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Figure 1.

An 1BM 1401 Data Processing System



The 1BM 1401 Data Processing System (Figure 1) is an
intermediate-size, solid-state, high-speed processing
system with the program flexibility of larger systems.
A 1401 system may consist of only those components
that are required to meet the present needs of a com-
pany. Later, as the recordkeeping requirements of the
business continue to mount, the system can be ex-
panded to meet the increased burden. The 1401 per-
mits various configurations for processing card records,
magnetic tape records, disk records, and character-
sensed documents.

The 1401 system provides high-speed input/output,
arithmetic and logical ability, and the advantages of
stored-program techniques. It handles variable-length
alphamerical data and program instructions.

1M 1401 Data Processing Systems can be considered
in three basic concepts: card systems, tape systems,
and disk storage systems.

1BM 1401 card systems are planned for procedures
involving large volumes of card documents as source
data and output, with particular advantage to applica-
tions requiring reentry data.

M 1401 tape systems are for handling magnetic
tape, with all the advantages of compact record han-
dling and storage for high-speed data processing.

M 1401 disk storage systems permit rapid random
access to large volumes of repetitive data without the
necessity of processing large card volumes or sorting
tape records.

This guide gives the information needed to operate
the basic units of a 1401 system. The features and op-
erating procedures are described. Programming for a
1401 system is described in other publications.

Features and Operations

The features and standard procedures used to operate

each of the units of an 1M 1401 Data Processing Sys- -

tem are described in this section. In addition, several
system operations, which utilize two or more units, are
discussed at the end of this section.

IBM 1401 Data Processing System
Operator's Guide

IBM 1401 Processing Unit

The 1BM 1401 Processing Unit (Figure 2) contains the
core storage and circuitry that perform the system
logic. Storage capacity is 1,400; 2,000; 4,000; 8,000;
12,000; or 16,000 alphamerical characters of 8-bit core
storage. These eight bits consist of six bits for binary-
coded decimals, a check bit, and an eighth bit for field
definition.

A console (Figure 3) is located on the upper left
front of this unit, and serves two functions: it is the
primary operator control panel of the computer, and
it indicates the status of the system at any time. The
console consists of keys, switches, signal lights, and
dials for the processing unit and for certain functions
of other units in the system. When a key is pressed, it
lights to indicate that the function is controlled by the
key. During automatic operation, the keys serve as
lights to indicate that the corresponding function is in
operation.

The console also contains back-lighted display lights
that show the bit configuration of data in the system

Figure 2. 1BM 1401 Processing Unit
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Figure 3. 1M 1401 Console

registers. The bit configuration of each character in
each of the machine’s logical elements is shown in
binary-coded-decimal form (including -check-bit and
word-mark status). The data can be displayed one
character at a time.

The various lights on the console are joined by con-
necting lines that constitute a data-flow schematic.
This can be used by the operator in tracing the path of
data through the 1BM 1401 Processing Unit.
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An auxiliary console panel (see Figure 7) is also
located on the 1401 processing unit, below the main
console. It permits additional operator control of the
system.

In the following descriptions of Features, these sec-
tions refer to the main console: Control Keys and
Switches, Mode Switch, Registers’ Keys and Lights,
Logic Lights, Signal Lights. The last section refers to
the Auxiliary Console Switches.



Features

Control Keys and Switches (Figure 4)

Power On

This yellow key-switch turns onx the main power sup-
ply for the entire system. After it is pressed, the POWER
light on the 1BM 1402 Card Read-Punch, the prINT-
READY light on the 18M 1403 Printer, and the POWER oN
and reapY lights on the 1M 1405 Disk Storage should
be backlighted.

Power Off

This key-switch turns orr the main power supply for
the entire system.

Emergency Off

In an EMERGENCY, pull this switch to disconnect all
power distributed within the system. The switch must
be manually reset by an 1M customer engineer, before
power is restored to the system.

Start

This green key initiates or resumes machine operation
after a manual, programmed, or automatic stop. The
specific operations performed, when this key is pressed,

Figure 4. Control Keys and Switches; Mode Switch

are determined by the setting of the 1401 mode switch
(see Mode Switch):

1. When the switch is set at RUN or ADDRESs sTop, the
START key on any unit can be used to start system
operation.

2. When the switch is set at SINGLE CYCLE PROCESS, the
START key on any unit causes the program to ad-
vance through one machine cycle.

3. For all other settings of the mode switch, the sTART
key on the 1401 is used to perform the operation
specified by the switch.

If an error indication occurs in any unit, the start
keys are inoperative until the check reset key for that
unit is pressed.

Stop

This red key stops system operation at the completion
of the program instruction in process. (In a few pro-
gram instructions, however, operation may stop at the
end of the I-phase. See 18M 1401 System Logic: Phases
of Operation.) This stop key can be used interchange-
ably with the stor keys on the 1Bm 1402 Card Read-
Punch and the 1Bm 1403 Printer.

When a programmed halt occurs during processing
(Op register displays BA821), this key lights to indi-
cate to the operator that a planned stop, rather than an
error condition, has occurred. The light turns oFF
when the starT key is pressed.
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Check Resetf

If the processor checking circuits detect an error, this
key-light turns on. Following a processing error, this
key must be pressed to turn off the process light and
make the starT key effective, so that operation can be
restarted.

Start Reset

This key resets the system so that the operator can re-
start system operation. It performs these functions:

1. Turns oFF all signals that were turned on by the
previous operation.
2. Removes the operation code from the Op register.

