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Features and Functions

The 18M 407 Accounting Machine prepares printed
reports from 18m cards. The machine prints informa-
tion from 120 printwheels, which form a solid bank 12
inches wide. Each printwheel has 47 different charac-
ters, namely, all the letters of the alphabet, all the
numbers, and 11 special characters.

The 407 can print 18,000 characters a minute. IBM
cards are read at the rate of 150 per minute. The same
rate of speed is maintained for detail printing and
group printing.

As a punched card is being read, it remains station-
ary at one ol two stations and can be re-read as often
as desired, which permits multiple line printing or
cross-footing quantities and amounts from a single
card.

Amounts can be added or subtracted in 112 counter
positions which are arranged in 20 groups of 3, 4, 6
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and 8 positions each. Numerical or alphabetic infor-
mation may be stored in four storage units until ready
for use.

Forms can be positioned in the machine automati-
cally by the use of the carriage, which is set up for
operation by inserting a prepunched tape in the tape
control mechanism.

All summary punch wiring is included on the ac-
counting machine control panel, thus allowing the use
of selectors and other features of the machine for
summary punching operations.

The functions of the machine are illustrated by
examples of sample cards, reports and wiring dia-
grams. The control panel hubs are explained as they
are first introduced.

Ready reference to the function of each control
panel hub is in the index.



Feed Unit

Cards are placed in the hopper (Figure 1) with the 9-
edge toward the throat. They feed into the machine
from the bottom, under control of the feed rolls, The
hopper holds approximately 1,000 cards. Each card
in turn is positioned at the first, then at the second
reading stations by means of card grippers which
move horizontally as indicated by the arrows in Figure
2. The cards can be held at the reading stations for
any given number of cycles, after which they move
around the stacker drum into the stacker, where they
are held in position by a pressure plate. When the
stacker becomes full, the machine stops.

Card Readzng Figure 1. Hopper and Stacker

As a card is positioned at a reading station, it is lined
up by the card aligners so that the 960 possible punch-
ing positions (12 digit positions times 80 card col-
umns) are directly under the 960 stationary reading
brushes and directly above the 960 metal segments
(labeled 9, 8, 7—I2 in Figure 2). Any hole that is
punched in the card allows its corresponding brush to
make contact with a metal segment. The electrical
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Figure 2. Feed Unit Schematic
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Figure 3. Stacker in Raised Position

impulse resulting from this contact is transmitted
from the commutator as it rotates clockwise to the
brushes in that position. There are 80 commutators
at each reading station, representing the 80 columns
of the card. They rotate together, starting with the 9
position and advancing progressively to 12. These
commutators transmit impulses to the brushes in their
corresponding position. The brushes transmit these
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impulses to the control panel, where they can be used
to control a specific machine function.

It may be seen that a card is read as it is standing
still, and that it can be easily re-read again and again,
merely by holding the card stationary.

Card Feeding

Normally, card feeding is continuous and automatic
when the start key has been pressed, except when a
card fails to feed from the hopper, or when the hopper
runs out of cards. A card feed failure is recognized at
the pre-test station, and causes the machine to stop
and the card-feed stop light to turn on. Card feeding
may be resumed as described under Card Feed Stop
Light.

Card Removal

Access to the cards after they have left the hopper is
possible by pressing the stacker lock, then raising the
stacker itself (Figure 3), and raising the brush holder
(Figure 4). The cards can then be easily removed from
the machine by hand. The brushes, which normally
protrude slightly below the brush holder, recede into
the holder when it is raised, thus preventing possible
damage to the brushes.

|

Reset Check
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Figure 4. Feed Unit, Brushes Raised (NoTE: Remove cards from the stacker and the hopper

before raising the stacker and the brush holder.)



Figure 5. Printwheel Schematic

Print Unit

Printing by the 407 is accomplished by means of 120
printwheels arranged in a solid bank that prints
within a width of 12 inches, 10 characters to the inch.
Each printwheel contains 47 separate character posi-
tions:

10 digits: 0 through 9

26 letters: A through Z

I1 special characters:

/¥0*9% @ &— # .,

As shown in Figure 5, the printwheel is divided into

twelve equal parts:

Digits 1 through 9 9 parts
Combination of the digits 8

and 3 in one column 1 part
Combination of the digits 8

and 4 in one column 1 part
Zone only 1 part

Each of the twelve parts is in turn divided into four
sections:
0 Zone
11 Zone
12 Zone
N (No) Zone
As shown in Figure 6, the 0, 11, and 12 zones con-
trol printing of 26 letters, zero, and nine special char-
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acters. The N (no) zone controls printing of nine
digits and two special characters. An additional spe-
cial character (*) position is provided for check pro-
tection.

The printwheels remain stationary until the digit
punched in the card is read, at which time one of the
twelve sections is selected. A further selection of one
of the four parts within that section is made when the
zone is read. The printwheel rotates at a high rate of
speed until printing time, when its speed is reduced to
259, of normal. At the actual time of printing, the
wheel is moved against the platen in a straight line,
producing maximum legibility. The rotary motion of
the wheel at print time is compensated by a special
cam.

Although one line is printed during one cycle, the
wheels print at four different times within that cycle.
All the wheels zoned for 0 print first, followed in suc-
cession by those for 11, 12 and N.

Speed

The 407 operates at a rated speed of 150 cards per
minute. With 120 wheels for printing, the maximum
printing speed is 18,000 characters per minute. The
same speed is maintained for accumulating totals for
group printing, total printing, crossfooting, or taking
special program cycles for other operations.



Operating Keys, Switches, and Signals

Switches and signals for controlling machine opera-
tions are shown in Figure 7.

Main Line Switch

The main line switch located on the upper left side of
the machine must be turned on. This switch should
not be turned oft while cards are feeding or during
any other machine operation.

Start Key

The start key must be pressed to start cards feeding
through the machine. It is also used to turn off the
form-stop and the automatic-stop lights.

Stop Key

When the stop key is pressed, the machine stops at the
end of the cycle. The stop key is also used to turn off
the card-feed stop light.

.

Lol o/ U

Figure 7. Operating Keys and Signal Lights

~3nrn

Final Total Key

If the final total toggle switch is oN, the final total key
is used to print and reset final totals manually, pro-
vided the control panel has been wired acccordingly.

Card Feed Stop Light

The card feed stop light glows whenever a card fails
to feed in either the accounting machine or the sum-
mary punch, and also when the summary punch runs
out ol cards. It also glows il a card fails to feed to the
stacker from the second station. When the light turns
on because of feed failure in the accounting machine,
this procedure must be followed:
a. Remove cards from the hopper and correct the
card that failed to feed.
Replace cards in the hopper.
c. Press the stop key to turn out the light.
d. Press the start key to resume operation.
The cards then feed normally, without interruption
of the normal controls or spacing operations.
When the card feed stop light turns on because the
summary punch hopper is empty, it can be turned off
by replenishing the hopper and pressing the start key.

Form Light

The form light glows and the machine stops when-
ever the last form is within 1334 inches of the platen,
provided the form-stop toggle switch is on. The form
light is turned oft by inserting a new form and press-
ing the start key.

Automatic Stop Light

The automatic stop light glows whenever the machine
stops because of an impulse received by the auto-stor
hub on the control panel. It can be turned off and
operation resumed by pressing the start key.

Fuse Light

The fuse light goes on and the machine stops when-
ever a fuse burns out. The fuses are located on the
lower left side of the machine. The light is turned off
when the fuse has been replaced, and operation can be
resumed by pressing the start key.

Light (unlabelled)

The unlabelled light (the upper half of the form
light) goes on when the main-line switch is oN and the
machine is idling.

Reset Check Light

The reset-check circuit determines if counters reset
correctly. The circuit can be made inoperative or op-
erative by setting a reset-check toggle switch to an orr
or oN position. I the reset-check switch is OFF, a reset-
check light blinks while the machine is operating, thus
making the operator aware that the check circuit is
not operative. It the reset-check switch is oN, the reset-
check light turns on, and the machine stops only when
an error is detected upon reset.

A reset error is usually caused by improper counter
wiring. The steps to be taken to locate the error are
described under Operating Rules and Suggestions.
However, before errors in counter wiring can be lo-
cated and corrected, cards in the machine at the time
the reset-check light turns on must be run into the
stacker. To do this:

1. Remove cards from the hopper.

2. Press the start key to run cards out of the ma-
chine. At this time re-programming occurs, and the
counters reset a second time. The machine continues
to run. ‘

3. To stop the machine, press the stop key. The
reset-check light may or may not turn off.

4. If the reset-check light turns off, it means that all

Features and Functions 9



Figure 8. Operating Switches

cards have ' run out of the machine and are in the
stacker,

5. If the reset-check light does not turn off, there
are still some cards in the machine. To run them out,
it is necessary to:

a. Turn off the reset-check switch

b. Press the start key to run the cards into the
stacker

c. Press the stop key to stop the machine. -

When the machine stops, the reset-check light will
turn off.

Alteration Switches 1,2, 3,4 (Figure 8)

When an alteration switch is turned on, a correspond-
ing selector in the control panel transfers. The selec-
tors can be used to alter control panel setups.

Inverted Switch

This switch must be oN whenever inverted forms are
being run. Inverted forms are those in which details
precede the heading. The switch must be oFF for run-
ning conventional forms.

Final Total Switch

When the final total switch is oN, final totals can be
manually printed and reset by pressing the final total
key, provided the FINAL TOTAL hubs in the control
panel have been properly wired. It also allows the
run-out final total to print automatically when the
rer (last card total) switch is on.

When the final-total switch is oFF, neither final
totals nor run-out final totals can be taken, and the
final total remains in the machine indefinitely.

Form Stop Switch

When the form stop switch is on, the end-of-form
stop, located in the center of the carriage, is operative
and causes the machine to stop when the last form is
within 1334” of the printing line. When the form-
stop switch is oFF, the end of form stop is inoperative.
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Reset Check Switch

The purpose of the Reset Check Switch is explained
under Reset Check Light.

Control Panel

Automatic operation of the machine is obtained
through a control panel (Figure 9), which directs the
machine to perform various functions according to the
requirements of the operation.

The machine operates from electrical impulses that
result from sensing a hole in a card. The impulse

Figure 9. Control Panel, Inserted in Machine
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travels by internal connections to the control panel,
located on the right side of the machine; and by means
of external wires, it can be directed to perform the
required operation.

Two kinds of hubs are on the control panel, exits
and enfries. An exit is one that emits an impulse.
Some exits are under control ol the hole in the card,
and others result from some [unction previously per-
formed, or are automatic lor every card. An entry hub
is one that can accept an impulse wired to it. A con-
nection must always be made from an exit to an entry
by placing one end of a wire in the exit hub and the
other end in the entry hub. The exits and entries to
be used depend entirely on the job the machine is to
do. Control panels can be changed to prepare each
new report, thereby giving a single machine the flexi-
bility needed to produce difterent types ol documents
or reports for many difterent applications.

Whenever two or more hubs are connected by lines,
as shown here, these hubs are common; that is, two
or more exits or entries serve the same purpose. Such
an arrangement reduces the need for split wires (wires
with more than two ends) since these hubs are actually
connected together.

e N\ o

12 IBM 407 Accounting Machine

To facilitate reference to specific hubs on the con-
trol panel (Figure 10), the rows are numbered {rom
I through 80 horizontally, and lettered from A through
BL vertically. This arrangement divides the control
panel into four equal sections. Generally, position wir-
ing, such as card reading, counter entry and exit,
storage entry and exit, comparing, and printing, is
concentrated in the upper and lower left sections; wir-
ing for control of entry, exit, adding, subtracting, and
other functions is concentrated in the upper and lower
right sections. Groups of hubs performing like func-
tions are sectioned oft by heavy lines. Shaded hubs in-
dicate possible additional capacity for various features.
A universal control panel is used with the 107, 408,
and 109 machines. The hubs with the heaviest outlines
are used for the 408 and 409 only; the hubs outlined
with cross-hatching are used for the 409 only.

Summary of Machine Specifications

Models
Al A2 A3
Co-Sclectors (5-position) 16 16 20
Pilot Selectors (2-position) 15 15 20
Digit Selectors 2 3 4
Counter Positions 112 126 168
Filters 10 20 20



Printing is a medium used by the 18BM 407 Account-
ing Machine to record information processed by the
machine for completing reports.

The variations of printing are initiated by the flexi-
bility of control that can be used.

Detail Printing (Figure 12)

The 407 is basically a detail-printing machine. Detail
printing is printing information from each card as it
passes through the machine. Figure 11 shows the codes
that must be punched in the card to print digits, let-
ters, and special characters. The digits 0 through 9 are
identified by single punches, while the letters and spe-
cial characters are identified by combination punch-
ing. For example, the combination of 12 punches with
the digits 1 through 9 are recognized by the machine
as the letters A through I. Combinations of I1 punches
with the digits 1 through 9 are recognized as the let-
ters | through R. Combinations of 0 punches with
the digits 2 through 9 are recognized as the letters S
through Z. Eleven special characters are designated by
various combinations of punches as shown in Figure
11. These are permanently assigned codes, and when
the control panel is properly wired, the machine al-
ways recognizes a 12-1 as the letter A, 0-4-8 as the 9
sign, etc.

Digits
0123456789

Letters

ABCDEFGH I JKLMNOPQRSTUVWXYZ

Printing

As previously explained, each one of the 120 print-
wheels can be impulsed to print any one of the 47
characters. Only one wire in the control panel is
needed to print a number, a letter, or a special char-
acter.

Underpunching cannot be used as a means of cor-
recting cards when they are to be processed in the 407.

o5 oumeme— SECOND PEADING

[TTITL LT

23 < 3

111

42

PITTTT]

trrorirrroior o1iriind

Second Reading. The 18M 407 has two sets of sec-
ond-reading hubs, one in the left center of the control
panel, the other at the left top of the panel. The cor-
responding hubs in both sets are common, and can be
used interchangeably. The 80 second-reading hubs
represent the 80 columns in the cards, and are used
for all normal reading operations. In order to print
information that is punched in the card, the second-
reading hubs corresponding to the card columns are
wired to NORMAL PRINT ENTRY. They may also be
wired to TRANSFER PRINT ENTRY O COUNTER-CON-
TROLLED PRINT as explained in the discussion of those
hubs.

