched for any 
group of data which has not been marked. Also, if the 
data sheet is selected by 1232 circuitry because of some 
reading or marking error, no card is produced for that 
data sheet. Each card produced can contain: 
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1. Master-mark information (if the Master Mark 
feature is installed and being used). 

2. Identification data (page number, order number, 
salesman number, etc.). 

3. Group number (identifies a particular item or 
group of information). 

4. Marked detail data (quantity). 
Words in a group of data can be of any number and 

in any format as long as an equal number of words is 
programmed to read. This satisfies 534 programming. 

The 1232 can count the number of end-of-group 
marks (up to 99), and this number can be punched into 
a card by the 534. Group-count punching requires two 

card columns. The oounter is restored to a count of 
"one" when a new data sheet is fed. Group count must 
be programmed to punch either before or after master
identification data fields. The master-identification data 
fields can be split by detail data, duplicated data, or by 
skips (but not by group count) as long as the last data 
programmed to punch from the 1232 is detail data. 



The functional logic of the Unit Record Card feature 
is shown in Figure 21. Master-mark data and identifi
cation data, if used, is punched into every card. When 
the Master Mark feature is used, master-mark data 
changes only when a new master-mark data sheet is 
read. Identification data changes with each new data 

sheet read. Master-mark data and identification data 
are both called for by the same punch in the 534 pro
gram card (a 2-punch). When the Master Mark feature 
is being used, master-mark data always precedes identi
fication data in the punch-out sequence. 

I 
A sample application of the Unit Record Card special 

feature is shown in Figures 22 and 23. The data on the 
left half of the data sheet in Figure 22 is coded as identi
fication data. This data is common to all detail data 

(in this case, the distributions) and is punched into the 
first part of the cards shown in Figure 23. The data on 
the right half of the data sheet is treated as detail data. 
In this example, all distributions were marked. If, how
ever, one of the distribution fields was not marked, no 
card would have been punched for that distribution. 

NOTE: On the program control sheet, the last word 
in each of the distribution fields would contain an end
of-group code for defining the end of the fields. 

The 534 program card, used to control the punching 
of the cards shown in Figure 23, would be punched 
with 3's in columns one and two (to punch group or 
card number), with 2's in columns 3 through 24 (to 
punch the repetitive identification information), and 
with 9's in columns 25 through 37 (to punch the detail 
data). 
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MAINTENANCE CHARGE DISTRIBUTION 

MARK COMPLETELY ALL DA TA ON THIS SIDE MARK COMPLETELY ALL DISTRIBUTIONS WHICH APPLY 

~"F'TI"""-;'~ 
I un I -----

o 

~T"EbI""IOTlo;'TIn 
DEPT 

NO. 

DOLLAR 

DATE 

AMT. 
MONTH 

DAY CENTS 

I ITIIll77r7"rbbM'~E'IT0:1 I 
III)/J//J/)))I/J//ii//i/J//J/m ORIGINA TlNG DEPT NO. Vllml,'lll IIII 11/;/1 m!!llll/1 

I I ::: .', I I ~ "~~, I I 

APPR VED BY MAN NC . 

-
MAKE ALL MARKS WITH A BLACK NO.2 LEAD PENCIl. 
ERASE COMPLETELY ANY MARKS CHANGED. 

APPROVAL SIGNATURE ___________________ _ 

• Figure 22. Sample Data Sheet for Unit Record Application 
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CHARGE DATE ORIGINATING APPROVAL DISTRIBUTION 
TICKET DEPARTMENT MAN 

N NUMBER MO DA N~BER N~BER DEPARTMENT AMOUNT 
o N~W 

011000 00 1000000000000 00000 1100000000000000000000000000000000000000000000000 
12J41.7 •• '"UQ""dnd".~DDM8.n ••• ~DDM .n ••• ~UQ~U.~ ••• ~U~MB.~ ••• ~uaM •• ~ •• M"nnU~nnnn. 

111111111111111111 1111111111111111111111111111111111111111111111111111111111111 

222221222 2222122221221222222222222222222222222222222222222222222222222222222222 

333333 3 33331333333133 3333333333333333333333333333333333333333333333333333 3 3 3 3 

44444444444414444444444444444444444444444444444444444444444444444444444444444444 

5555555555555555555555555555555555155555555555555555 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

66666666666666666666666666616666616666666666666666666666666666666666666666666666 

77 7 77 77 7 77 77 77 77 7 77 7 77 77 7 7717 7 77 7 7717 7 77 77 7 7 7 77 7 7 77 7 77 7 7 7 77 7 77 7 77 7 7 77 7 7 7 7 77 7 77 7 

11111111111111111181881188811111111 88888888881888888888888888888888888188811188 

99999999999999991999999991199999999999999999999999999999999999999999999999999999 
12J41'7 •• q"UQU"dnd".~DDM8.n ••• ~DDM •• n ••• ~UQ~U.~ ••• ~U~MB.~ ••• ~uaM •• ~ •• M"nnU~nnnn. 