Special
Characters

&.u-3$%/ %#p

a i i
l “ Hn 311
ssnssondlit oot oo coseot ot oo

i!llllll!l IRRRRRRR IR EERRERRE 1 1111111

!2222222222ﬁ 0222222222 2 2222222222112 2 22222222
33333333333& 333333313113 33” 3 3333333333(33| 3‘ 333333133
4444048488284]44494444484484824] 4440444444444 44444444444[44[44 44444444
5555555555555[199%% 55555555555$ﬂ 555509439555091 155555555555'55!55 55555555
666666566566666[40¢ GGSGGSGGSSSSBHII 6666614466667 4 HBSSGGGSSSG@EBEEG& 666666686
1111117117111 11 17 77777177777111U 777771ﬂ IRRRRRE R ERRRRRRRRREE R 71 1717111117
aaasaaassasasaaaﬂlsassaaasaaasessﬂtasaauasuaaaaaaa dssoasssasssqie 8 88888888
????2???2333?,?..?,33!L3,’,?.?,;’,?.3,?.?,,’.?.,%333393333.’.3339.’;3332335133333;’.;’.33333&&333,%?.%23%2?,?.?9?0

Figure 11. Character Punching
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-3 NORMAL PRINT ENTRY s — ‘S
° o o o o ] © -] ° © -] o o o o o ° o o
’0’ L ©c © © ‘: © ©° o o ‘0s © o o ,I: o °© ° o 'O' EXPENSE DISTRIBUTION
» 100 10 ns 1o BY DEPARTMENT OR BRANCH
o o o o ° o o o o o o o (-] -] o o ° ° o o
V-X, 140 o:r ACCOUNT Mo.| our | parta wount ANOUNT A.:ouur
mvoics oEPY.
) . . . 2N, | Sve. . BY ACCOUNT
Normal Print Entry. Each printwheel has a corre- use [Lune | Numeen R0 M on BaancH
. : 82[431[112{12066]12| 10 300.00
sponding NORMAL PRINT ENTRY hub in the control 82|431|112| 15123 | 13| 20 390.00
panel. When a print entry hub is impulsed from a 600.00%
; i i h selectors, the 82(431|113[12066|12| 10 150,00
segond readlng hub, dlrectly.or throug selectors, tl S2|a31i2| 12066112120 150.00
printwheel prints the numerical, alphabetic or special 82(431[113)12066 12|10 125.00
I . . . 82|431|113}12153(12| 28 150,00
character information that is punched in that column 82(431]113(12153|12{ 28 150.00
. . . 82|431|113|12153 (12| 28 125.00
of the card. Only one wire is required to print any one 850.00%
character. If a controlling X is punched over a nu- 82]431|114]12086 12|10 50.00
. . 82(431]|114]12066 12|10 75.00
merical field, that X must be filtered out by means 82|431]114| 13066 12| 10 53700
: ini 82(431|114[12153|12| 28 50,00
of a colur{zn split, or the column containing the X aalaa| e 322332 28 3009
must be wired to COUNTER-CONTROLLED PRINT hubs. 82(431|114]12153]12| 28 ,15.00
The NORMAL PRINT ENTRY hubs may also be wired 62|431 1520112 )
. 152012149 |12/ 28 360.43
from the emitter, and the coMMA, DECIMAL and DOL- 360 .43%
LAR EXIT hubs. In some instances, they are also wired 82|431|700]1208212]| 14 2.25
*
from FIRST READING. 2.25
Figure 12 shows wiring from SECOND READING to 821431/750112003 12101} 100.00
NORMAL FRINT ENTRY. s2[431810{12112 12|18 70.20
70.20%
82|431{850|12043 12|07 26,75
24,75+
. .
Group Printing 2357.63
82|432{841 12151 12[28| 1792.86
List 1792 .86+
[+]
r OFF 1792.86
o
4150 .49
E-F-80
List Off. The 407 is basically a detail printing ma- Figure 13. Detail Printed Report
chine. It can print from each card as it passes through
the machine. When the list switch is wired OFF, print-
ing occurs automatically for:
1. heading cards
2. the first card after a control change, for group
indication purposes
3. program cycles, to print totals
4. overflow program cycles, to print overflow indi-
f:l‘li”s}'l 1 Hroueh the machine with EXPENSE DISTRIBUTION
I other cards pass through the machine without BY DEPARTMENT OR BRANCH
printing.
When the list switch is wired ofFfF and neither pro- oerr. (account we.| ovm | pare a— Auount
. . . o oa VoI AMOUNT 8Y DEPFT.
GRAM START NOr LAST CARD TOTAL is wired, printing pasnc| 2se. | icne. | nuusen | wo.|oa¥ SY Account o saAnc
takes place only by depression of the final total key. 82431112 600.00
. . o 82(431113 850. 00
1f the LAST cARD TOTAL switch is wired oN, totals are 82{431|114 350. 00
. . . 82]431{520 .
printed after the last card leaves the machine. 82]431]700 363';’2
: R i . 82(431|750 100.00
To select LIST OFF, wire a cycLEs impulse through a 82 aa1|810 70,20
selector to the lower LisT OFF hub, 8214311850 24,75 2357.63
Figure 14 sho up-printed r i h '
gure ws a group-p e(_i eport using the 62 la32 841 1792.86
same cards used in Figure 13. It will be seen that the 1792.86
. . . . 4150.49
group-printed report eliminates printing detail items

because there is only one printed line for each sub-
ledger or general ledger account, no matter how many

Figure 14. Group Printed Report
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cards are included within these groups. Moreover, the
minor total prints on the same line with the indica-
tion. Intermediate totals print one line below the mi-
nor total, and major totals print one line below the
intermediate totals (when the machine is set to single
space). An automatic space occurs after the interme-
diate total, if only minor and intermediate programs
are active, or after the major total if all three pro-
grams are active. An automatic space never occurs
after a minor total only.

The speed for group printing, as for detail printing,
is 150 cycles per minute.
Figure 15 shows wiring for group printing.

[XSSTTTLTISTLTR IR S 1T

W-X, 53-80

Direct Entry. In group printing, the group total
prints on the same line with the indication. Usually,
information from the counter prints during the indi-
cate cycle and during the program cycle too, resulting
in overprinting. To suppress printing from the count-
er for the indicate cycle, a card cycles impulse must be
wired to the pIRECT ENTRY hubs of the counter being
used. This wiring disconnects the counter entries from
the counter exits for the indicate cycle, forcing the
information wired to COUNTER ENTRY to enter the
counter directly from second reading, rather than in-
directly via the printwheels. This wiring also nulli-
fies the action of the c and R or MiNUs hubs, and credit
symbols do not print on the first card of a group.
When more than one pIRECT ENTRY hub is wired from
one impulse, the corresponding READ-OUT AND RESET
hubs must be impulsed during the same program
cycle. Otherwise, the pIRECT ENTRY hubs must be im-
pulsed independently. See Direct Entry or Direct Reset
under Operating Rules and Suggestions.

The pirecT ENTRY hubs are also used for direct reset
as explained under Direct Reset.

Consecutive Number Printing (Figure 16)

This is a simple method of printing consecutive num-
bers with the 1BM 407 Accounting Machine. The
method can be applied easily to printing serial num-
bers on checks or other accounting documents, since it
does not interfere in any way with normal carriage
controls.

The starting number is read into a counter from
an X-punched leader card. NON-PRINT is impulsed at

this time to prevent printing. On every cycle there-
alter, the number in the counter is read out and
printed, but it is also increased by 1 by a carry im-
pulse from another counter, which is always subtract-

ing.

Consecutive Number Control (Figure 17)

This is a simple method of consecutive number con-
trol when the printing of missing consecutive num-
bers is not required. Any break in a consecutive-
number series is signalled by a special character (M)
printed beside any number that starts a new series.
Duplicate numbers are identified by another special
character (D) printed beside each duplicate number.
Examples:

Detail Printing Group Printing
1006 1010 M
1007 1013 D
1008 , etc.
1010 M
1011
1012
1013
1013 D
1014
etc.

The number of selectors and counters required for
this operation depends on the size of the number to
be checked. For example, consecutive number control
of a 5-digit number requires two co-selectors, two 6-
position counters, and ten comparing positions. In all
cases, four pilot selectors are required, and the file
must be preceded by two blank cards.

The control number punched in the cards is read
from first reading, and subtracted by direct entry into
one of two counters that are controlled alternately
through a pilot selector. When one counter subtracts,
the other direct-resets, and vice versa. By omitting the
c1 to ¢ wiring, the number subtracted in the counter
is increased by 1 when converted (Negative Balance
oN). Thus, the number can be read out of COUNTER
PUNCH EXITs in the next cycle, and compared with the
number read from the following card. Use of COUNTER
PUNCH EXITs is permissible if the counter is reset di-
rectly. If the comparison is unequal (a break in the
consecutive series), the comparing exit picks up a pilot
selector and the letter “M” is allowed to print, in the
next cycle, through the transferred side of the selector.

Another independent normal comparison between
two cards (one at first reading and the other at second
reading) controls printing of the letter “D” for dupli-
cates, through the normal side of a pilot selector.

Printing 17



‘' ’ . ’
o e . ) C ¢ o o % 0 oo e v o 0 o o - ©c o © 6 0 o 0 5 o 5 0 0 0 00 o0 o0 o o o
| e f B ¢ et . v t I oo m e t “ o g 5 L sne— ux
[ . . - c 6 6 060 0060 0 5 6 0 o o 6 5 0o 90 905 00 00605 o060 0 o o o
- e - - — H
f, . . T s e 9 e e e 06 66 o e ' e A S S
Ll T L e e L T T S P B [ I ° °e5 : RAA
N - - . N . - k= < < o o o o < k= 2 o o o o—0 o o o o © © o ] o © o o o o O»D o -3 a o o o o © -3 o o o © o
s - - - = AULNY X 5 1X3 HONNG 1DV X0 | §mmmmmm— oy | IN )
. . - . - . - <} < N o N o o o o ° ¢ o o o © = o o -3 o o Hr © o o o o o o o © o o o o © L] o o ] o o O © © o o © © © © o o o o o o o ° o
’ . 'y i t v e I v ' . (1]
L T T I T D T S S S N S O S PP SR
L TOEINOD INikd Oulz pe—ABIND HONMG ATYWANS - m
| @ ° o [#| o o o030 o o o oys o]o o o o oy0 o 0|0 oo oﬁooooo.oolooono.oo
r
| oo.-oo:owoo o o woa_ooooo. oo_onoo"o:uoooo"oun_ooeo._oo
| o o || o o o2e o °%o °© © ofo olo afo oJo o o o o 0J0 o .0 0J0]o o 0 9y0 o|0 o 9,0
!
o o [ 5 o oto o oo o o' o'o o0|o'ofe o]0 o o o o ol o cYo'o o o olo 6|6 o olo
L . U _ —r X1 Luz:. ¥INNO . L T 7 — * —t
o o o & . [ . . c,00»onnoowoooowfooaowocauw-70000000000000000nooooooooooooooeooeowoooa
.
L ,u‘,o“”wcoooooooo.ooocoooooeo<qm.uooom_,_eooo.ooooo,“_oooo.n_oooouaooaooooooenuo
|
| 11 ~ it ~ ot ~ 62 N [ N a N o z_ sz NN ¢ oc 59 =o.oooomo.ooooeon°ooo,o.ooeo
e e s e e L T : : S s o o 56 6o 0 olo oo o 0lo oo o ol emememe—e—s 0 0 6 0% 0 o0 o 00 00 0o
' i - i i 2 m.oD::o e 1 -(1.[ - € Zwemm (N(¥d QITIOUINOD ¥IINNO s g
7 h 5 o o o 5]o o o o o v
; LT T D INU NI ITref ol
| 6 6 0 0 olo o 0 o o -
I 7 (24 N €z N
5 o o o o v
i ?3:;0:nr_v|?|l$_u>u|, Ny - .u:wmoQ = mAH H " H Ho-M H H H H H H H M H HVH H H:H H H
! r——— H o o > o E) s o 3 o o ° o o o o av
POSOI 2070 T ha T S
o
or
- AR BE ! [ UL T T LTI ]
L ] ’
‘ LD DI TT] ! UL DT T T LIl ]
. v
' ov o o © 3 3 o o ©° o o o kS o o L o -] © © o
(ov 2 3 2 2
u=ooooooooooccoo olc o 6 o a
1Y K- t44 N (14 N 0z N 1 N
: > Jlor||o o e o cjo o 0 o ols o 5 o o|le a o o o
w o o » NY : : > i=
gt NS SNEPPHI T TR T DI ! [T
. -Hn -He %u H Fm XHC gwc WM ntm .We qu uwn nHw an ow n%- -Hn -H§j F—HONNINNS: A M o>x “ << -— % (34
e - FONE S ST BT TR [ [T
o 0 o a o e o o 6 o oo s oo o o o o o H v
H AMIND ABUVD 4 45 N\— IL¥IQIWW 1vHalY ‘
6 6 0 0 0 o ¢ o 0 00 0 o o o o n =
o L NI T DT DI IL DT T o] ] ! [ o
o o 0 6 6 o c s 6 v ¢ o5 o o o -
aQ-R>—1— a—>3—1—v 1
6 6 o o 0 o c o 0 0 s ¢ s o o oo o
! PRI TR D DT I T . [ [ LI
5 06 0 6 0 9 o 9 0 0o 0o 0o o o o o
-t 1no. ipvaol AUINT 11INAO o ¥ 13 z
R ¢ B il 9 Si ri Gl U 0 &9 89 0 99 50 re £ 65 95 5 o5 ss s o5 o5 is 05 e\ wfo o o o Or o @6 [ 90 SC 00 66 8 i6 O Jor @ 4 % SC W BL_ & ¢ Of 8L @ 4 91 §1 rl €l & L ol 6 & £ 9§ € & |
TR v ar 31 ot
3 e 2 AR 6 0 0 6 0 o olm
: sorwoz |1 T PLIDLOLOL e i iiirerireind
- v = o o 3 o o Eid
LITITTI S " o . . . 2
o 0 0 0 0% ol
L : v sines mm@mmmeto O [ ] ] PIOLLIOD LIt rrIinIrill
c e 0 80 o o o o o B e
- 139 -6 ol 2 JAlLYDIN—4 ¢ o f e 1 NIQYid ONO23S
S
ERRE N IBRREERREN T 2. . : PITTTLIoI eyl irntirintilgd
o e o 0 0 o o o 6 6 0 0 06 0 o o o o o o oo o °
— B 5 - o :.:Oul N N I It Rt
o e © o ©° © a © 0o © o o © 0 © o0 o©o o e|lo o o H H H
o B 1 POy s T
s e RPN LN A\ ' SO ° s1°0° (Kamyr. 0b-5¢ spaymutd wouy pajund st ¥ LIND —
oo o o .
.H. .Hc ,H. B ..H. KHQ QH. H H QHH oHc aH. vH. an uMe uH. .H- .Hﬂ | .H. <H. <h<m <H. N . PQUInNU 3ANNIISUGI YL, "SUndRNNS SKEM[E ST PIYM ‘¢ o o o
olo o ! tydt
i o s s——1 15150 N 127unod woij asndwr Lued v Aq 3uo iq PasesIdul pue 1no o o o
o o 6 o o ! !
; : 2
H H H H H H H, H H oo : m “ . o o 0o o o o ol pEAI ST IAQUINU Y} ‘I2JLAIBYI A paed AIdAd uQ p o o o
e ‘
o ) o . - - o © o
H. ..H. ,H. uH. QH, QH. VH. UMH .H. <H. %% <H, e oo o 0 o o Jaquinu Sunreys ayy jo Sunuud jusasid o0y 3ph> v
o o o
SR N ) " o ofc o o o o u.!ﬁo;.—oln swes oY) uo paspndwir st INDMd-NON [ 1012738 opd jJo
o o o 6 o]o o o o o] 6 5 6 olo ofo o oloYe oo o o o o o — | oo
5| > > > > Wt o H apIs palldjsuel) 2yl yY3noiyl ppe 0} INUnod Yy} S[o1uod H H H
° O-O ° ” ° ° Oco ° M ° Ono ° “ ° ° ” ° uno ° “ an..uﬂ»UDD-(UL m % . 3 iINnn——
6 6 0 o 5|0 o T o o o o_o 6 o o o o oo 6 6 6 0 o — | o H aspndwat sap4> paed v [ 10109[95-00 JO SPIS palidjsuel) o H H H
' » m-0>v:um QO -6 1X3 s Wi
— N oo N oo N —o N oo 8nox I2)UN0D OJUT SPEIX ‘Paed I3pEI] 9Y) JO (R8-9/
fll w n w v ,.2Lux az< :x ;m_vhia_lm:uc Tso:L | I : p_u Mmmv 1 . ﬁu — ~ _ : w Om ..vl ¥ LIND s———
[ F N g e ° o e e @ 00000 00 fo—olo—olo—olo—o o guwniod ur payound ‘Jpqunu Junueis sy ‘19ysuedl |
10mwss|  —auvs MRS S ‘ o Leoms ] 10109195-00 pue [ 1019p3s j011d ‘9p24> I%0U Ay uQ g
o o o -~ © o o o o o o o o o o O——0 o—C o—0 o ° 0 -] L]
ﬁ NO or Ty e Y. —0t— P . oL ILYIGINWI _ uOuuU_Um zoxxouo °
N S o o o o o oo o—o|o—o
4 U - B ¢ . € NN
S T s e o, oo oo, oo | oo | 1 [TTTTITL sond dn spoud peeo sopeal ow wr wund x our g ¢
s ’
"l or o5 0s oot oo 6 6 6 0 6 6 0 0 0 0 o 8 o oo o—0|o—0 o—o|o—o ! 5 o o o "NO 2Q ISnw yd23Iimg [BIO] [eury 2 A2y B0 o o o
! - : L > Py
284 W5 TIONINGD NWAIOD JNgs ot s e p— s s N SN IDVINYO e g d R d = Mz_o -
5 Jmples g o o 0| om0 o—o|o— .
o wo AT R - o1———n¢ , ’ ov e e o Y [eul] 3yl oulssaidop Aq PpolreIs ST UONEIIdO 241 21033( o e e
o0—o0 ©—0 | 0—0 o0o—0 | o0—0 < o o
orlor ° e e H H H H H H H H H H H H H H H H H H H ¢ . ‘ 19531 101IP AQ PIIBI[D 1B ‘193UNOD KLILD Y] ‘YE IDIUNOD  |mmmmemmmn
© o o o o—0 O=—-=C o—0 o—0 o—o0 4 o—0—0—90 o—0 o0—o0—=0]
o Ve - - ¢ . Lissnews 1010 s vl pye ‘I19JUNOD I2QUINU IATINIISUOD I} ‘g9 Idjuno) | S
o [o o o160 ool oo ool oo’ oo|o—o|ls| oot e exolo—s"d !
LTI T ﬂI_II_II....HUH::z_ N
n//v A ot .. e o u:- 1v34¥ 1Nt P_xh sz 11X3 ONIWYEWO ] o o S e o T s
o o 0o 6 6 0o o © © o © ©6 © © © © 06 ©0 © O o—0 o0—0 | =0 || 3{F 0—0 o—o — ooooooonoo.ﬂ»zwuu_:wxooouoe °
S SINOLNS 10N =N ONdRO ==Y y N I ¢ e u:z AR o o o6 5 o o o o o o o 06 6066 o oo o o0 c o5 oo o 0o
%/////y/y//fnx//yf/vf/yﬁ [ R > uoa v o st w o or 56 o8 I
i/v o—0 o—0 5 0—0C o—0 3 0—0 O—0 v o -] o o o o o o -] ©o o o o o o o o o Q o o o o o o o o o o -] o o o o o o o o o
- — ——————-0z -- dNN3te SNOLINIS O 123138 U ONIgYIT L s