CHARGE DATE ORIGINATING APPROVAL DISTRIBUTION 
TICKET DEPARTMENT MAN 

N NUMBER MO DA NUMBER N~BER DEPARTMENT AMOUNT 
o NUMW 

011000 00 100000000000010110011000000000000000000000000000000000000000000000000 
12J41'7"""UQU"dn"".~DDM8.n ••• ~DDM •• n ••• ~UQ~U.~ ••• ~U~MB.~.H.~uaM •• ~ •• M"nnU~nnnn. 

111111111111111111 111111111111111 111111111111111111111111111111111111111111111 

2 2221222 22221222212212222222222121 2222222222222222222222222222222222222222222 

33333313 33331333333133 33333333333333333333333333333333333333333333333333333333 

444444444.4414444444444444441444144444444444444444444444444444444444444444444444 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

66666666666666666666666666666666666666666666666666666666666666666666666666666666 

777 77 7 77 77 77 77 7 77 77 77 77 77 77 717 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 777777777777777777 7 7 7 7 7 7 7 7 7 7 7 7 7 77 7 

11111811181181811111111888888188188881888888888888888188888188888811118181118111 

99999999999999991999999999999999999999999999999999995999999999999999999999999999 
12J41'7"""UUU"dnd".~DDM8.n ••• ~DDM •• n ••• ~UQ~U.~ ••• ~U~M •• ~ ••• ~uaM •• ~ •• M"nnU~nnnn. 

/ r CHARGE DATE ORIGINATING APPROVAL DISTRIBUTION 
T TICKET I-- _ DEPARTMENT MAN 
N NUMBER MO DA NUMBER N~BER DEPARTMENT AMOUNT 
o NUMW 

10110001001100000000000010000010100010000000000000000000000000000000000000000000 
12341'7"""UQU""nd".~DDM8.n ••• ~DDM •• n •• C~UQ~U.~ ••• ~U~M •• ~ ••• ~uaM •• ~ •• M"nnU~nnnn. 

11 1 111 1 1 1 111 1 1 1 1 1 111 111 1 1 1 11 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

22222122212222122221221222222222212222222222222222222222222222222222222222222222 

31333313133331333333133133333333331333333333333333333333333333333333333333333333 

44444444444414444444144444444444444444444444444444444444444444444444444444444444 

55555555555555555555555555555155555155555555555555555555555555555555555555555555 

66666666666666666666666666611666666666666666666666666666666666666666666666666666 

7777777777777777717777777777777777777777777777777777 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

88181811881818818888881188888888888881881888188888818188181818811888888888188111 

1
9 919 9 9 9 I 9 9 9 9 9 9 9 9 91 9 9 9 9 9 9 9 9119 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
12341'7 •• q"UQU"dn"".~DDM8.n ••• ~DDM •• n •• C~UQ~U.~ ••• ~U~M •• ~.H.~uaM •• ~ •• M"nnU~nnnn. 

• Figure 23. Cards Punched From Data Sheet in Figure 22 
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IBM 534 Model 3 Card Punch 

An IBM 534 Card Punch, cable-connected to the 1232, 
punches information from data sheets into 80-column 
cards. Punching is controlled by instructions from the 
534 program card and the 1232 program control sheet. 
The 534 can also be used as an independent card punch. 

Information is punched on a mark position digit 
value for punch digit basis. If more than three marks 
are read for punching into one card column, a 12-punch 
is substituted for the marked digit values. 

An I1-punch, punched into column 81, indicates that 
the data sheet was not selected and that the information 
punched was valid. When using the Multiple Spread
Card special feature, at least one card associated with 
a data sheet will not have an II-punch if the data sheet 
is selected, or if an error is detected. 

All cards associated with a selected data sheet should 
be destroyed before reprocessing the data sheet. 

Punch Controls 

The following switches and keys on the keyboard of 
the 534 (Figure 24) are operative with the 1232: 

• Feed Key 
• Release Key 
• Auto Feed Switch 
• Auto Skip Dup Switch 
• Auto Punch/Keypunch Switch 

.~,e" r. 
~ tf f> AI.> r,,) QuI" ;»J','"'" 

Figure 24. IBM 534 Keyboard 

The switches on the 534 keyboard must be on when 
the punch is operating with the 1232. A main line switch 
is located under the reading table. This switch controls 
power to the 534 punch. 
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When the 534 is to be used as an independent card 
punch, the auto punch switch must be set to KEYPUNCH. 