rinting

ive-Number Pri

secutiy

Figure 16. Con

18



. e . s s : . ::os e e o ocos noa
ST R ‘(Bunuud dnoid) N 10 Bunuud [ n_
N PR T2 = et e s 2o o o} [EIBP) I, 1N 01 p yomg uonerdny Sumoas iq Sunuud dnosg [V

cosesesre e e e el oy Sunuud [redp woxy padueyd AppPmb g Lew uonrerado sy g

. A aoaT uuwn St oe “(s1pquinu Med e
: L LT e S o % e s a0 o o 0o 5 ¢ o o
Toringd inmms © | -1idnp) [enbd are ¢[-1 suonisod ur paredwod SpIEd IAISSIOINS OM] UIYM [t e
AJuo [ewsou ST [ 1010335 10{Id "¢ L01II[35-03 JO IPIS PALIAJSUL) Yl PUR  [oio 5o o s
1 1013as 1011d jo aprs [ewtou 3y ySnoayy syuud (q 1913 YL, g © 615 o o o’
il
'g 10123138-00 pue ‘[ pue ¢ s10193(3s 10[1d Jo sopis pawwy [0 fac © ° °
: o o D S g st T s ssuen oy ySnoayl raquinu paisip 2yl opisaq syuuad 10119 2y /. ceL T
B T T N N R R o 2.
¢ ~ t N N N « N 14 ¥ o»&o W ¢ 10103)
R : e s T oo Tl s s se s 5 o ole o cjo ¢
¢ - ¢ secizins © ¢ o 3751 -as 1opd jo apis parysuen ayr ySnoxyr ¢ xowaps toid dn yoiud ¢-f

o o s11x2 Juuedwod ‘SN0 $ILIIS IATIMIISUOD IY) UL YRIIG B UdYM 'O
‘pred> Summoroy ayl s darduwiod 01 DG 10 v B JO S1IXD

yound 121unod smope ‘G 10122138 J011d yim pardnos ‘g1 10131980 ¢
‘s1a1unod uonisod-g om) axmbar pmosm 9pdwexs 1oj
‘pquinu N8Ip-g vy "pasn 3 Jouued s1NUNod 3yl jo suonisod 1xs 10
Anua 1apro ySiy ay1 ‘(No sduereqg daneSoN) 1I9AUCd pur 1PRUGNS 01

Pallm OUB SI2IUNOD Y3 2dUI§ "Gi-1] pue ¢-[ suonisod Suuedwod o1 osfg |° 3 ¢ s
- puE ‘N9 PUR Yg SILIUD ISIUN0D O) Pailm SI G[-[[ SuIpear 1 ‘§ c “
X ‘ar-unt Ay U0 —i— (-
79 PUE V¢ $I121UNOD 13S31 01 IIPIO Ul AIESSIDAU IIB SPIED YUR[(| OM] H H H [
::,m oy -Surpesr puodss ssed spreo yue[q om) ayl uoym Supeds pue Sur H ? 1 H,
uud sareUIID INPMI-NON 03 9pis [ewuiou 2yl ySnoayl aspndwr sspho [0 4 ¢! °
pied vy a1y oy apadaxd jey) spied juepq 0M) 3yl 10} [PULIOU SUIBW .H M H H
-1 10109)9s 2y ‘paed payound {1219 103 ¢ 10199738 Joid dn syord ¢ |- .
. . Surpeax s11{ "¢[-[1 suwn(od ur payund ST IdQUINU JONUD YL g .H M M H W

*£119211p $19501

VO I2)unod pue £[0211p SPBHYNS 7)Y IDIUNOD 'PALIIJSURI] ST 1010908

Yl uayA A[I21IP $39SII )9 IDIUNOD PUEB A[JOAIIP SIPROGNS VY 121UNod

‘[eULIOU ST 01023 Y] UIYM ‘A[UO $3[24d paed uo (g) 1131p paywo ue
WOy SISe( J)BWIDI[B UB UO JIdJSUBI] O) PAIIM SI ¢[ 10123[3s 10[1d g

‘[BUWLIOU ST 10123[98 dY) Jwl Yd1ys Je Ino-unt ay) uo

s1a1e1eyd [eads oyi 3o Sunund oy areurwrp o) st asodind urews sif
asindwt (324> pad-02) HNH-0D B Ag dn paydrd st g 1010(0s-07) |

< T
o .

9

19 98 af ¢ or

to—o] o—o o—

oo~ ]—<]— —

| o -

| s 5 .le:_L

! 5 o o S N P .

, . s o o. —

! 2 o o~ 3 9o ohn ERRE-I I o o o 3 ¢ 2 3
o6t 51 4 200 <

" o : o o o o o o o 2 o S o

,\o\.A\w\u
| 9 =vERRIE PRSP
! Sy 2
o o o F|
> .::LS._
o s @
, | R P
o ¢ o ,oloﬁolo,
1

Couxalowswil o — |

i

TR bR/
T o -
B

|
}

o—=0 1 O—D0 w|lio—0 o—0 o—o0 o—o0
e - dIXS LYOMS - ——
58 oo

T

oe 00O rD ©

°
°
o2

o—o -
Lisinews tsta- @ wixa nivigiww
|, —0—0—0 030 o0—o0 o—0
1374005 1¥1438] 4dNS MO O YW
1 Lvadly ,ln_
Sty T ST T
lmozl.::-ralxl:_:m ::uo:

o
10118

Lt LeTRIA

o>
< ' S¥0121135 11210 -

g ot - st o1 - ONIOYIs ita -

19

ontrol

onsecutive-Number

C

i.

Figure |



uviawwl

L3VHITY

' UONIPUOY JO DIBD SIYE) ‘Say
og 1oddn oy poum ‘s7

'1A
uontsod jo gny tomop oy,

L} L] 3
5 o L] o o o o Tma_ o o 0 00 o o c o
S0 o w0 M o g
o o 6 o 0 o © ©° 0o © 0 e o o T™e o 0 o 0 o o o o—
- — — Y L AUINT sf
© o o o o o o o o bl © 0 0o 0o 0 o 0 o o0 000 00 ¢[00 00 0 00 0 9 000 0 33
o o . s s—SWALTIA ot < - — —> e
°o o o ¢ o P " o o 3 © o o o o ° o ° o o o o o o °o o s o o
N i :x: I 1X] HONNG IOVHO | et Sy [N
© © o o ©o o © ©°o © © “ © 0 0 o 0 © 0 © 0 0 0 0 © o o o o 6 @ 0 0 06 o o o 0o o 9 9o ol
st I3 n . a oc < I 55 o5 5 )
o e © © ° o o o © - ° o © o o o o o o ) ©c o o o o © o ©o o < o o o o o o 2 [ ° o o o o © o o o © © ) o ) o
TOWIND2 INI¥d O¥) Temm——tYLNI HONNG ABYWWNS ”
o o |(m| o "ooo_oo o e"o o_o ° ooo“c o ojo o o o-,o °o o o o oo...oo s'oc o o oyo o
z L 2 123 L x4
o o || o 350 o ofo o 0 020 o]0 0 o 0 910 o 0jo o o olo o]0 o o 0 o0lo o o]0 0 0 5o ¢
1 (13 L ' ' ¢
o o Jo[ e eofe o o]e ofolo o o ofo ojo ofo olo o o o o 0Jjo o o 0lolo o o o)0 o o ool
. < 2 . s S v .
© o [s1] o o 645 o 0|0 91a|o o o ©'0 oo ©lo oo o © o o oj0 olo oyo o o o oyo olo o ojo-
X3 HINM¢ 3IINNO v 3 ¢ | —
[o o o ¢ olo o a o olo oo o ojo oo o oloo oo gjo 0o o0 2loo 0o 9loo oo ofmlooo o oo 0 0000000020000 o000 0002000 0000000200
3 3 > b > 3 3 2 ozt i ont so1 oot s ou e
© 0 0 0 0,0 0o 0 6 0lo o o o olo o o o 0jo 0 0 0o 0lo o 0 0 ofo o o o olo o o o o |vffo ° © 06 o 6 6 o 6 o o 5 6 © © © © © © 0o 5 0 @ © © © 2 0 o © 0 © O ©° G
13 . it N ot N 13 N t N 113 N 9 N sz N s o e o s I s |
e o o © © o 0 o © oo © [ 0,0 0 O o 7 o © o o olo o o o ojo © o © o|c o o o © v o o o o o o o © o o o© © o o e o ) o o ) (=] o o o o o o o o © © © o Q o ] c |
L 1k R P! :9 nis o 1 1 1 1 om—NI3d QITIONINOD ATINNOImwmm s
© o 0 0o oflo © o o o a o
3 2 H H 1] P MR HY |
o o o o ojo o o o o xv
113 ~ [13 N [13 23 13
o 0o 0 o ofo o o o o My i
—— 31D A nv 12313570 i H H .-H H H H H H: | » ' It
o o © 06 @ 0 o o o av | |
bl AWING € TINNYHD L) 1 4
v |
H H HowH H H H Hu-H H H H HVHH H H H HVQH H H H HU‘H H
o © © o o e o o o v
s S aus ' RO
6 0o 00 0 o 0 o 0 B | |
Soctuns 1 7 WL TT I . W1 I
©c 0 0o 6 o 0o e o o w :
s ¢ ous — 11X1 FINNO —
c 6 o o o o e o orffe © o o olo o o © ©lo © 0o 0o olo © o o o/o o o o olo o o o oo 0o o o oo o o o ©
5 z :; ravy 3 > > 2 uu bl > 3
o o o ? ° wllo o o o o|o © o o oflo o o o _olo o o o olo o elo o ¢ o olo o o o olo o o o o
-w.—wl_ AL 114 N (11 N (13
IL ovl[fo o o o ofo o o6 o o]o o o o
i@ H 3] 1 2 UONIpUOd JO IIBI SIYR) ‘¥l
c o o ny o
e: ‘sog. ¢ H H H H H H wr H Hx.H H H H H H H:H H E/H H -1 pue say ey ‘L2 uonsod Jo sqny romop pue addn
Sl 8ls wje 9o v[g vje vj v xuz:. wns 104 xINp—— - — —y2 B .
H H H H M. H w H H oo o o : JO UO1P2UUOY) "¢ UONIPUOI JO d1e) oYl FuLM [01]U0)
01— e e s —— 100 Q¥ o Hu H. H« ¢ 3 v H H o SH H H
o o—p—o—0 o uE:Q.O._UN [ewro

!
IO T
l

o—o

ot

LITTITII

—

TITITIIT]

1DNVIVE s——1AILYOIN—1
o © 6 6 © © o o o©

—5—1—v¥4a—>—1—v¥
o o © © © o o o © ° H H H H H H H H
x x
© o 0 0o 0 o 0o 0 ° ©
g 1n0: 19v¥0s

S0 re e i 0L o9 w4 %W s\ 05 o0 0 Iy o S e o v

M D8 OF M 4¥ W 1% O At Qv ar Sy s 1C 99 1 VH <%

6 © 8 9 4% 5 o % © © o e o o © o o © o 6 6 o o 6 a o o o

PNYIVE IALYDIN

00°1§ URY1 $$3{ SIUNOWE I0J PAIBUIUID
3q Isnw (SIUPD I0J JOU NG ‘SIB[[OpP 10J) SOUdZ D
‘srefiop 3o 1ydu o1y 03 wind snw so1dy7 q
syutad Junowe
ue 1oa0wym Jund snw Jutod  pewwop v oe
:paziudonon
3Q ISNW SUONIPUOD DI L, "SGNY JOAINOD INIMd ONdZ
ayy Aq pajjonuod st Sunurnd otoz pue pewna(q
08 AMLNH LNDAA
TVWHON 0) [OQuAS YSLIDISE dUl pUB [/ AdINT INIMI
TVIWYON 01 patim st uonendund [ewpap Sy

‘64-8L puv g/-pL

INTdd  GITIOULNOD-HALNAOD 01 PalIm ST 1Xd 1djuno)

oy 94> werdord 1out B ur 12$91 pur N0 peatr ol

pue ‘pied {1045 woyy ppe o3 pasindwt 1 121UN0D O]

‘49 AYINI ¥ALNNOD O} g1-¢1

21242 owres o) Jo pud dyi e [ew

-1ou 0y suimar pue ‘Ofueyy weidord Jounu L1040 v

Arerpawur dn syord 101919s-00 ay . 9ppi> weadord

Joutw e ur Ajuo syurid [[B101,, PIos O4) IBY) 08 T1dA0D
wvanord doNiw e £q dn poyord s1 g 1019p0s-07) g

palim oue sumunjoy) “f

11-10 AINT NI
TVIWION 01 POIIM SI (§ 10133[38-0D JO NOWINOD YL, G
‘6 10109[25-00 JO OPIS paldjsuell dy)

01 NIWD oY) ur sqny Surpuodsoriod oy wory posim

are [ej03,, piom oyl dn dyew 1ey) SI19110] dYL
IMO[D( UMOYS SB “I2NTWD IR ©
woly , (.10}, piom oyl jo dunuud sosnes Furim sy,

INVIY S——IANYDIN—
IR EEERES!
© o 0 0o 0 0 o o o
101N03 s 11903 —
o o o o °
::z:. 5 m_._x_s\‘
6 0o 0 0o o o
:22 s———sn1e———
3 H IR R
S —AMINI-- - s —— 1030 -——]
t
1\ H LT[, /4 .
L ° o lnljo o o o o © o o 0o o 0 0o o
Sy S pr—— < N . R oz o
° o Wel[o o o o o © 0o 0 0o 0o 0 0 o
xH. .H. e H‘ He xH. vH. uH' _H- .H. _W .H. QH. an oH‘ n H H <H. ,Mn <H< <H- »oA w o Sz 0L
° o As|[o o o 6 o0 o 0 06 © 06 ¢ o ¢ o
3 5..18':'-:::0 ) -
© o o o c|lo o o o o o o o o o ofo o o|o o]o o 6 0 00 o o o ofl¥|o— |o—
bl 2 2 2 2 k] k] 2 i 41 hid) G H H H H H H
© o 0o o ol o © 0 olo o 0o o ofl0 © o|©o o o clo o o|o olo 0o o o olo o o o oflo|]Je o o o
. ~ ¢ N 9 N a N v £ N z N ' N $11242 awvd
© o 06 6 6/c © 6 o 0|0 o o o o|o o ° ° clo o olo olo o o o oo o o o ofl¢f o—o]| o
: , e 111111
© o o—o ) ©o o o © o “ o o o ON Oo—0NO—0ON O—0NO—0
N v ot e 51 Ny a1 :G:, e S117105 s e 3 s |mos-ol | | e ¢ i
o o o—ofo o o o 0o o o o o 0o 6 © 0o © 0 0 © N[l o—0lo0—01l 0—010—0 oNc [
TN B > 1 0 i 1 s 4 u13] s o
5 o —oflo o o o o o o o o o 0o o 6 © 0 0o 0o ofo—0|o—0 00|00 owo|0—0|W|o—0 o—0 o—0 oo
R [ | Sliataliat S
o—ojo o ofe o o 06 o o o o o © 0o 6 0 0 o o 0o ofo—o0lo—o0 0—0|0— o—o|o—o |l c oo o o
dens | 2 _:m ot e . . Sl IVIQIWN————————
o o—=| o—o © o0 0 0o 0 0o o o © 0o 00 0 0 o olo—o]lo—o o—o|lo—0 o—ofo—o|>» o—o 0o o
Lus as]  cvmitdopovas >4 S 3 ‘ y [ H TTT1T1TT
3 oo ot ototfo o o 6 o o o o o o o o 6 0 06 o 6 0Jo—o]o—o o—olo—o o—0jo—olr o—o |0 o
NO N N ’ . 5 —— -—a T
O | ©or oS OF 0L OF Osj O o o o o © °o o o o o o ¢ ¢ o © o o ogo—<C| O0—0 Oo—0 o0—o o—0% | 0—0 ’ o o @ © o o o o © Dg 0_|0 o ©
D24 1SHOUINOY NWNIOD 1NdgFoE——  ———— = &1 - — o 1 ¢ s 0 omm— 1S 3OV 143V mmm X ol 14
o o—o0—o0——ofo © 0 o o o © o o o o o o o o ° oflo—o| 0o o—olo—o o—oflo—o|H]jo © 0 © © 6 o © o © o o o o
ity s v Re et \):LI.TI..(_EXEII v ’ ot e oc
eoounHH o—o| 0—o0 o—o]o—0 o—o|o—o|[5||o o 6 o 6 o © © o © o o o o
. ¢
co o LITTTITTTTINTTIT DD ) i 2 =
et per—— Si— - o 4 | t ISINGWI 11910~ @ §IX] 3IVI0IWW|
° ; o o oio H H H H H H H 0| 6—0 o0—0 0o—¢ o0—o 3| omo—o0—0 00| 0—0 o—o a
[y JRgRS H H M H H H H H H H H H , . L 14n0> Lvien| 4ens [motro ww //u
! aQ o—o| 0—0 o—o|o0—0 o—o a u o—o o—o |o—o °
/n/ ot JE— m ° ° By vy a 1Nt Hle oe———
_o © 0o o o 0 0 0 0 0 o o © 0 0 o o o o ofo—<c(o0—0 o0—0|0—0 o— > r o—o | ogo ——r""7 o
0! em— 5 Y0 153115 10114 ® (1X] ONI1NO I § e— u n OlSmm 1uy Sem oviHall¥V1s Wy 3D O0dh o ¢ mum—mf
/ ofo—o| 00— o—ojo0—o o—o|o—o|/sjo 0 0 o 0 05 06 0 0o 0 0o o 0 o
?%%/7//%%%// ./ya/”/“/// U T T T o o o
N o oto| 00300 | oor0mo|oollv|]lo 0o 06 0 0 6 06 0o 0o 06 o o o
4nXItd SXOI2IVS O — ———— §oo e e - S¥O123S L1010 ————— Lopm-i— - st - Sm —— ot —-

os X 3

© o © 06 0o o6 © 6 ©6 6 0 © © o o @ @ °© o o o o

0r  -— - ONIQYIY 1S3l —— on

‘inting

cr

haracter-Emitt

¢

Figure 18.

20



- - ————— P T T S T - S POt s > O————C

v z ] k) B H B H = £ H 2 B B 2 ] a T B z - B B B —_————— = < H 3 = z = > > o 3 o N B 2 e e e e a7 I OO G
, 2k S - T I [ , e T o

o - o S k) 2 < H 2 5 o 3 < > el ) < 2 z 5 B B N ~ > = : - : b N b N N B el b 2 2 =3 3 < < 7 < 3 T < [} > < = = - g Bl < 2 - < = Bl <
[ - 2 = < B EE < 2 B ° B 3 B4 2 = < - - - & - - 2 ° - - < - - - - = o o oa a < < o 2 > ¢ o ¢ = c © Y N a L] G v E o > 3 o C -]
: — e - S— - R - - - - - — N — | — ) HING S:ozlall I
R k] = N < < = > o < 2 o = o ) =) > < B = < B o o < < 2 El < > o o - v Bl H > El o =} Q a o =3 o c 2 =3 I3 o o = o = o E) 2 o o 2 © o o 2 o

sc n I o N3 o Pe st 13 N s o o n s ‘ < 3 o T or I 0% s
AO:zOJ Intae 0¥l lem—Lt Y IN] HIND ARYWWNS

| "o o o] 5 G 9’6 olo o o 6 0lo o 0|o's 6 6'c o o a o 0 0"0 o olo o o o%a o
5 R " 7 9 —L | se— L re—2 L re—t
: 5o o 55 S M50 e[ @ e 9¥5ie o 5 e o 505is o]0 o o o eje o oo o o ole o
So o 5 o eicle o o cfe olo o o 5% 9]0 © 5 9leio 5 o 0le olo e olo
e ]
e 5 oale. 0 5 o 0le o o e o o o'elo o o v’a o o o 3l olo o ool
¢ 11X1 HONMG BIINNO e ¢ 4
- B B B B : El B ER- 3 PR E] H o = -] B R 2 w,u 2 2 2 w 2 9 5 ° W 2 2 2 a © © © o©o o @ © 9 o o o © © © © o o © 0 o 9 0 ©6 ©6 © o 0 o 9 o *
3 . ! N o
”U“”wAUUHWUU”UNuoou00uuo“uooouuuuu000u s % o 3 0 5% o 00 0 oo o o8 000 o oo o asc oo 0o o o oo
N 4 el N £ 14 N s sr
T T T T T T T S B P e I s
. 1 1 m.O u:wm c i 1 1= « SremmmiNYd Q11TOWINGD BIINNO D) ety
T s v e s 4T e s - ,
: ’ DIITI I gir - i iy -1l o
o o » 8 ole 3 3 0 2 : k
re N 34 N L it (14 Sz L 23
REMERITRS gy e amemmp i mps ) (ha pumams-arty L oD 0 e I I
> 5 o 5 5 0 6 o o o o ams weaford
A A (Y R TV
- > o ssaipiedar aanerado st Suiddiys mopioro ‘opdwexs sy u
S5 ! ! sutddy !
. S e s 0 0 0 5 o o ]
; . o ¢ s e aurp panop Ay Aq umoys
" o = o o o o o o o © o I
, Do nower s e s H H se “10323p9s Jop1d ayy jo apis TviaoN 3yl ySnosy asindwr sapso
‘. 0o o a .on“:n s 5 o6 0 0 6 o Mo.“_m o s o| P1E Aq passaaddns st spaeo-xN 10y Supeds pue Junuug s
: . T : . )
. R o o S oo s o o o os o L o| 10193138 10[1d 231 JO OpIs AFMAAASNVUL YL YInosy) asindur 35O
- 0 2 A @M O O — l,lIu.Ix o — —— ] | § eme—— N - - .
B H w 9 H H H i H H H H H H H slo| pieo e £q possoxddns st spres-x 10y Suweds pue Sunuug -9
Lo L s s 5 o o
L R e S —ONY ———$ - 170 avis — PR Mn Hu H. Hw H H ‘uoneys
EREE ? o—0—0—0 ¢
AN b o ol o QH‘ uH. an uHe uH‘ .H. .Hn .Hd .H. <H. ‘Mﬂ <H¢ <H< B AR -1 Surpear 1s1y oy 1e X ue woiy dn poyord s1 ¢ 1owajos Jop14
e . PRI 5 e trs N 1N N VRSN DO [T I PIIIM OQ 10U PINOM DIIMS IST[ Dy |
: > e s 4—aivigiww RITTTILAN " : ‘ o
o 0 o o
Y PLTTTITIN T [ 61 23
3 . .
° ° G—2—1—¥ 9—2—1—v m .'v
PRITT TN I
x x
0o 0 o s aaneradour st Jurd
i 11 O 19 ¥ ¥O 1 d . . s ord :
R O A AT AT S T o e w & w o IS MOPI2A0 ‘PAIIM JOU ST 1uv.Ls Wvianoud J1 ojduexa suyy ug G
muq as 00n noo QOv uo- uua u0< uo- -0- -On -< I ve \n Y9 fvry 6o 06 0 06 0 6 o o o 7 w H H H H H H .xz I,m ﬁ_ ——Uﬂ—?’ H H H
Lt e e NOWNO)
H i H H H H H H H H R R A 1 s droid e jo pies s1y oy woyy Sunuud soreurnwrp siyy cf
! 2 o |lov . o o
Y s oIoL_—||°m,§° 010 Y 1 H H H H H H LNI¥d 0] 1032913$ 30[1d 31 JO OPIS dAMALASNVAL DY) yInoay) H H H
o & o o o ° o © 0 o o o oo o o old¥ ]
f o ——— o —nfive s g $ombm 1270 %o . wlok |bor———q  paxm st asindwy 5345 pres v ‘poyunad oq o) e spaed> X I g
LS S S SIS S 1 5] > 5 . {111
o0 0 o o R NI ERE L IR RN uones
' N £l N i3 N n D LiIND——
o o o o o o @5 o oo oo o o|o o|t|s o s|o o o] Jurpear isxy oyl e X ue wory dn payud st 7 10123135 1041 7 H H
§—— = Xy i Kt 1 1 * - N
o o 6 5 o o oo o o o o 4[] om0 o] . o orer -
°o o oo U_ ° o o ; : S Sunund dnoi8 10y 440 paum st ase1 o] [ S
o d oo o|oo oo o . . o o6 o
wHe QH- an qu n_H‘ e UH me N 3 N ozt s %:N::O: PIIIM ST LYVIS WVADOAd pue
o 40 o 5]e o'o o o wlo 06 0 oo o o o
19-—r— i A o-O-ou:Mm ow — M,o pari A an- o o o o no~ ‘AYINT INI¥d TVIWIO 03] PolIm ole —VU.—:WH& A 0] suwunjod ayJ, o o o
[TIIT
o © o6 o o 0 0 0 0 © ow= o o 0o o o o 5 o o o
. < . 5 v t 12 L Qo 7 A oz s
S PSS S A 1Y Ver amang |, ..,
H nH- an aH. H Xpm A NoLos ¥ D 4 O N oW or $¢
o © ] o o o o o o o o o3 s o © o o o
N O ¢ | s Y3 (N1 1 e Y | semved| Loy I Lo A ULNT INT14 4315N Y81 s § 1 e
o o o o ofo § 9j° o © o ofo o o o ofl¥ _l lo—o
: : I : e PITTTILT O rrrrieel
2 °,° ° nle RTINS ERL Y L N ' —s
: 0o o a sle Sio o o o 5o oo o ofls| oo
; ] 2 : e PITTLITT It rlineld
2 B -] Q o o o < ON o—oNo—oN o—0 NO—0
[ 3N 1 YW ol e 3K GNY BIW 1433X3 MmO of 1 | 1 A¥INI 1DVUOL S am—y 1IN com—
= = 2 Bl © o—0 o -3 o o ] o -] o o e N 001 0—0 1l O—0 [ OO
2 ERVE R B 3
¢ c 2 9 © o—o0jJo © © o o © 0 o o o© o—0C| 0—~0 ©0—0 | 0—C 0—0 | 00 lw o—¢ o—0 0—90
0IMASE —auvd asu W ¢ ¢ 4IXS LUOHS H
el ofe ©¢ ¢ ¢ o © o o o o o—0 I-I o—0¢ o0—o0 | 0—0 1 o o e o o ©°
. i 4 . uvia
LS N_ﬁwooooouoooooooowoo II,IIII.H H.H“HHHHHIOOO,O_OQQcuoooouoooouoooowo.&u&wo
M 45 LYl ——1dvis—4 2 i € i13 oL 51 o . €N
H o ol 00 o1 ol offo o o o o ° o o o o O@O ° - o o 0@ o—o IaI I-T:O o—0 f H H o—o | o o o o o o o o ° ) o o o -} o o o o o o © -] -] o o Q o o
va WS TI0ULNOI NWA10D 111d§JoL =i s mmet g s s ) 135 15 V13 YD e e 1 01115 1A ¢ — ) —
SRt S S TS 0o o 6 5 5 o o 6 o 5 o o 8 5 o 0| o0 oo | om=o 00| oo || u Fa A e I O R B A R S S i a e e e el
| mo.~o; 1xa ms wiv for JvigIwwi— . ' o ¢ o i or I I
ol ouo:HHHHHHHHHﬂHHHHHHHH 0| 0—0 o—o|o—c o—o|o—ols|lo o o 6 o 6 o o o a o 0 o0 6 o0 006 o 000 o oo 00 oo a oo o 00 0 0 0 0
Loeons ‘ c o awin
- o o owo 4 o] oo o0 | oo 00| o—o |4 A I R R R A R R
,:W@ oo © -ne o] 7 3 : | " tlasinawr 1o IvIoIwW| AVIND ON(NYAWO
! o o ot1o ool o—0 o—0! o o—o|o—0 i3 , o—0—0—0 | 040 | 0—0 06—
151 em— 5 #1)7Y e— H H H H H H H H H H H L i " ' 14n0d —(:-7 .;Dm MO0 vw ///ﬂ//yﬂ////n/yn/w/u/y/yu//ﬂ///yu//w///
/VM P p 0 o—0 o—=0 o—0 o—0 , O—0C a
i . AR o e T H H M H
B S o o o o o o o o s vleolo,oleolo_olou s © 0 0 0 05 o0 o o0 6 o o s 0 6 o o o 6 o o o o o
. 0l c——— 0131135 .o:.l:: ux:.:ou| i " .dOLSmm LYY LS n:xL::m wy M
?//“//A/H/U/#/“/V/// o—o'oo]o—o lule o o 5 8 6 6o 8 o 6 6 o & 6 60 o e o 650 S o o 5 o o o o s o s
N Z//V////// N P e s 1 D A N P X
. o 0 0 o o
| -2 v e seormt 0> e M hand Rand SondSond hand hand S b S NS S S A

inting

B. Detail Pri

ll][lllg

A. Group Pr

Figure 19.