A Punch On light, on the 534 keyboard, turns on 
when the 534 main line switch is turned on. 

Programming 

The IBM 534 has a program drum that rotates on a 
column-for-column basis in synchronization with both 
the punch and read stations. A program card is mounted 
on the program drum and can be punched to control 
534 functions such as skipping and duplicating. Program 
card functions for skipping and duplicating are identical 
to those of the IBM 024 Card Punch. An explanation 
of the 024 program card codes is available in the IBM 
()24-26 Reference Manual. 

When the program card is also to be used to control 
a connected IBM 1232, additional controls are used. 
TheSe additional controls, punched into the program 
card in the columns into which data is to be punched, 
are: 

PUNCH IN 

PROGRAM CARD FUNCTION 

2 Punch Master or Identification Data: 
Must be punched into every column 
in which master or identification data 
will be punched. 

3 Card Number or Field Number (two 
columns): Must precede or follow the 
entire Master-Identification fields as 
identified by a 2-punch in the pro
gram card. 

6 

8 

9 

Sync-Check Card Column: This 
card column must coincide ~I:ith the 
sync-check word on the data sheet. 

Sheet Feed: Causes 1232 sheet feed. 
When either the Multiple Spread
Card or Unit Record Card feature 
is being used, this instruction is not 
needed and should not be used. 

Punch Detail Data: Must be punched 
in every column in which detail data 
is to be punched. 



Unless one of the multiple-card features is used, in
formation is punched into the card in the same sequence 
as read from the data sheet. 

When either the Multiple Spread-Card or Unit 
Record Card special feature is installed, identification 
data can be punched separately. Identification data, as 
a class of data, can be programmed in the 534 to punch 
out entirely before any detail data is punched, regardless 
of the intermixing of the data on the data sheet. Detail 
data must be the last data punched from the 1232 data 
sheet. 
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Throughput Factors 

IBM 1231 Throughput 

Document format has little effect on throughput for 
the 1231 on-line machine. A carefully-selected 1231 
document format can, however, minimize the number 
of computer program steps and the time required to 
assemble or reorganize the data in storage. Note that 
the data sheet reads left word, right word, left word, 
etc. If possible, like data should be grouped and trans
ferred in sequence to computer storage. 

IBM 1232/534 Throughput 

The data sheet throughput' and the number of cards 
produced per hour by the 1232/534 system depends 
upon: 

1. Location and density of marks on the data sheet. 

2. The number of card columns to be punched. 

3. The number of cards to be punched for each data 
sheet. (Multiple Spread-Card or Unit Record Card 
fp~tllrPQ ) ------ --'"/ 

Use of the following guides will help to maintain 
maximum data-sheet and punched-card throughput: 

1. Data to be read by the 1232 should be located as 
near the top of the data sheet as possible. This 
eliminates paper-feeding time before punching can 
begin. 

2. Data should be arranged as compactly (consecutive 
words) as possible. This eliminates punch-waiting 
time between card columns. 

3. Read data should not be intermixed with data 
not to be read. For example; all fields not intended 
for reading (space for handwritten material), 
should be located below the fields to be read. 

4. Punch on a word basis rather than on a segment 
basis 'la,henever 
punched. 

To assist in pre-installation planning, Figures 25 
through .29 have been prepared as typical examples of 
1232/534 throughput. The throughput rates in these 
graphs are based on the following assumptions: 
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1. The density of the marks on the data sheet is such 
that after punching has begun no interruption will 
occur. 

2. Punching is not allowed until a data sheet has 
been recognized as a detail data sheet (as opposed 
to a master-mark data sheet). 

3. Sheet Feed will be programmed in the 534 program 
card in the last card column to be punched (Figure 
25 only). 

20 
I Fi!"51 Wn~ R .. or! frn~ Dolo Sh:et 
11 = W~rd 10 

= Word 20 
19 1--\---4---.,..~~ = Word 30 

= Word 40 
= Word 50 

17 ~~~~~~--------~-----4--------~--------~----_+--------~ 

13 1------+~~~~~~----_+--------4_--------I_----_+--------~ 

11 

o 10 20 30 40 50 60 70 80 
Number of Columns Punched 

Figure 25. 1232/534 Throughput-One Card Per Data Sheet 

25r--------r---------.--------.-----~--------~--------r_----~--------. 
First Word Read from Doto Sheet 