Character-Emitter Printing

Digits, letters and special characters can be printed,
even though not punched in the card, by the use of
the character emitter.

FA—!—C—D—[—V-G—H—I—J—K—L
fo 0 0o ©o © ©o 0o 0 ©0 6 0 o
MM N o P Q R S T V] v w X
'o o o ¢ ¢ © o © © o o o
'Tf Y 14 [ 1 N bl 4 s 13 7 ) 9
g0 © o © © © o 0o o 0 0 ©
Re B § . . - ¥ & a %
]l o o o [} o © o o o o
S-17, 41-52

Character Emitter. All digits, letters and special
characters are emitted from ,the CHARACTER EMITTER
hubs during every machine cycle, including run-in,
run-out, and finzl-total cycles. For printing, they may
be wired to NORMAL or TRANSFER PRINT ENTRY directly,
or through selectors. For summary punching, digits
may be wired to counters or SUMMARY PUNCH ENTRY,
letters to storage units or SUMMARY PUNCH ENTRY, and
special characters to SUMMARY PUNCH ENTRY. Special
characters “&” “—" and “/” may also be wired to
storage units.

Figure 18 shows wiring for emitted-character print-
ing.

Print Selection

Detail printing and group printing in the same oper-
ation can be controlled by the use of PRINT and NoON-
PRINT hubs.

PRINT

o—o0
NON.P

o—o0

AI-A], 51-52

Print. The two common PRINT hubs accept card
cycle or all cycles impulses to cause detail printing
when the machine is set for group printing (LIST OFF).
The cards to be detail printed must be distinguished
(from those to be group printed) by an X or digit. An
X or digit cannot be wired directly to the pRINT hub,
but is wired from first reading to pilot selector pickup.
X or digit cards are printed by a card cycles impulse
through the TRANSFERRED side of a pilot selector, and
NX or no digit cards through the normal side. The
PRINT hubs control all 120 printwheels as a unit (Fig-
ure 19A).

22 IBM 407 Accounting Machine

Non-P (Non-Print). The two common NON-PRINT
hubs accept card cycles, all cycles or program impulses
to prevent the machine from printing and spacing, re-
gardless of the wiring to the printwheels. When the
machine is detail printing, cards with distinctive
punching can be prevented from printing by control-
ling a card cycle impulse through a pilot selector to
NON-PRINT. To prevent printing and spacing during a
total cycle, a program exit is wired directly to NoN-
PRINT. To prevent printing from the first card of a
group (group indicate elimination), the minor, inter-
mediate or major first card is wired directly to NON-
PRINT. The NON-PRINT hubs control all 120 printwheels
as a unit (Figure 19B). An X or digit cannot be wired
directly to NON-PRINT.

Offset Total Printing

It is often necessary to detail print amounts from one
set of printwheels and print their total from another
set of printwheels, directly beneath other printed in-
formation. In the example shown in Figure 20, the
name of the insured is printed from printwheels 11-22
and the amount of insurance from printwheels 24-29.

The total amount of insurance would normally
print beneath the detail amounts. The total may be
offset (printwheels 14-19) as shown in the illustration
by wiring the counter exit through a co-selector so
that the exit impulses reach printwheels 24-29 for de-
tail printing and printwheels 14-19 for total printing
(Figure 21).

; NAME OF ‘"82"7
Poono INSURED INSURANCE

EVELYN SMITH| 1,500

..~ " "RITA GREEN 2,500

"+ JOHN HERRON | 5,000

* DONALD GREW 2,000

- TTOTAL ANT. INS.
| 11,000

Figure 20. Offsct Total
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Figure 22. Group-Indicated Report

Group Indication

The printing of information from only the first card
of a group as shown in Figure 22 is called group
indication. In detail printing, normally the indicative
information is printed repetitively from every card in
the control group. In group printing, the indicative
information for minor, intermediate and major prints
on the first card of every group. This repetitive print-
ing can be suppressed by selection, by use of the trans-
fer print hubs, or by printing from counter exits. Each
method is discussed in detail following the explana-
tion of the hubs that are used for group indication
(Figure 23).
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M-0, 73-77

First Card Mi, Int, Ma. The M1 (minor), INT (in-
termediate) and MA (major) FIRST CARD hubs emit
cycles impulses for the print cycle of the first card of
their respective program groups, regardless of whether
the first card is a detail or a heading card. The minor
first card also emits a cycles impulse for the first detail
card following a heading card, regardless of program
change. These hubs are normally wired to counter
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Figure 23. Group Indication
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Cycle Count—Counting, Programming, and Pr

Figure 24.
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plus to add the first card of a group, or to the pickup
of a co-selector, or the transfer print entry hubs for
group indication.

There is for each program a first card selector that
transfers automatically when the corresponding first
card hubs are active. These selectors can be used to
select card cycle impulses to control counters, card
count impulses to enter counters on the first card of
a group only, or single card columns to be group
indicated.

1t srem
P o= |
- — AN LR FRINT ENTRY commm— 3 P— ) a0
= <o o © © =} ° -] o o ©° ° o o ° o o o o o
53 . . vs 0
° © [ © © o o o ° o o o o o o o o o o
" 100 s s 10
=] o o © 1+ =] ° ° o o ° o o 0 [ c ° o o o

R. 39-40: $-U", 1-49

Transfer Print Entry. These hubs are another set
of entries to the 120 printwheels and are active only
for the duration of the impulse reaching the two com-
mon TR PR (transfer print) pickup hubs. TRANSFER
PRINT ENTRY hubs are normally wired from sEconp
READING through the PROGRESSIVE SELECTORs for MLR
(multiple line reading) operations, or directly from
SECOND READING for non-MLR operations.

TR PR (Transfer Print). These common hubs rep-
resent the pickup for the 120-position transfer print
entry unit. They are impulsed from any cycles im-
pulse, such as CARD CYCLES, FIRST CARD impulses, pro-
gram exits, program couple, or a pilot selector cou-
PLING EXIT. The TRANSFER PRINT ENTRY hubs remain
active only for the duration of the impulse wired to
TR PR. Therefore, it is not practical to impulse TR PR
from digit impulses (9-12). When comma, decimal, or
dollar sign symbols are selected by means of TRANSFER
PRINT ENTRY, the TR PR must be picked up from carp
CYCLES, COUPLING EXIT of pilot selectors, or program
couple.

Counting and Programming with
Cycle Count

=1

AO, 41-42

CC (Cycle Count). These hubs emit a one impulse
during every machine cycle. They can be used to
count any or all machine cycles or, when properly
controlled, to count cards or groups of cards, or to
initiate a program start (Figure 24).

Alteration Switches

By using the alteration switches one control panel
can be used for several different reports without any
change in control panel wiring.

ACTER SW
cfto © o

T
OoNO O ©

0Co o o
ALTER Sw Eat
0—0—0—0,

E-H, 73-7¢6

Alteration SW [, 2, 3, 4. Four alteration toggle
switches are located in the switch box on the top of
the machine (Figure 25). Each alteration switch con-
trols a corresponding alteration switch selector. When
the switch is on T, a common connection exists be-
tween ¢ and T; when on N, the connection is between
¢ and N. An alteration switch selector remains trans-
ferred as long as the corresponding toggle switch is set
on T. Any impulse, including the summary punch
switch, can be wired through c-N or ¢-T.

. o |f ALTERA ' ALTERATION I{ ALTERATION l R

\

Figure 25. Alteration Switches

Pilot or co-selectors can be picked up through alter-
ation switch selectors. In this case, one of the four al-
teration switch exits is wired through the normal or
transferred side of an alteration switch selector (de-
pending upon the position of the switch) to the pickup
of a co-selector or the D pickup of a pilot selector. Co-
selectors can then be used to select any impulse except
the summary punch switch; pilot selectors can then be
used to select any impulse except a line impulse.

Many uses for the alteration switches, like changing
from detail printing to group printing with or with-
out summary punching, programming, print selection,
or counter clearing vary machine functions from one
report to another.

19
3

Printing



Figure 26. Detail and Group Reports, with Example of Overprintin

Changing from Detail Printing to Group
Printing

In the example in Figure 26, the first report is detail
printed; the second and third reports are group
printed (LisT oFF). Without alteration switches, the
LisT ofFF hubs would have to be connected, and a
card cycle impulse would have to be wired to pIRECT
ENTRY of the counter being used, to eliminate over-
printing as shown in the deduction column of the
second report. These wiring changes can be made
automatically by using the alteration switch feature

of the machine (Figure 27).

28 IBM 407 Accounting Machine

DEDUCTION REGISTER
19__
;:)E.{)UC(";
EMPLOYEE NAME coDE DEDUCTIONS
113 121s .50
1 130314 .75
1 2 UB73 5.00
6.25%
11109 .35
11100 .50
«85%
19
EMPL. No CEDUCT
EMPLOYEE NAME DEDUCTIONS
oepT | cLock | COPE
FRED ACKERLY 11013 6.35%
MILTON CARGIN 17100 .85%
GERALD DRISCOLL 1145 1.36%
3% 853
3324 .65%
DEDUCTION REGISTER 215 | 1.p0%
324 .85%
215 1.65%
19— 324 .853%
EMPL. No. 234 1.35%
EMPLOYEE NAME pebuct DEDUCTIONS 25 1.50%
pepr. | cLock | CODE 215 1.00%
334 1.35%
FRED ACKERLY 1 13 6.25 |4 «50%*
TLTON CARGIN 11100 .85
GERALD DRISCCLL 11145 1.35
JOSERPH DUHLMEITER 11150 .85
CLEMENT EDWARDS 11170 .65
PATRICK EGGLESTON 11175 1.00
UILLIAM FRISBIE 11220 .85
SOCRATES GLEZEN 11230 1.65
RT GRAHAM 11245 .85

g
Field Selection

When a choice must be made between different fields
and the chosen field is to be printed from one set of
printwheels or entered into one counter, field selection
is necessary. Field selection can be accomplished by
the use of co-selectors; transfer and normal print entry
can be used under certain conditions. Co-selectors
must be used when the selected information is to
enter counters. Regardless of the purpose or method
used, an X or a digit must identify one class of card
to distinguish it from another. For printing purposes,
the information may be numerical or alphabetic. For
counter entry purposes, the information must be nu-
merical. (See Figures 28 and 29 for wiring examples.)
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Figure 28. Field Selection, Co-Selector Method
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Figure 29. Ficld Selection, Transfer-Print Method
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Figure 31. Class Selection, Transter-Print Method




Class Selection

Class selection is necessary whenever a choice must be
made between several printing locations wired from
the same field in different cards. The different classes
of cards must be identified by X's or digits that are
used to control selection.

The field to be selected is wired to the common side
of a co-selector, the normal side to one set of print-
wheels, and the transferred side to another set of
printwheels. The printing locations are selected under
control of the X or digit (see Figures 30 and 31).

Symbol Selection

Symbols most frequently selected are amount punctu-
ations, such as comma, decimal, and dollar signs, and
amount identification, such as C, R or —. Selection
is necessary when the symbols are to be printed under
conditions described in the following examples.

Comma, Decimal, Dollar Symbol Selection

It is sometimes necessary to punctuate amounts on
total cycles but not on card cycles, and vice versa.
Often it may be necessary to punctuate amounts on
certain card cycles identified by an X or digit, first
card of minor, intermediate or major groups, etc.

INVOICE NO.
HEADING 12345
AMOUNT
ITEM 625.37
ITEM 23.19
ITEM .10
ITEM 1,742.75
$ 2,391.41

Figure 32. Amount Symbol Selection

In Figure 32, punctuation is not required for in-
voice number printed from the heading card (X40).
Decimals and commas are required to punctuate
amounts in the body of the form. In addition, the
dollar symbol is required on a total cycle but not on
card cycles.

Figure 34 shows wiring for comma, decimal, and
dollar symbol selection.

34 IBM 407 Accounting Machine

C, R or Minus Selection, Detail and Total
Printing

SYMSOL
o ©

L3
o o

M-N, 79-80

omo0onNn
o
»
1

AH-AI, 53-80

It is possible to select the R or — switch so that the r
or — exit hubs emit an R during total cycles and a
minus during detail print cycles:

123-
147
112~

88CR#*

In the example above, 123 and 112 are recognized as
negative by the minus sign. The total, 88*, is recog-
nized as negative by the CR symbols. The — and the
C impulses to the same printwheel must therefore be
selected (see Figure 33).

C, R or Minus Selection, Printing on One Line

Form design sometimes can dictate that several
negative amounts appear on the same line of printing.
It is possible to identily some negative amounts by
a minus symbol, and others by a CR symbol.

When the symbol switch is not wired on the control
panel, each R or (=) hub emits an X impulse (—)
to identify negative amounts; when the symbol switch
is wired, each hub emits both an X and a nine im-
pulse. The combination of these two impulses causes
the printing of an R. The nine impulse can be elim-
inated, by the use of a column split, when necessary.
Symbol selection on the same cycle is explained in
Figure 35.
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Figure 33. C, R, or Minus Selection, Detail and Total Printing
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Column Split. Twelve column splits are standard,
each of which has three hubs; ¢ (common), 0-9, and
11-12. They separate 11 and 12 impulses [rom 0-9 im-
pulses obtained either from punching in the card or
automatic impulses on the control panel. The column
splits also operate for summary punching to control X
punching over specific columns.

The couple (crL) hubs are provided to pick up co-
selectors in order to obtain additional column split
positions. For summary punching, however, the co-
selector positions cannot be used as column splits,
since the co-selectors remain transferred throughout
the summary-punch cycle and no distinction can be
made between 0-9 and 11-12. Couple hubs can be used
to control functions during the second half ol the
cycle.

Printing DR Instead of CR for Negative
Amounts

A D can be substituted for the C in the CR symbol
by wiring an emitted D) through a selector. The se-
lector is activated by an R from the symbol exit, as
diagrammed in Figure 36.

Total Transfer

Total Printing [rom the Same Printwheels

More than one type ol total can be printed from the
same printwheels without the use of selectors. This
operation is sometimes referred to as total transfer,
and is based upon the principle of rolling totals, as
they are obtained, from one counter to another.

Each total requires a separate counter. Only the
minor counter adds or subtracts from the card, how-
ever. During the minor program change, the minor
total prints and rolls into the intermediate counter.
During an intermediate program change, the inter-
mediate total prints and rolls into the major counter.

40 IBM 1407 Accounting Machine

During a major program change, the major total
prints and rolls into a final total counter. Thus, the
final total is the sum of all the major totals, the major
total is the sum of all the intermediate totals, and the
intermediate total is the sum of all the minor totals.
This method of accumulating totals is proof that if
the final total is correct, the major, intermediate, and
minor totals that contribute to the final total are
also correct and that all totals represent the sum of

the individual items as printed on the report.

PLUS 3 TRANSFER——10 EXiT s 20-
[ o o (<} o o © o ° o [~} o o o o -] ° © -] o

MINUS. s TRANSFER 10 EXIT s 10-
o o © ©° -] o -} o o ° o [ o L] o © -] o o o

Y-Z,53-80

Transfer Exit, Plus and Minus. Each counter group
has TRANSFER EXIT PLUS and MINUs hubs. The transfer
exit plus hub emits an impulse whenever the counter
is plus and is controlled to read out and reset. It is
normally wired to the pLUS ENTRY of a receiving count-
er. The transfer exit minus hub emits an impulse
whenever the counter is minus or contains a zero
balance, and is controlled to read out and reset. It is
normally wired to the mMINuUs ENTRY of a receiving
counter. Neither the transfer plus nor the transfer
minus hubs emit an impulse when the counter is con-

trolled to read out only.