= Word 1 
= Word 10 

23 I-\-l~~---::,......:;+ .... :.J) ~ Word 20 
= Word 30 
= Word 40 
= Word 50 

21~~~~~~--------~----_+--------~--------1_----_+--------~ 

19~~~~----~--------~----_+--------4_--------1_----_+--------~ 

171_----~~~~--------~----_+--------4_--------1_----_+--------~ 

15~----_r----~~~~~--_+----~----~--_+------~ 

13~--_r----~~~~~_+------~------~--_+----~ 

11~--_+----~----~--~~~~----~--_+------~ 

7~----~----~--------~--~--------~--------L-----~--------~ o 10 20 30 40 50 60 70 80 
Number of Co lumns Punched 

Figure 26. 1232/534 Throughput-Two Cards Per Data Sheet 



4. The ratio of master-mark data sheets to detail 
data sheets is insignificant; the time consumed in 
reading master-mark data sheets is small enough 
that overall throughput rates will not be materially 
affected. 

7L-----~----~----~----~----~----~----~~--~ o 10 20 30 40 50 60 70 80 
Number of Columns Punched 

Figure 27. 1232/534 Throughput-Three Cards Per Data Sheet 
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Figure 28. 1232/534 Throughput-Four Cards Per Data Sheet 
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Top edge of bond represents 
50 cards per data sheet; 

1-...lI~.J------I- Bottom edge of bond 
represents 10 cards per 
data sheet. 

o 10 20 30 40 50 
Number of Columns Punched 

60 70 80 

Figure 29. 1232/534 Throughput- Unit Record Card Feature 
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Document Design and Specifications 

Certain guides must be followed in the design of data 
sheets for use in the IBM 1231 and 1232 Optical Mark 
Page Readers. These guides are divided into two main 
groups: those required for proper machine function, 
and those that facilitate efficient document design. 

Specifications 
The following specifications concern primarily the print
ing of documents; paper quality and weight, ink require
ments, printing registration tolerances, etc. However; 
these specifications should also be considered by the 
data-sheet designer. His layout must not violate the 
document specifications. 

NOTE: All reflectance readings should be measured 
with a Kidder 11ark Tester* (11RS) or equivalent. 

Paper Requirements 

SIZE: S 1/2" :±: .015" by 11" :±: .025". 
THICKNESS: .0045" to .0050". 
WEIGHT: 20 lb. ~5% (17" x 22" - 500 sheds). 
CONTENT: 100% bleached chemical woodpulp. 
MOISTURE EXPANSIVITY: .20% cross direction and .07% 
machine direction maximums using T APPI * * T 447 m 
test. 
REFLECTANCE: The reflectance reading must be at 
least 50 millivolts. 
OPACITY: When reflectance measurements are made 
from the back of the document, the difference in 
reflectance between a printed and a non-printed area 
should not exceed 7 millivolts. 
TWO-SIDE PRINTING: Documents printed on both sides 
must maintain the same right-hand reference edge. 
These documents must be printed in tumble mode. 
CORNER CUT: Paper documents to be read by the 
IBM 1231 and 1232 should have an upper right-hand 
corner cut. This corner cut should be at an angle of 
30° :±: 2° relative to the right-hand edge of the docu
ment. The length of the cut along the top edge must 
be .215" :±: .025". Additional cuts are required if 
documents printed on both sides are used. 

Burst Continuous Forms 

Continuous forms that are used (after bursting) as input 
to either the IBM 1231 or the IBM 1232 must conform 
to the requirements shown in Figure 30 in addition to 
the requirements for regular paper forms. 
CORNER CUT 

I Documents should have a corner cut in upper-right 
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corner. The corner cut should be at an angle of 30° 
relative to the right edge of the document. The length 

I of the corner cut along the top edge must be .215" 
:±: .025". The top of the corner cut can end at the top 
edge of the document or may extend a maximum of 
.030" into the bottom of the document above. The right 
edge of the corner cut can end at the right edge of the 
document or may extend into the adjacent carrier strip 
a maximum of .046". 

PERFORA TIONS 
Burst continuous forms must be grain long with cross 
perforations of either 6 or S cuts per inch with .032" 
ties. All running (vertical) perforations must be four 
cuts per inch with .032" ties. The leading edge must 
be free of "hang-on" and creases or fold marks. Neither 
vertical perforations nor the bottom cross perforations 
can have hang-on that exceeds 1/16" x 1" in area. 
Hang-on must not occur more than once every 25 
documents. 

CARRIER STRIPS 
I" , . ~ . 

I
Nleasureo trom center to center, the dIstance between 
any two adjacent carrier strip holes must be .500":±: 

_ ,005", 
If cutters are used to remove carrier strips during a 

bursting operation, care must be taken to maintain the 
S 1/2" :±: .015" document width. 