The TRANSFER PLUS or MINUS EXIT of a transmitting
counter cannot be wired directly to the plus or minus
hubs of a receiving counter if the receiving counter
hubs are also i'mpulsed from some other source. For
example, if counter 4A is the transmitting counter
and 6A is the receiving counter and 6A is wired from
CARD CYCLES, the TRANSFER pLUS EXIT of 4A must be
wired through a filter before reaching 6A. Direct wir-
ing between these two hubs in this instance allows the
card cycles impulse from 6A to back up into the trans-
fer exit hub of 4A and cause 4A to subtract if it
reaches TRANSFER pLUS, or to add if it reaches TRANSFER

MINUS.

When totals are translerred from coupled counters,

the TRANSKFER EXIT of either counter can be used.



Figure 37 illustrates the printing of minor, interme-
diate and major totals from the same printwheels. It
is a group printed report with a minor program on
city, an intermediate program on county, and a major
program on state. All three totals are printed from the
same printwheels, the intermediate total being indi-
cated by one asterisk, and the major total by two

asterisks.

Credit Symbol Printing During Total Transfer

When a positive minor total is subtracted in an inter-
mediate counter, CR or (—) lists from the intermediate
counter on the same line as the positive minor total, if
the symbols for the intermediate counter are wired
directly to the printwheels. This occurs because the
intermediate counter subtracts on the minor total
cycle and emits a credit symbol impulse. The un-
wanted symbols can be eliminated by wiring the
intermediate symbols through the TRANSFERRED side
of a selector picked up immediately from intermediate
PROGRAM COUPLE.

Total Transfer of Zero-Balance. When minor totals
are transferred to an intermediate counter, CR prints
for zero-balance minor totals it the CR symbols from
the intermediate counter are wired directly to the
printwheels. This occurs because a zero-balance minor
total subtracts in the intermediate counter, causing
the intermediate counter to print CR on the minor
program cycle.

T
|
STATE, CO.|CITY SALES
3 ; i 500.00
> 200.00 Minor Totals
2 50.00-
650.00 = Intermediate Total
2 é L (9)2?): ;g Minor Totals
3 300,00
2,323,25 * Intermediate Total
2,973.25 #¥* " Major Total

Figure 37. Totals from Same Printwheels

The unwanted symbol printing can be eliminated
by wiring the intermediate symbols through the
TRANSFERRED side of a selector picked up immediately
from intermediate PROGRAM CYCLE.

This problem does not arise when a minus (=) sign
1s used to identify negative totals (Figure 38), since
the (—) symbol is under zero print control; therefore,

it does not print for zero balances.

Total Printing from Different Printwheels

Minor, intermediate and major totals can be total
transferred and also total printed from different print-
wheels. The difference between the wiring for this and
the previous example is that the counter exits of the
transferring counters must be wired to counter entries
of receiving counters. Wiring from exit to exit would
cause detail or total printing in three places from any
one counter (Figure 39).

Zero and Special Symbol Control

Printwheels are designed to print normally only sig-
nificant digits 1 to 9 and any letter or special character
with a 1 to 9 combination.

The impulse, or impulses, wired to print entry must
be able to reach the fuse to energize the print magnet
and cause printing. There is an internal connection
between the print magnet and the fuse at the time a
digit 1 through 9 is read. However, that connection is
broken after 1-time and before zero time, so that a
0, 11, and 12 cannot normally reach the fuse. A char-
acter that does not have a digit 1 to 9 does not nor-
mally reach the fuse for the same reason. Therefore
zeros, whether they are read from a card or from a
counter, do not normally print. For example, a num-
ber like 010050 would print as ( 1
is controlled by use of the zErRO PRINT CONTROL hubs

5 ). Zero printing

on the control panel. These hubs will be described
first, for controlling zeros, and second, for controlling
the comma, decimal, dollar sign, ampersand (&), and

dash (—) symbols.

Printing 41
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Zero Print Control for Zeros
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Zevo Print Control. Each print entry position has a
pair of zero print control hubs diagonally arranged in
two rows as illustrated in Figure 40. The hubs in the
lower row are numbered from 1 to 120 on the control
panel to correspond to the print entry positions. The
hubs in the upper row are not numbered on the con-
trol panel, but they are associated diagonally with the
hubs in the lower row.

oo"p P O 0 o O\

/s 4 / // ’/ 1
1,72 73 /4 05 0 19,7120/
o o o o o o o

Figure 40. Zero Print Control Hub Alignment

The principle of zero print control can be explained
by reference to Figure 41. Six zero print positions are
shown for print wheels 41 to 46. It is assumed that
card columns 1 through 6 (punched 010050) are wired
from SECOND READING tO NORMAL PRINT ENTRY 4]
through 46. Each printwheel has a corresponding
print magnet, which must be energized before a zero
or a significant digit will print.

When a print entry position has been impulsed with
a9 to 1 digit (printwheels 42 and 45), the zero print
contacts transfer and the connection between the two
diagonal hubs is broken. The upper hub and print
magnet are then connected directly to the fuse for
rone time (0, 11, 12).

0 Impulses from
4 Card or Counter
Print Entry o

Print
Magne:) Upper
Zero Print 4 ) Hub
Control oy Lower
Zero Prim/(r Hub
Con'oc'.: T r{Fuse
! ; As Printed

Figure 41. Zero Print Control Path to Fuse

46

This provides a path for a 0-, 11-, or 12-impulse to
reach the fuse as in the case of an alphabetical char-
acter. In addition, the upper hub is connected to the
fuse so that it could be used as an entry to the fuse.
In positions that receive no significant digit (1 to 9)
impulse, the zero print contacts do not transfer. A
0-, 11-, or 12-impulse entering that position would not
find a path to the fuse but would be available out ol
the lower hub. The printing of zeros can be accom-
plished in the desired pattern by correctly wiring the
rero print control hubs on the control panel. For
example, if the lower hub of print magnet 46 is jack-
plugged to the upper hub of 45, the zero impulse in
position 46 would go through the normally closed zero
print contact by control panel wire to the upper hub
ol 45, and then to the fuse. The upper hub of 45 was
connected directly to the fuse because of the 5 impulse
causing the rzero print contact in that position to be
transferred.

This arrangement affords complete flexibility in the
printing of zeros. In the example above, the number
may be wired to print either as 010050 or as 10050.

+0
No Path

for High-=0v,
Order Zero

n

1 0

i i \ Coard or Counter
r r M rFuse

1 5 | O AsPrinted

0 0 5 0 'mpulses from
» O *
[41] (44]

0 [+}

T
I
1
|

Zero Print Control—Zeros to Right of Significant
Digit Only

Figure 42.

It zeros are to print only to the right of the signifi-
cant digits, the zero print control hubs are wired for
each print wheel in use except the position of the
highest order, as shébwn in Figure 42. The zeros from
hubs 43 and 44 reach the fuse over the external wires
connecting 44 and 43 and the internal connection
established because of the digit 1 in printwheel 42.
The high-order zero cannot reach the fuse and there-
fore cannot print.

Zeros may be printed to the left of significant digits
as well as to the right by the wiring shown in Figure 43.

T TFuse
5 ! 0 As Printed

Figure 43. Zero Print Control—Zeros to Left of Significant Digit
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The high-order zero prints because it reaches the
fuse the same way that the zero in the units position
does. All zeros punched in the card or contained in a
counter print either to the left or right of a significant
digit. Zeros do not print, however, unless there is a
significant digit in some position.

.---“.u;y—nﬁ
B TP

BI, 35-40

0 Entry. These six common hubs provide a direct
path to the fuse for seros. They are normally wired
from zERO PRINT coNTROL as shown in Figure 41 to
cause zeros to print regardless of significant digits. As
there are no significant digits in the field, every lower
zero print control hub is internally connected to its
corresponding upper hub. The external wiring allows
a zero anywhere in the field to reach the [use by way
of the (0) entry hubs.

ZFRO PRINT CONTROL need not be wired for alpha-
betic fields unless interspersed numerical or special
character information is to be printed. Five of the
special characters (— & , . $) are controlled from zero
print control.

Zero Entry

o
o
O=-O
o

P o A T A
Tojoio o o]

0 As Printed
i

Figure 44. Zero Print Control — Zeros Regardless of Significant
Digit

Zero Print Control for Dash (—) and
Ampersand (&)

Because zone punches, by themselves, do not have a
path to the fuse (11 for dash and 12 for ampersand)
both the dash and the ampersand must be wired for
zero print control and print under the same condi-
tions in which the zero prints. In Figure 45, the dash
impulse reaches the fuse because of the presence of sig-
nificant digits to the lelt. If the field were punched
with all zeros, the dash would not print.

1
O
o
) |
- r {Fuse
' 1 '
\

I * As Printed

Figure 5. Zevo Print Control — Dash and Ampersand

Zero Print Control
Dollar Sign

There are three ways ol printing commas, decimal
points and dollar signs:

a. From the card columns in which they are

punched to NORMAL or TRANSFER PRINT ENTRY.

b. From the corresponding hubs in the character

EMITTER tO NORMAL Or TRANSFER PRINT ENTRY.

c. From the comma, decimal and dollar sign exits

t0 NORMAL OF TRANSFER PRINT ENTRY.

Under method a, the symbols print whenever they
are punched, regardless of significant digits. Under
method b, the symbols print every print cycle regard-
less of significant digits. Under method ¢, the symbols
are controlled by zero print control.

Comma, Decimal and

COMMA commmmms 0 £ | M A | emmtm—
© o oo o o oo Ol

AC, 41-50

Comma, Decimal, §. These hubs emit comma, deci-
mal and dollar sign impulses every machine cycle.
They are specially timed so that they can be printed
only under control ol ZzFrRo PRINT CONTROL and in this
way they differ from the comma, decimal or dollar
sign impulses obtained from cards or from the emit-
ter. They are normally wired directly to NORMAL or
TRANSFFR PRINT ENTRY to print the dollar sign and
amount punctuation both on the detail print cycle
and on the total cycle. They print with exactly the
same type of control as that used for printing zeros;
that is, they may be controlled to print to the right or
left of significant digits by proper wiring ol the zero
print control hubs.

The comma, decimal and dollar sign hubs should
never be split-wired directly to two or more different
print entry hubs. If split-wiring is necessary each split
should be wired through a filter.

Printing 47



Dollar Symbol

The dollar symbol is normally printed to the lelt of
significant digits. To do this, the same ZERO PRINT CON-
TROL wiring must be used as that needed for printing
zeros to the lelt of significant digits. Assuming that the
$ hub is wired to NORMAL PRINT ENTRY 40 and the
amount field to NORMAL PRINT ENTRY 41-46, the dollar
sign prints to the left of significant digits by wir-
ing lower ZERG PRINT CONTROL 40 to the upper hub
ol ZERO PRINT CONTROL 46 as shown in Figure 46. In
this example, the dollar symbol reaches the fuse be-
cause of the digit 5. The high-order zero print control
hub (41) is not wired, in order to prevent the printing
of zeros between the dollar sign and the high-order
digit 1.

C r C

O As Printed

(-]
[+]
w

Figure 46. Zero Print Control — Dollar Symbol

Comma

The comma is normally printed to the right of signifi-
cant digits. Printing of commas requires no special
wiring other than that required for printing zeros. A
comma impulse does not have a path to the fuse and,
therefore, its printing depends upon the presence of
significant digits. The comma shown in Figure 47
reaches the fuse because of the digit 2.

0 ° {comma from

1 2 . 3 comma Hub)
J %1 m
o
o~ . . . o1
PR e i O N G Y
i 1 - 2 ' , 3 : 0 i °As:Pvimed

Figure 47. Zero Print Control — Comma

Decimal

There are two methods of wiring for decimal printing
as illustrated in Figures 48 and 49.

The decimal point prints to the right of significant
digits the same as zeros, with normal ZERO PRINT CON-
TRoL wiring. This means that for amounts of 1.00 or

48 IBM 407 Accounting Machine

7 3 1 . [] 0
(a1} [a2] [43] (a4 [46]
o
r T T v r Y r T r —iFuse
E 7 E 3 E 1 . E 0 i 0 As Printed
1 ' ' ' ' ‘

Figure 48. Zero Print Control — Decimal for Amounts of $1.00
or More

over, normal ZERO PRINT CONTROL wiring is suflicient.
A decimal impulse does not have a path to the tuse
and, therefore, its printing depends upon the presence
of significant digits. The decimal shown in Figure 48
reaches the fuse because of the digit 1 in the hundreds
position.

For amounts of 1 to 99 cents, however, normal wir-
ing fails to print the zero and the decimal point to
the left of the significant digits. This can be accom-
plished by wiring the lower hub of the decimal posi-
tion back to the upper hub of the units position as
shown in Figure 49. Both the zero and the decimal in
this example print because of the presence of the digit
1. In order to print an amount such as 1.00, it would
appear that lower hub 44 should be split-wired to
upper hub 43. Although this wiring would cause zeros
to print to the right of even dollar amounts, it would
also cause zeros to print to the left of any amount
under 1.00. Any zero to the left of the decimal could
find its way to the fuse over the wiring originally in-
tended to print decimals and zeros for amounts of
from 1 to 99 cents. Although the connection shown by
the dotted line in Figure 49 must be made, it cannot
be made directly. To prevent zeros in the dollar col-
ums from backing up and reaching the fuse by way
of connections established by the units and tens posi-
tions, a filter is used.

1 As Printed

Figure 49 Zero Print Control — Decimal for Amounts Under
$1.00 -

Filter Entry-Exit. These hubs permit the passage of
an impulse in only one direction—into ENTRY and out
of Exit. When any two functions are connected by
split wires or through a bus, any impulse reaching one
function also reaches the other. This “back circuit”
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BK-BL. 15-34

can be eliminated by a filter. Ten ENTRY and ten EXIT
positions are standard. The exit of one filter should
not be wired to the entry of another. Other suggestions
for the use ol filters may be found under Operating
Rules and Suggestions.

BUS
O0——0—0—0—0 O¢—O0—O>—0—0¥ O—O0—0—0

O O—O0——0—O O O—O-—Q O—O—O0—O

N-O, 41-52: W-Y, 41-42: Y 33-40:
BL, 35-40; BK-BL, I-14

Bus. There are 16 sets of sus hubs; 10 sets have four
common hubs, 4 sets have five common hubs, and 2
sets have six common hubs. When an impulse is en-
tered into one ol the hubs in a set, it is available out
of the remaining hubs. Bus hubs are used in place of
split wires.

Figure 50 shows the connection between lower 44
and upper 43 made through a filter. This allows zeros
and the decimal for even dollar amounts to reach the
fuse because of the presence of a significant digit any-
where to the lelt. It prevents zeros in 41, 42, 43 or 44
Irom reaching the fuse for amounts ranging from .01
to .99, since an impulse cannot pass through a filter
from EXIT to ENTRY. In such operations, one filter
should be used for every two positions to the right of
the decimal to prevent an undue load on one filter.
Refer to Load Rating Table under Operating Rules
and Suggestions.

Bus
Entr
Filters Y
Exit
(o] [+]
[41]
o
O, . . ot

T riFuse
0 ! ‘Ag Printed
i i

T

Figure 50. Zero Print Control — Decimal for all Amounts

Amount Punctuation

The correct printing ol commas, decimal points,
and dollar signs in amount field (Figure 51) is called
Amount Punctation.