SKEW REQUIREMENT 

When a straight line is drawn perpendicular to the 
right edge of any document, tangent to the top edge of 
one of the marking positions of any row, the maximum 
vertical distance between the top edge of any other 
marking position in that row and this perpendicular 
line should be .010". 

NOTE: The perpendicular line is referred to through
out this publication as the "marking line". 

DOCUMENT TO DOCUMENT DIMt:NSIUNS 

The vertical distance between corresponding marking 
positions on vertically adjacent forms is 11.000". The 
vertical distance between the top carrier strip hole (top 
edge of hole) and the first marking line must be within 
:±: .015" and be consistent from document to document. 
The :±: .010" skew tolerance must be included within 
this .015" tolerance. 

If the form is designed with four rows to the inch, 
every other row should have the same measurement 

*Kidder Press Co., Dover, New Hampshire 
**Technical Association of the Pulp and Paper Industry 
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Notes: 1. This distance must be consistant from sheet 
to sheet within ±.015", including skew. 
Every row printed on the even inch from the 
first row should also maintain the same 
measurements and tolerance to the same 
relative carrier strip hole. 

2. Non-reflective printing must not extend 
beyond the right end of the last even
word mark position. 

3. Non-reflective printing, not to be read by 
the machine, should not fall in this area 
if the word or segment is to be read by the 
machine. 

4. Reference d imens ion for p late setup. 

_j __ L - - - - - - - - - - - - - - - - (Top Edge of Sheet Two) 

-G--'-~t 
I See Note 1 

o J 
o 

'''~ '"'' ''''',ecce 

First Marking Line ( Sheet Two) 

• Figure 30. Continuous Forms Dimensions 
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between the top of the carrier hole and the relative 
marking line, and be subject to the same tolerance as 
the first marking line. 

Ink Requirements 

Timing marks must be printed on the data sheet in 
non-reflective ink. Black is recommended. The reflect
ance reading must not exceed 30 millivolts. 

Information that is not to be read by the 1231/1232 
must be printed in reflective ink. An ink reflectance of 
at least 48 millivolts is required. The reflectance of the 
ink must not vary more than 7 millivolts from the 
reflectance of the paper. 

No non-reflective printing or writing should be con
tained within an area from 1/8" above to 1/8" below 
a word that is programmed to read. 

Document Format Requirements 

The maximum number of mark positions on anyone 
side of a document is 1000. To obtain this maximum 
number, the rows of words on the data sheet must be 
printed five to the inch (vertically). If the rows are 
printed four to the inch, 800 is the maximum number 
of mark positions. 

Whenever a new data sheet is to be designed for use 
hy the 1231/1232, three standard layout forms are avail-

I able for use as design guides. Form X20-~043 ~s desig~ed 
with five rows per inch; Form X20-8044 IS desIgned wIth 
four rows per inch; and X20-8045 is designed with three 
rows per inch. Design of answer sheets for test scoring 
should use Forms X20-8040, X20-8041, or X20-8042. 
Any combination of these forms may be employed as long 
as the timing marks maintain their relationship to the 
row and the rows are never printed closer than the 
minimum of .200" spacing. Two timing marks should 
be printed for every row of words; the timing marks 
are used to trigger the read head from odd word to 
even word to odd word, etc. 

No marks, other than timing marks, should be present 
in the timing- mark area. A readint! of an extra timing 
mark, or fallure to read a timing'-' mark, would cause 
the read heads to lose synchronism with the data sheet 

I words (Reading wouid take piace between the rows 
rather than on the rows). 

NOTE: To familiarize persons not aware of proper 
marking techniques, instructions of the following nature 
should be printed on all data sheets: 

Make your marks with a black lead pencil. 
Erase completely any marks you wish to change. 

Printing Requirements 

The length of a timing mark must be .156" *.010"; 
its width .020" * .003" (Figure 31). The dimensions of 
the master mark are .250" * .015" in length and .020" 
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* .003" in width. Other horizontal dimensions of the 
data sheet are shown in Figure 32. 

The outline of a mark position measures .190" * .010" 
in length. The vertical distance between t~e. top edgcs 
of two outlining guide lines of a mark pOSItiOn should 
be .032" * .005" (Figure 33). The line width of the 
guide lines should be .005" to .008". 

.020"±.OO3" 

Master Mark-----.J 

1I\II---tf 

Timing Mark~ ---1 
.020±.OO3 

... 1.-----.l56±.OlO,----~ 

Figure 31. Timing Mark and Master Mark Dimensions 

A segment is composed of five, data-mark posItIons. 
The length of a segment is l.510" * .00.1". All segment 
dimensions are shown in Figure 34: All words must be 
perpendicular to the reference edge· (Figure 35), and 
must be vertically ~paced at least .200" ± .005" apart. 

TWO-SIDE PRINTING 

Both sides of a document can be used; however, only 
one side can be scanned during a single pass through 
the reader. 

Documents printed on both sides must maintain the 
same right-hand reference edge. Thus, all documents 
must be printed in tumble mode. \Vhen looking through 
a document, all response positions and timing marks 
should coincide. 

An additional and identical corner cut is required 
when both sides of a document are used. Therefore, 
two corners will be cut; the upper right and the lower 
right. A third corner cut is recommended in the upper 
left-hand corner to ensure the same "up" side on all 
documents. 

IBM 1403/1443 MARK PRINTING REQUIREMENTS 

Marks (dashes) printed by an IBM 1403 Printer, Model 
1, 2, 4, 5, 6, or 7; or by an IBM 1443 Printer, Model 1 
or 2, can be read by the IBM 1231/1232 Optical Mark 
Page Readers if a special dash character is substituted 
for the standard dash character. For the 1443, any of 
the 52 character typebars or the 63 character typebar 
can be used. The segment containing the standard dash 
is replaced by a segment containing the special dash. 
The 13 and the 39 character type bars cannot be used. 
In the 1403, the standard dash characters are replaced 
by special dash characters. 



Odd Words r---------- Even Words 

1= 
I--Left Segment-1 t--Right Segment----i r--Left Segment-f r--Right Segment---j_ 

_::_: .I:~'~ ±:.:~:1:0"~ 

-.2~~i~~ 
.015" Max 

::::: .~~ . ?:1:~;' ::::~~ 
""LI'"" __ -_ ---1.510"---:-::~~j = 

Ref. 4 Ploces 

_____ ""1.-----1. 980"----:...,::.~:j = 
Ref. 4 Places 

---::"1"'--- 2.072" ±.007" 

:::::t"I'" -------- 4.052" ±.011" ::::~~ 

::::-_ .. ' .. 1----------------- 6.032" ±.014" 

Note: 1. All tolerances to be ± .005" 
unless otfterwise specified. 

2. When printed, all positions are to be in alignment 
horizontally, and perpendicular to the right edge 
of the document. The maximum allowable tolerance 
is ± .005" from the hypothetical center line. 

Figure 32. Horizontal Dimensions 

~------------------Woro------------------------~ 

Segment One----l 

::~~t'~! 
~Segment two 

I Mark Position 
__ ~ ____ ~ ____ L __ ~ ____ L 

-005" +.003" 

3 _[032.'.00.5" ----
• -.OOO"~ T-----' 1-4I,----.190"±.010"-I 
Figure 33. Mark Position Dimensions 

""'""--------1.510 Ref. 

Figure 34. Segment Dimensions 

------

:::::~ 

---
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t 
.636' ±.005" 

:::,,~::::: 

[~195" Mlo. 

T:::~· 

10.726" 

30° ±2° r--

'215"±'o25"~ ~t. 
\. -'--...,. 

First Timing Mark- -" 

1.60" 

I ,=U 
.536" ±.005" r 

;:::, t:" ::::: 

Master Mark 

Reference Edge --...... 

11.000" 
±.025" 

1 ~I L--_____ ~l---.----.. 
J..oL-----------------a.500" ±.015"-----------------+-!. ~ote 

Figure 9. Vertical Dimensions 

Figure 35. Vertical Dimensions 

46 

Note: The bottom and top edge should be 
perpendicular to reference edge 
within .015" as measured at left edge. 



To be usable by the 1403 or the 1443 printers, the 
words on the data sheet must have vertical spacing 
compatible to the line spacing of the printer. The max
imum vertical density readable by the 1231 or the 1232 
is five rows per inch. Both the 1403 and the 1443 nor
mally print either six or eight lines to the inch; therefore, 
that portion of the 1231/1232 document which is to 
have marks printed by the printers should be printed 
with either three or four rows per inch. Anyone docu
ment can, for instance, be printed so that the portion 
to have machine printed marks could be printed at 
four rows per inch and the balance of the document 
could be printed at five rows per inch. The timing marks, 
in this case, must be printed so that they maintain the 
proper relationship to the word to be read. 