Expansion of Amount Punctuation Symbols

Four independent hubs are provided on the control
panel for commas, four for DECIMALS, and two for
DOLLAR SIGNs (AC, 41-50). When amounts are punc-
tuated by use of these hubs, it may be necessary to
print more commas, decimals, or dollar symbols than
there are hubs available on the control panel. If any
one ol these hubs is wired to two or more print entry
hubs by split-wiring or through a Bus, 0-, 11, and 12-
impulses can back-circuit through ZERG PRINT CONTROL
wiring and thus might cause unwanted or erroneous
symbol printing.

Normally, these back-circuits can be eliminated by
filters. If filters are not available, the back-circuits

can be eliminated by co-selectors as shown in Figures
52-53-54.

Floating Dollar Sign and Check-
Protecting Asterisk

The 407 provides two methods of check protection:
the floating dollar sign and the check-protecting aster-
isk. A dollar sign can be made to print immediately
to the left of the high-order significant digit (Figures
b5 and 56). For example:

PRINT WHEELS

6 7 8 9 10 11 12 13
$ 9 2 5 4 9 2
$ 7 5 6 7 6
$ 9 2 4 3

$ 9 2 1

$ 1 0

Check protection can also be accomplished by
printing asterisks (Figure 57) to the left of the high-
order significant digit as follows:

PRINT WHEELS

6 7 8 9 10 11 12 13

2 3 4 9 2
A 6 7 6
BoFOF9 2 4 3
* oo 5 2 1
* 3% * * * ) 1 0

Printing 49
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‘-. CTRL-l
o—0
BJ, 33-34

*Ctrl. These hubs are used primarily to control the
printing of check-protecting asterisks. They are always
wired to the rickur of a coselector. All the zero print
control hubs for the positions in which the asterisks
are to print are connected through the NorMAL side of
the co-selector and the transierred hubs are laced from
one to the other. Once a printwheel begins to turn
because of the presence of a significant digit, no aster-
isk can print to its right. They print to the left of the
high order significant digits.

Operating principles of the asterisk control feature
are described below.

1. An impulse is emitted from every lower zero
print control hub at no-zone time. If the no-zone im-
pulse can reach the fuse, a check-protecting asterisk
prints.

2. When a significant digit is printed, an internal
connection is made from the lower zero print control
position to the fuse.

3. In the schematic shown here, the no-zone impulse
from ZERO PRINT CONTROL position 42 can reach the
fuse as follows:

a. through the TRANSFERRED side of the selector,
Py

CO SELECTOR 1
T

L ane s o st ]
» CTRL N !

<
ZERO PRINT
CONTROL

o) ) o) aaf s

L D

)(_____1_!~1 _____ a( Fuse

56 IBM 407 Accounting Machine

b. to the TRANSFERRED selector position at the
right over the crosswiring.

c. through the TRANSFERRED side of the selector to
the lower zero print control hub for position 43,
where it can reach the fuse over the internal path
set up by the digit 8.

The impulse from position 41 can reach the fuse in
a similar manner, by passing over two positions of the
TRANSFERRED side of the selector to ZERO PRINT CON-
TROL position 43. The selector is picked up from
*C1RL, so the lower zero print control hubs are con-
nected at no-zone time only; at all other times they
are wired to the upper hubs through the normal
side of the selector.

BK, 35-40

& or —. The six common & or — entry hubs are
direct connections to complete the circuit for 11- or
12-impulses only. 'They are normally wired from zero
print control hubs to control the printing of the am-
persand symbol when a 12 only is sensed and a minus
symbol when the 11 only is sensed by the print wheels,
regardless ol the presence of significant digits. They
are sometimes wired to print other symbols containing
an 11- or 12-impulse, when those symbols are wired to
the printwheels.

BJ, 35-40

*Entry. These hubs are wired from the zero print
control hubs to print asterisks to the left of high order
significant digits or to print asterisks for zero balances.
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Tape-Controlled Carriage

The tape-controlled carriage controls the feeding and
spacing of forms at high speed while documents or
reports are being prepared on the sar 407 Account-
ing Machine. The carriage is controlled by punched
holes in a narrow paper tape that exactly corre-
sponds in length to the length of one or more forms.
Holes punched in the tape stop the form when it
reaches any predetermined position. One of the
punched holes in the tape can be used to control the
accounting machine to start overflow skipping to the
next form.

The carriage will accommodate continuous forms
up to a maximum width of 16% inches, including
punched margins. For the maximum length that can
be accommodated, refer to Figure 73. Form length
should be divisible by 4, 6, or 8, dependent upon the
spacing, (4, 6-, or 8-lines-per-inch) to be used.

While forms of any size within the limits can be
handled by the carriage, forms of standard sizes, avail-
able from the forms manufacturers, can be obtained
more quickly and economically than non-standard
sizes.

Forms can be designed to permit printing in prac-
tically any desired arrangement. Skipping can be con-
trolled to ten different sections of the form.

Variable Line Spacing and Uniform Skipping

Single, double, or quadruple spacing can vary between
lines as controlled by wiring on the control panel. For
example, the heading section of a form may be single
spaced and the body double spaced.

Any other spacing that is required must be con-
trolled by the tape. Spaces up to two inches between
lines can be skipped at the same rate of speed as
normal spacing (Figure 73). This skipping is a smooth,
high-speed advance of the form, allowing successive
lines to be printed up to two inches apart at the rate
of 150 lines per minute, the normal printing speed of
the machine.

K-L, 74-75

Space 1-2. The machine single spaces (6 lines to the
inch) if the hub labelled / is connected to either ol
the two common exit hubs above it. The machine
double spaces (3 lines to the inch) if the hub labelled
2 is connected to either of the two common exit hubs
above it. Unless the carriage is used to control spacing

58 IBM 407 Accounting Machine

(s¥1. spack), failure to connect either the 1 or 2 space
hubs results in continuous skipping, since the func-
tion of these hubs is to stop a skip after either one
or two spaces have been taken.

Page Totals

The overflow punch in the tape can also be used to
start other operations, il desired, belore ejecting the
completely filled form. For example, a total may be
printed at the bottom of each page before advancing
to the next form.

Overflow Sheet Identification
Several lines of numerical or alphabetic identifying
information can be printed on an overflow sheet. In-

voice and page number can also be printed on the
overflow sheets.

Predetermined Total Line

Totals can be printed on a predetermined total line,
whether the form is completely filled or not. For ex-
ample, although only two or three items have been
printed on a form, the total of these items may be
printed on a designated line of the form, instead ol
directly beneath the last item printed.

Overflow Skipping

When one form is completely filled, it can be ejected
and the next form can advance to the first printing
line or to the first body line. This “overflow skipping”
is caused by sensing a punch in a specific position ol
the tape, that starts advancing the paper to the re-
quired line on the next form. If the last card of a
group prints on the last available detail printing line,
the total prints before skipping to the next form takes
place.

Printing all totals on the last overflow form can be
accomplished without reducing the printing space on
each of the preceding forms.

Spacing Chart (Figure 58)

In the report shown in Figure 59, the order number,
punched in columns 1-5 of the card, must print in the
order number column of the shipping schedule. Like-
wise the product number, schedule date, customer
number and quantity must print under their respec-
tive headings.

The best way to determine which printwheels to use
to print order number in the report column set aside
for it is to superimpose the report itself on a spacing
chart, as shown in Figure 58. The numbers across the
top and bottom of the spacing chart represent print-
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Figure 58.

Report and Spacing Chart

wheel positions, which are spaced 10 to the inch or the
same as standard pica typewriter spacing. The large
numbers represent the tens position, and the small
numbers, the units position of the printwheel number.
The numbers down the sides of the spacing chart rep-
resent line numbers.

The report can be superimposed on the spacing
chart without consideration for alphabetic or numeri-
cal printing, since all printwheels print all 47 char-

acters. If the report is positioned as shown in Figure
58, then product number will be printed by print-
wheels 34-37, schedule date by printwheels 39-46, and
order number by printwheels 48-52. In this example
the report is centered, with the form alignment symbol
(A) in the center of the report lined up with print-
wheel 60 in the center of the spacing chart.

The printed Shipping Schedule is shown in Figure
59.

Tape-Controlled Carriage 59
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§ 1016| IRON AND STEEL 2

i 1017 NATIONAL FIRE INSURANCE i
1018|UNIVERSITY CITY &
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Figure 59. Shipping Schedule Prepared from 1IBM Cards

Space Control

All spacing on the 407 must be wired on the control
panel. As previously described, single or double spac-
ing is accomplished by connecting the spack 1 or 2
hubs. These hubs can be selected so that single and
double spacing may be placed under the control of an
X or digit. Triple spacing can be accomplished either
by the use of the seL hubs in conjunction with punch-
ing in the carriage tape, or by the special wiring
shown under Operating Rules and Suggestions.

With the machine wired for single spacing, in detail
printing there is automatic space after each
total, and in group printing there is an automatic
space after intermediate and major totals when fol-
lowed by minor group indication. In group printing,

dan
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both the indication and the minor total print on the
same line. Examples of this spacing are shown below.

SINGLE SPACING

DETAIL PRINTING

__Detail Print
__Detail Print
Minor Total*

_ __Detail Print

__Detail Print
___-Minor Total*
::7Interme(liate Total**
:_:l)clail Print
_-__Minor Total*
o Intermediate Total**
j_‘:,wMajor Total***

. __Detail Print

GrouP PRINTING

___-Indicate Minor Total*
----Indicate Minor Total*
Intermediate Total**

---.Indicate Minor Total*
____Indicate Minor Total*
Intermediate Total**
Major Total***

_-.-Indicate Minor Total*

_-__Indicate Minor Total*

_---Indicate Minor Total*
Etc.



In detail printing, double spacing occurs after each
total prints. In group printing, double spacing occurs
only after intermediate or major totals when followed
by minor group indication.

Results of double spacing for detail and group
printing are illustrated in the following example:

DoUBLE SPACING

DETAIL PRINTING GROUP PRINTING

____Detail Print ____Indicate Minor Total*
_Detail Print ___"Indicate Minor Total*

___-Minor Total* ——

Intermediate Total**

—___Detail Print " Indicate Minor Total*

___-Minor Total* e

Intermediate Total**

Major Total***

:::Intermediate Total** ____
- ___Indicate Minor Total*

____Major Total*** ____Indicate Minor Total®*

:::Detail Print

In detail printing, quadruple spacing occurs after
each total prints. In group printing, quadruple spac-
ing occurs after intermediate and major totals when
followed by minor group indication.

Variations from this normal spacing may be ob-

tained by the use of the space suppress (surp) or
EXTRA hubs.

EXTRA
o—0
SUPP
o—0

K-L, 76-77

Space Suppress. Space suppression takes precedence
over all normal spacing. The space suppress hubs ac-
cept PROGRAM EXIT impulses to suppress normal spac-
ing before a total prints and automatic spaces after
a total prints. They also accept cARD cyCLE impulses
through pilot selectors to suppress normal spacing for

only certain cards. When spacing is to be suppressed
under the control of an X or digit in a card, the se-
lector must be picked up from first reading. Any digit
from 9 through 3 can also be used to suppress spacing
on the same cycle.

Extra Space. When impulsed [rom cARD CyCLEs,
these hubs cause an extra space after each card prints.
If single and extra space are impulsed, the result is
double spacing; if double and extra space are wired,
the result is quadruple spacing. The card cycles im-
pulse can be controlled to obtain extra spacing only
for certain cards.

When impulsed from proGram exits, these hubs
cause an extra space alter printing the corresponding
total, except when automatic extra spaces are normal.
For example, they do not cause an additional extra
space after any total in detail printing, or after inter-
mediate or major totals followed by minor group indi-
cation in group printing.

When impulsed from a first card impulse, these
hubs cause an extra space after the corresponding first
card prints. An X, 12, or any digit may be wired di-
rectly from FIRST READING to cause an extra space
before printing, or from SECOND READING to cause an
extra space after printing.

FIRST -s—————————10- — = €O SELECTORS PICKUP--—-— -70 - 75—

READING \\\\\\\\ \,\\\\\\\\\\\\

OUPLING EXITaPILOT SEL
bu -

L
11]

— — IMMEDIATE—
o o o o

11
!

o ol o—o
o o—o
N Mi-FRST CARD:

Single or Double Spacing Under X or Digit Control

Figure 60.

Single or Double Spacing under X or D Control
— Detail Printing

All X cards are double spaced by wiring one of the
common space exit hubs through the TRANSFERRED side
of a pilot selector to space hub 2. All NX cards are
single spaced by wiring the NorRMAL side of the same
selector to space hub 1. The selector is picked up from
an X at FIRsT READING (Figure 60).

If digits are used to control spacing, they must be
wired to the D-pickup of the pilot selector.

Tape-Controlled Carriage 61
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Figure 62. Wiring for: A. Extra Space; B. Space Suppression

Extra Space—Total Printing

In detail printing, with the machine wired to single
space, double spacing occurs after each total prints. In
group printing, double spacing occurs only after inter-
mediate and major totals when followed by minor
group indication. These extra spaces are automatic.

In detail printing, with the machine wired to dou-
ble space, quadruple spacing occurs after each total
prints. In group printing, quadruple spacing occurs
only after intermediate and major totals when fol-
lowed by minor group indication.

In group printing, an extra space can be taken after
all totals (except when automatic extra spaces are nor-
mal) by wiring minor, intermediate, and major pro-
gram exits to ExTRA (Figure 62A).

Two or More Totals on the Same Line in Two
or More Cycles

Two or more program totals can be printed on the
same line in as many cycles by wiring the correspond-
ing PROGRAM EXITS to SUPPREss. Spacing is suppressed
before the total prints. Printing totals in this manner
does not sacrifice the reset check feature of the ma-
chine or the ability to transfer totals from one counter
to another (Figure 62B).
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Figurc 63. First Card Spacing

First Card Spacing

Minor, intermediate or major first card hubs may be
wired directly to the extra or supp hub (Figure 63).

In single spacing, the normal double space after
totals can be controlled to single space by wiring FIRST
CARD MINOR, INTERMEFDIATE, OI MAJOR tO SPACE SUP-
PRESS. For example:

NORMAL FIRST CARD SPACE SUPPRESS
__.._Detail —-__Detail
____Detail ___.Detail
--_-Minor Total _~. Minor Total
e _---Detail

_.._Detail

It the first card hubs were wired to EXTRA, an extra
space would be taken after the corresponding first card
indication.

Two or More Totals on the Same Line in One
Cycle (Figure 64)

Minor, intermediate and major totals can be printed
on the same line in one machine cycle by prRoGRAM
COUPLE wiring.

Two or more program totals can be ‘made to print
on the same line by joining their couple hubs through
pilot selectors. If minor and intermediate totals are to
print on the same line in one cycle, a pilot selector
can be picked up from the intermediate comparing
exit and couple | joined with couple 2 through the
TRANSFERRED side of the selector. If minor, intermedi-
ate and major totals are to print on the same line in
one cycle, two pilot selectors must be used, one picked
up from the intermediate and major comparing exit
and one from the major comparing exit only. The
couple hubs would then be joined through these se-
lectors. All minor totals are printed normally but
when an intermediate program change is recognized,
both the minor and the intermediate totals print in
one cycle, instead of two, on the same line. By the
same reasoning, minor, intermediate and major totals
can be printed in one cycle and on the same line upon
detection of a major program change. If the couple
hubs were connected directly, intermediate and major
counters would clear and print each time minor totals
print.

When this method of total printing is used, it is not
possible to transfer totals from one counter to another,
because only one cycle is taken to print all totals.
Therefore, the wiring must be from SECOND READING to
the COUNTER ENTRY of each of the counters in use, in-
stead of [rom SECOND READING to the COUNTER ENTRY of
the minor counter and from the exits of the minor
counter to the exits of the intermediate counter, and
so on. The counters must be wired for DIRECT ENTRY

Tape-Controlled Carriage 63
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Figure 65. Control Tape Punching for Predetermined Printing Locations

and the counter plus and minus functions must be
controlled on a card cycle basis. This wiring does not
permit the use of additional programs beyond those
that are coupled.