IBM ribbons 474635 (1403-11"), 474634 (1403-14"), 
422536 (1443), or their equiv,alents can be used for the 
printing of marks in mark positions. Marks which pro
duce a reflectance reading of 37 millivolts or less (as 
measured by a Kidder Mark Read Tester) can be read 
reliably by the 1231/1232. As the ribbon is used, the 
reflectance reading of the printed marks increases. 
Therefore, during any mark printing run, some method 
of monitoring the reflectance reading of the printed 
marks is necessary. 

One method of indirectly monitoring the reflectance 
is to keep track of the number of lines printed by any 
one ribbon. The 1403 ribbons will print 150,000 lines 
of marks when the same mark position is marked on 
every row; 1,500,000 lines when only one mark position 
is printed per word and the marks are evenly dispersed 
across the word. The 1443 ribbon will print 1,200,000 
total characters before the 37 millivolt maximum reading 
is reached. Each mark position requires two or three 
dash characters, depending on the mark position being 
printed. 

NOTE: When reading documents that have been 
printed with two or more marks per segment or word, 
the read mode switch must be set to MULTI RESP. This 
setting allows all marks which fall into either area A or 
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area B as shown in Figure 9 (see Mark Recognition and 
Discrimination section) to be read without discrimination. 
The MULTI RESP SEL UNC setting should not be used when 

I reading multiple marks made by printers. When reading 
documents printed with one mark per word or segment, 
the read mode switch must be set at SING RESP. 

Because the horizontal dimension between adjacent 
mark positions (measured center to center) is .330", 
and the horizontal pitch of the 1403 or 1443 printers 
is ten characters per inch, the printed marks will not 
print symmetrically within the mark positions (Figure 
360. Each mark position to be marked on the 1231/1232 
document must contain at least two printed d~shes to 
ensure that a proper amount of non-reflective ink exists 
within the marking area of that position; some positions 
must contain three printed dashes to meet the non
reflective ink requirements. Three dashes are required 
in odd-word positions 0, 4, 6, and 9, and in even-word 

positions 2, 5, and 8. See Figure 36. Printer positions 
1 through 75 are assumed for purposes of illustration 
only. If it is desired to use other printer positions, the 
same relationship must be maintained between the 
printed dashes and the mark positions. 

Setting up the printers requires that the horizontal 
and vertical alignment be accurate and the printing 
impact be correct. The procedure for setting up the 1403 
or the 1443 printer is: 
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1. a. Set the 1403 print density to "A". 
b. Set the 1443 print density to "2". 

2. a. Set the 1403 print timing dial for the proper 
paper thickness. The 1231/1232 document is 
.0045" to .0050" thick. 

b. Adjust the 1443 paper brake for proper paper 
tension. 

3. Align the 75th print position horizontally so that 
the right end of the printed dash is flush with the 
right end of the last even-word mark position guide 
lines. If only the odd words are to be printed, align 
the 29th print position dash with the right edge 
of response position #7. 

60 70 

{

I 
Print 2 
Positions 3 

14 
5 8 11 15 
6 9 12 16 

21 25 28 31 35 
22 26 29 32 36 

41 44 48 51 54 
42 45 49 52 55 

61 64 67 71 74-
62 65 68 72 75:: 

Mark- 0 
Positions 

2 3 4 5 6 7 8 9 

Figure 36. Horizontal Placement of Printed Marks 

o 234 5 6 7 8 9 
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4. Center the dashes vertically within the mark posi
tion guide lines. At least .015" of the printed dash 
must fall within the guide lines. 

Information which is not to be read by the" 1231/1232 
(such as customer number, salesman number, part de
scription, etc.), although usually printed in reflective 
ink, can be printed in non-reflective ink at the same time 
that the marks are being printed in the mark positions. 
These rules apply: 

1. Information must not be printed in non-reflective 
ink within an area extending from 1/8" above to 
1/8" below any word v.rhich is to be read by the 
1231 or the 1232. 

2. The information must be printed at least .092" 
from the left edge of the nearest timing mark. 

During the printing operation, check the horizontal 
and vertical mark printing registration. The printing 
registration must be carefully maintained to ensure 
1231/1232 reading reliability. 

Design Guides 
Many factors must be considered when designing a new 
data sheet. The format affects items such as throughput, 
field checking, usage of cards, etc. The following factors 
should be considered: 

• All documents are read left to right, top to bottom, 
row by row. 

• Timing marks synchronize the read head with the 
data being read. Two timing marks are required 
for any row in which either or both words may be 
marked. 

• The number of master-mark words marked on a 
master-mark data sheet must equal the number of 
card columns reserved for punching master-mark 
data in the card. The number of timing marks 
printed on the master-mark sheet must be twice as 
great as the number of words marked. (Only even 
words are read on the master-mark sheet.) 
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• Identification data (available with the Multiple 
Spread-Card or Unit Record Card features), if 
called for by the 534 program card, reads out in 
the sequence it was read, regardless of whether or 
not it was mixed with detail data when read from 
the data sheet. 