The wiring for printing minor, intermediate and
major totals on the same line is shown in Figure 64.

Control Tape

The control tape (Figure 65) has 12 columnar posi-
tions indicated by vertical lines. These positions are
called channels. A maximum of 132 lines can be used
for control of a form, although for convenience the
tape blanks are slightly longer. Horizontal lines are
spaced 6 to the inch for the entire length of the tape.

66 IBM 407 Accounting Machine

Round holes in the center of the tape are prepunched
for a pin feed drive in a tape sensing mechanism that
controls the carriage. The tape advances through the
mechanism in synchronism with the movement of the
printed form through the carriage. The effect is ex-
actly the same as if the control holes were punched
along the edge of each form.

Twelve brushes, one for each channel, are posi-
tioned over the tape for sensing the holes that are
punched. As viewed from the {ront of the machine,
they are numbered 1 through 12 from left to right.
Brush 1 rests on channel 1, brush 2 on channel 2, and
so on. A hole in the channel allows the brush to make
contact with a metal roll and set up the.necessary
circuits that are normally used to stop skipping or to
initiate an overflow.



‘*,4 “C‘L.Ih-trﬁ
%
-

it

Figure 66.

Tape Punch

Tape Channels

Tape channels are punched to control the following
functions:

First Printing Line Stop. Channel 1 is normatly
punched for the first printing line of a form. This is
the starting or home position.

Normal Skip Stops. Channels 2 through 10 are used
to stop a form at one of nine positions including first
body line. They can be used in any order or sequence.
Digits, X's, comparing exits, skip control and program
exits can be used to start skipping to any position of
the form.

Overflow Control. The 12th channel of the tape
must be punched in a position corresponding to the
last printing line of a form. This punch is normally
used to cause immediate overflow skipping but may
also be used to initiate overflow programs which in
turn can be used to print sheet identification informa-
tion out of storage units and counters.

When head control is not wired, an overflow is
made to the first printing line of the next form. When
head control is wired, overflow skipping can be made
to the first printing line if overflow page identification
is to be printed; if not, the skip can be made directly
to any stop used to locate the first body line.

Short Skip

Normally, the tape-controlled carriage stops the feed-
ing of cards through the accounting machine during
every skip regardless of its length. The feeding of
cards is resumed after the skip is completed, but at
least one machine cycle is lost for every skip taken.
This is sometimes referred to “interlocking,” and its
primary purpose is to prevent printing in flight for
skips longer than two inches. If a skip is two inches or

less it is called a short skip and the control panel can
be wired to release the interlock and thereby cause con-
tinuous operation of the accounting machine. When
the distance is more than two inches, the machine is
interlocked at the start of the skip. The interlock can
be released, however, by impulsing sHORT skip when-
ever the remaining distance to be skipped is two
inches or less.

In designing forms, distances that are to be skipped
frequently should, if possible, be kept within two
inches for most efficient operation. These distances
may or may not be between two successive sections of
a form. For example, in a billing form with a section
for the heading and a section for the body, the dis-
tance from the last heading line printed to the first
body line should be kept within two inches for most
eflicient operation.

The interlock may be released for overflow skipping
if the overflow skip is two inches or less.

If skipping can occur on two successive machine
cycles, and short-skip is wired, special care must be
taken in short skip wiring (see Short Skip in Operat-
ing Rules and Suggestions).

Tape Punching

A small, compact punch (Figure 66) is provided for
punching the tape. The tape is first marked in the
channels in which the holes are to be punched. For
six-lines-per-inch spacing, this can be done easily by
laying the tape beside the left edge of the form that it
is to control with the top line (immediately under the
glue portion) even with the top edge of the form.
A mark is then made in the first channel on the line
that corresponds to the first printing line of the form.
Additional marks are made in the appropriate chan-
nels for each of the other skip stops and the overflow
signal required for the form.

The marking for one form should be repeated as
many times as the usable length of the tape (see Fig-
ure 73) allows. With the tape thus serving to control
several forms in one revolution through the sensing
mechanism, the life of the tape is increased. Finally,
the line corresponding to the bottom edge of the last
form should be marked for cutting after the tape is
punched.

The tape is inserted in the punch by aligning the
line to be punched. with the guide line on the punch
and placing the center feed holes of the tape over the
pins projecting from the base. The dial is then turned
until the arrow points at the number of the channel
to be punched. Pressing on the top of the punch, to-
ward the back, cuts a rectangular hole at the intersec-
tion of a vertical and horizontal line in the required
channel of the tape.

Tape-Controlled Carriage 67



The tape can be punched with holes in more than
one channel on the same line. This is advantageous in
many cases, when several skip impulses are directed to
the same skip stop. Punching two holes in one channel
i$ necessary in some instances.

After the tape is punched, it is cut and looped into
a belt. The bottom line is glued to the top line by the
use of the section marked GLUE, after the glaze has
been removed by an ink evaser. If the glaze is not re-
moved, the tape ends can come apart. The center feed
holes should coincide when the two ends of the tape
are glued together.

The last hole punched in the tape should not be less
than four lines from the cut edge, as approximately
the last half inch of the tape overlaps the glue section
when the two ends are spliced. It it is necessary to
punch a hole lower than four lines from the bottom of
the form, the tape should be placed with the top line
(immediately under the glue portion) four lines lower
than the top edge of the form before marking the
channels. To compensate for the loss, the tape should
then be cut four lines lower than the bottom edge of
the form.

Inserting Tape in Carriage

The cover of the carriage is tilted back to gain access
to the tape reading mechanism. The platen clutch is
turned to a disengaged position, and the brushes are
raised by moving to the left the latch located on the
side of the brush holder. With the tape held so that the
printed captions can be read, one end of the loop is
placed over the pin feed drive wheel so that the pins
engage the center drive holes, and the brushes are
pressed down. The opposite end of the loop is placed
over the nearest half-circle guide piece. The excess slack
is removed from the tape by lifting the lever away from
the notched bar and by moving the guide piece unit to
the right. The tape should be just tight enough so that
it gives slightly when the top and bottom portions of
the loop are pressed together as shown in Figure 67.
It should not fit too tightly or the pin feed holes will
be damaged.

After the tape is in position, the cover is closed.
The restore key is pressed to bring the tape to its home
position and the platen clutch is turned back to its en-
gaged position. The carriage is then ready to operate.

Tapes can be changed readily and used repeatedly
over a considerable period ol time.
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Operating Features

Platen Clutch

When the platen clutch is positioned so that arrow
below it is pointing to 1N (Figure 68), the platen is
engaged and can be turned manually only by the ver-
nier knob. To disengage the platen from machine con-
trol, the platen clutch is turned to the right. The
platen can then be turned manually by the platen
knob.

Restore Key

The carriage is set at the start or home position
(channel 1) by pressing the restore key. This is done
while the platen is disengaged. Restoring is necessary
because the distance which each form travels through
the carriage, as it is being printed, is measured by the
tape. Starting from the first printing line of one form,
the tape moves in synchronism with the form, until
the first printing line of the next form is reached.

Stop Key

Pressing this key stops the carriage operation immedi-
ately. It should be used to stop undesired carriage
skipping. It also stops the accounting machine, but it
should not be used lor that purpose alone.

If space control has not been wired on the control-
panel, the main line switch must be turned orf to
stop carriage skipping.

=0
Tape Guides
Half Circle

Figure 67. Inserting ‘T'apc in Carriage



Space Key

When the accounting machine is stopped, a form can
be advanced by pressing the space key. With no cards
in the machine, the form advances one space for each
key depression, regardless of the spacing for which the
space control is wired. With cards in the machine,
spacing is controlled by control panel wiring. The first
form can be fed into position by depressing the space
key if the platen clutch is engaged, but the platen
clutch should then be disengaged to permit restoring
the tape without advancing the form.

Platen Knob

This knob is turned backward or forward to position
the form only when the platen clutch is disengaged.

Vernier Knob

The vernier knob is used to obtain exact registrations
in relation to the horizontal lines. The platen ad-
vances, thus lowering the printing on the form, when
the knob is turned counterclockwise. Turning the
knob in a clockwise direction causes the printing to
occur higher on the form. In either case, the carriage
tape is not affected and adjustments can be made
while the platen is engaged and while the machine is
in operation.

Form Thickness Adjustment Device

The distance between the printwheels and the platen
is adjustable, for thickness of paper stock or for vary-
ing number of copies, by the use of the form thickness
adjustment device (Figure 69) located on the left side
ot the carriage. This device contains seven positions
numbered from 0 through 6. When the dial is in the
0 position the printwheels are 14 (.125) of an inch
from the platen. Each of the remaining six positions
add to the 14 inch distance by approximately the
thickness of 114 cards. When the dial is set to 6 the
distance is increased to approximately .178 of an inch.
The dial should be set wherever the best results are
obtained. To adjust for varying thicknesses, the dial is
pulled out and is turned to increase or decrease the
distance between the platen and the printwheels.

Pressure Release Lever

When the lever is pushed back, the feed rolls are re-
leased so that the paper can be moved freely around
the platen. Pressure should always be released when
the forms tractor for the 407 is in use. Pressure should
be applied when the forms tractor is not in use,

Platen Shift Wheel

The platen can be shifted laterally a total of four
inches by turning the platen shift wheel. For example,
with the carriage in the extreme left position, the car-
riage can be moved four inches to the right. This ad-
justment should not be made while the machine is
in operation.

Figure 68. Carriage Features

Figure 69. Left Side of Carriage
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Figure 70. Front of Carriage

End-of-Form Stop

The end-of-form stops (Figure 70), located in the
center and near either end of the carriage, stop the
machine when the carriage runs out of paper, pro-
vided the form-stop toggle switch it turned on. The
forms feed under the end of form stops and when the
bottom edge of the last form passes them, the machine
stops. The distance between the end-of-form stops and
the printing line is approximately 10 inches. If the
end-of-form stop is not desired, the form-stop toggle
switch is turned off.

Forms Tractors

The 1IBM F-2 Forms Tractor—6 or 8 lines per inch
spacing
The IBM F-4 Forms Tractor—6 or 4 lines per inch
spacing
The F-2 (Figure 71) is standard. The F-4 may be speci-
fied in place of or in addition to the F-2. Forms trac-
tors for machines with serial number 407-16139-LW or
higher, are not interchangeable with those for ma-
chines with a lower serial number. Within these
groups forms tractors are interchangeable.

Each of these devices is used for feeding marginally
punched continuous forms and each has two adjust-
able tractor-type pin feed units, one for each side ol
the form. It can be freely inserted in the carriage by
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first positioning the carriage paper guides to the far
left and right sides of the carriage, and by hooking the
rear pin of the forms tractor in position and then
lowering the front.

The F-2 provides the choice of 6 or 8 lines to the
inch spacing, and with the F-4 the operator may
choose between 6 or 4 lines to the inch spacing. On
the F-2 this adjustment can be made by moving the
shift cam until its pointer is positioned between the
two scribed lines at either the 6 or the § on the side
frame (Figure 72). If the pointer cannot be positioned
between the scribed lines, a tooth-on-tooth condition
exists between the platen gear and the forms tractor
drive gear. In this case, move the shift cam to release
the pressure on the 6- or 8-line drive gear and turn
the platen slightly to allow the teeth to engage fully.
A similar procedure should be followed when posi-
tioning for 6 or 4 lines-per-inch spacing on the F-4,

4,6, or 8 Lines-per-inch Spacing

Regardless of the setting of the forms tractor (F-2 at
6 or 8 lines per inch, or F-4 at 6 or 4 lines per inch),
the platen moves at 6 lines per inch. When the F-2 is
spacing at 8 lines per inch, the platen has a tendency
to move the back copies of a multicopy form faster
than the original and front copies, even though the
pressure release lever is disengaged. For this reason
single spacing on the F-2 at 8 lines per inch is not
recommended where the accuracy of line spacing is
critical.
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Figure 71. 1BM Forms Tractor

The control tape for 8 or 4 lines-per-inch spacing is
punched as it would be for normal 6 lines-per-inch
spacing. Each line on the tape always equals one line
on the form regardless of whether the latter be 4, 6 or
8 lines per inch. In measuring a control tape for a
document printed 8 lines to the inch, every 14 inch on
the form represents one line on the tape. Similarly, in
4 lines-per-inch printing, every 14 inch on the form
represents one line on the control tape.

Normal spacing is 6 lines per inch. Variations that
must be considered for 8 or 4 lines-per-inch spacing
are illustrated in Figure 73.

BT W,
R
ch Ee

~ 'shift Cam Pointer
8 Lines per Inch

6 Lines per

Figure 72. Forms Tractor Shift Cam Assembly

Steps in Using the Forms Tractor

1. After the forms tractor is in position, disengage
the platen clutch. Make sure that the platen and the
forms tractor can be moved freely by hand.

2. If the form to be used is less than 7 inches wide,
the center paper guide and paper-tension device can
be removed.

3. Move the left lower paper guide and tractor
slightly to the left of the first printing position, place
the first form between the left and right lower paper
guides, and move the right guide in against the edge
of the form. Allow a slight clearance so that the form

* 6 LINES PER INCH 8 LINES PER INCH 4 LINES PER INCH
F-2 and F-4 F-2 F-4
- Carr. Tape| Distance on |Carr. Tape| Distance on ||Carr. Tape| Distance on
Lines Form Lines Form Lines Form ;
Maximum Length of Form 132 Lines 22 Inches 132 Lines | 16 1/2 Inches|l 132 Lines 33 inches
. Formis 11/2
Length of Form Compared S Form is 3/4 as times as long
with Length of Tape ame long os one as one tape
tape revolution .
revolytion
Short Skip 12 Lines 2 Inches 12 Lines 1 1/2 Inched 12 Lines 3 Inches
Maximum Maximum Maximum Maximum Maximum Maximum
Distance to Move First Printing Approximatel Approximatel
Line Back from Indicator to Printf{ 14 Lines | 2 1/3 Inches 19 Lines ZPIF;3 Inches : 9 Lines 2’)]‘;3 Inches :

# Vernier adjustment may be necessary

Figure 73. Lines-Per-Inch Spacing Chart



End of Form Stop

Figure 74. Carriage, Ready to Operate

slides freely between both guides. Tighten both lock-
ing rings to hold the guide assemblies in place.

4. With the pressure rolls engaged, insert the form
over the forms tractor paper guides, under the round
rod, and then into the pressure rolls and platen. Turn
the platen by hand until the end of the form can be
grasped.

5. Raise the pressure plates away from the tractor
I I y
pins.

6. Release the pressure rolls and position the pin-
feed holes in the tractor pins.

7. Lower the pinfeed pressure plates.

8. Set the form so that the first printing line is even
with the first printing line indicator mark on the
lower part of the pressure plates; then turn the form
back fourteen spaces if spacing is set for 6 lines per
inch, nineteen spaces if set for 8 lines per inch, and
9 spaces if set for 4 lines per inch. Finer adjustments
may be achieved by use of the vernier knob.

9. Insert control tape, restore carriage, and engage
the platen clutch. Figure 74 shows the carriage ready
to operate.

Six or Eight Lines-to-the-inch Spacing Device

The standard carriage tapes for the 1M 922 carriage
may be used for either six or eight lines-to-the-inch
spacing. It must be remembered, however, that a line
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on the tape remains a line regardless of whether print-
ing is for six or eight lines to the inch.

For printing six lines to the inch, the tape can be laid
alongside the form, and tape punching can be easily
determined line for line.

For printing eight lines to the inch, an ordinary ruler
should be used. The ruler will show where to punch
the holes in the tape, not by inches, but by lines. For
example, il the first line is to be printed 1 6/8”<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>