• When the Segmented Word feature is installed on 
a 1232 (standard on a 1231), information can be 
read and punched on a segment basis. One, neither, 
or both segments of any word on the data sheet 
may be programmed to read. Master-mark data 
and identification data always punch on a word 
per column basis, regardless of the setting of the 
punch mode switch. 

• Field checking is controlled by switches. Start-of
checking control codes (stored from the program 
control sheet) determine which set of field checking 
switches is to be used for checking the field. Any 
of the three sets of field checking switches can be 
programmed, on the program control sheet, to be 
active in the sequence necessary for processing the 
data sheet. 

• Detail data must be the last data punched (1232/ 
534). Whenever two or more choices are given as 
response to a question or item, marks should be 
kept within one segment or word so that the field 
check switches can check for any or all select 
conditions. 

• In applications where it may be necessary to mark 
long series of numbers on a data sheet, it is helpful 
to overprint a shadow line (a screened stripe) on 
every other row. This enables the person marking 
the sheet to visually scan each row for a mark. 

Document Gage 
J.~ document inspection gage (Figure 31), is available 
for checking printing alignment on a data sheet. The 
procedure for using the gage is: 

1. Position right edge of document against reference 
edge of gage, and bottom edge of document against 
document length reference line on gage. Check that: 
a. Left edge of timing mark is under timing mark 

skew tolerance line. 
b. Left edge of document is under document width 

tolerance line . 
c. Top edge of document is under or between 

document length tolerance lines. 
2. With document still positioned against gage refer

ence edge, slide document as needed to check that: 
a. Top and bottom edges of document are within 

document squareness tolerance lines. 
b. Corner-cut of document is under angular and 

width corner-cut tolerance line . 
c. Top edges of all response positions in a horizontal 

row fall between response skew tolerance lines. 
d. Top of form is under or between document 

length tolerance lines when top edges of first 
and second word response positions are under 
first response reference lines. Top edge of first 
two timing marks should fall under the two 
timing mark spacing lines near corner-cut toler
ance line. 

e. Top edges of last two word-response pOSitIOns 
fall under or between first-last response tolerance 
lines when top edges of first two word-response 
positions are under first response reference lines. 
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f. Top edges of timing marks fall under two timing 
mark spacing tolerance lines on gage when top 
edge of response position is between response 
skew tolerance lines (as reference). Response 
spacing can also be checked at this time. 

g. \Vith the right edge of the data sheet against 
the r~ference edge of the gage and the top control 
timing mark (1230) aligned with the fine line 
timing mark on the gage, the top of the adjacent 
timing marks must fall under the timing marks 
on the gage. 

3, Re.position document so left edge of timing marks 
just touch the timing mark reference line. Check 
that: 
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a.~ges of printed response positions fall under 
Jjppropriate tolerance zone lines. This checks 

odd and even word tolerances (right edge of 
5th and 10th response positions in odd and even 
words). 

b. Right edge of timing mark falls under timing 
mark length tolerance line. 

4. Align right edge of fifth or tenth response position 
under reference line of odd word tolerance zone. 
Check that: 

a. Right edge of first four response positions of the 
half word are under respective half word toler
ance zone line. 

b. Left edge of response position is under response 
length tolerance line when right edge of response 
position is under reference line (near top of 
gage). 
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READER'S SURVEY FORM 

Manual Name: IBM 1231, 1232 Optical Mark Page Readers Form No. A21-9012-3 

• Is the material: res Satisfactory 

Easy to read? 
Well organized? 
Fully covered? 
Clearly explained? 
Well illustrated? 

o 
o 
o 
o 
o 

• How did you use this publication? 

As an introduction to the subject o 
o For additional knowledge of the subject 

• Which of the following terms best describes your job? 

Cus.tomer Personnel 

~anager 0 
Systems Analyst 0 
Operator 0 
Programmer 0 
Trainee 0 
Other ____________ _ 

.IBM Personnel 

Customer Engineer 0 
Instructor 0 
Sales Representative 0 
Systems Engineer 0 
Trainee 0 
Other ______ _ 

o 
o 
o 
o 
o 

• Check specific comment (if any) and explain in the space below: 

(Give page number) 

o Suggested Change (Page o Suggested Addition (Page 
o Error (Page ) o Suggested Deletion (Page 

Explanation: 

Space is available on the other side of this page for additional comments. 
Thank you for your cooperation. 

No 

o 
o 
o 
o 
o 

) 
) 
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