3. Removes the number from the INSTRUCTION LENGTH
register.
4. Turns oFr the ovrLo light in the Locric block.

The start reseT key does not affect information in
core storage or in the address registers.

Before a new job is started, this key must be pressed
to reset the 1401 system.

1/0 Check Stop

When this toggle switch is oN (up), system operation
stops at the completion of an input or output operation
if any one of these errors was detected:

® Hole-count check in the 1402 read feed.
® Hole-count check in the 1402 punch feed.

® Validity check in a 1402 read or punch feed read
operation.

® Print check.

If the 1/0 cuEck sToP switch is oFfF (down) and any
one of these errors is detected, the error condition is
ignored and operation continues. The program would
ordinarily have a series of error tests (BRANCH IF READER
ERROR, BRANCH IF PUNCH ERROR, and BRANCH IF PRINTER
ERROR instructions) which would interrogate the error
possibilities and implement appropriate action. For in-
stance, the test for reader error might branch to a sub-
routine that would check each column for validity. If
all characters were valid, a reader check condition
would be assumed, and the program would be directed
to a specific halt. If a column (or columns) was found
to be invalid, the program might be written to auto-
matically insert a corrected character in some cases,
and cause a program halt in other cases, depending on
what character and column was invalid.

The I/0 check stop switch should always be on to
take advantage of the built-in checking facilities of the
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system, unless appropriate program branch tests are
made.

Sense Switches

Seven sense switches are available to control program
operation. Switch A is standard in all 1401 card sys-
tems, and controls last-card operation. The other six
switches (B, C, D, E, F, and G) are standard in 1401
Models C and D, and may be included as special fea-
tures in all other models.

These toggle switches act as setup switches, and
should be set on or orr for a job before operation
starts, A switch is on when it is turned up. Sense
switch A detects the last card of a run. It can be used
to direct programming to a routine that has been pre-
pared specifically for handling operations at the end of
the job, such as printing final totals. The setting of
the other six switches depends on the programmer,
and should be specified in the operator’s instructions.

Manual Address
These four dial switches are used to:

® Set up an address to be entered in a storage address
register.

® Select a storage location for display or alteration,
without disturbing the contents of the address
registers.

The address dials are effective only when the mode
switch is set at one of these five positions:
ALTER
CHARACTER DISPLAY
. ADDRESS STOP
. STORAGE PRINT-OUT
. STORAGE SCAN

G W

For operator convenience, the four dials are pro-
vided to set up a 5-position actual numerical address
that is then coded internally into a 3-position alpha-
merical address. For example, an address of 3146 is
converted to A46 (see 1BM 1401 System Logic: Address.
ing for the coding of other addresses).

Tape Load

This key is used to load (into core storage) a program
that is written on tape.

When TAPE LoAD is pressed, tape unit 1 is automati-
cally selected, and tape data starts loading at address
001 and continues until an interrecord gap is sensed.
Then an automatic branch back to 001 occurs, and the
instruction beginning in 001 is executed.



Tape Select

During automatic operation, this dial switch is set to
N (normal position). To select a particular tape unit
for a manual operation, such as backspacing, this
switch is set to the number (1-8) that corresponds to
the tape unit.

The D (diagnostic) setting of this switch allows char-
acters to be read into core storage just as they appear
on the tape (or disk) record, without internally cor-
recting any parity errors. This setting is used to locate
the error position when system operation stops because
a tape or disk parity error was detected.

Whenever the 1401 is operating in the overlap mode,
this switch must be set to the N position, regardless of
whether or not a tape unit is used. Setting this switch
at any other position causes improper system operation.

Backspace

When the TAPE sELECT switch is set for a specific tape
unit (1-6) pressing this yellow key once causes the tape
in the selected unit to backspace until an interrecord
gap is reached.

Mode Switch

This dial switch (Figure 4) selects any one of the nine
modes of machine operation described in the follow-
ing paragraphs.

Run: When the mode switch is set to ruN, the system
is under control of the stored program. This is the nor-
mal setting for this switch. All other settings provide
for special operations.

Alter: The mode switch is set to ALTER:

® To manually change the address in any of the ad-
dress registers (see Altering an Address in an Ad-
dress Register)

® To manually change a character in the A- or B-regis-
ter (see Altering a Character in the A- or B-Register)

® To manually change the contents of a storage loca-
tion (see Entering a Character in Storage)

® Before turning the power oN or oFF (see Turning
the System On and Turning the System Off).

I/EX (Instruction/Execution): When the mode
switch is set to 1/Ex, the first time the stamrT key is
pressed the machine reads one complete instruction
from core storage to the address and character regis-
ters, and then stops. This is called the instruction phase
of the operation.

The next time the start key is pressed, the machine
executes the instruction (performs the operation called
for by the operation code entered in the Op register
during the I-phase). This is called the execution phase
of the operation.

Repeatedly pressing the start key results in alternate
instruction and execution phases.

If a 1407 console operation is performed with the
MopE switch set to 1/ex, the 1401 does not stop be-
tween the instruction and the execution phases.

Character Display: This setting of the mode switch
is used to display, on the console, a character in core
storage. When the start key is pressed, the character
at the address selected by the MaNUAL ADDRESS dials is
shown in the B-register block,

Storage Print Out: This mode of operation permits
any 100-character block of storage to be printed. The
two high-order MANUAL ADDRESS dials select the desired
block of storage. For example, if 12xx is set up and the
sTART key is pressed, the 100 characters in block 1201-
1300 are printed in print positions 1-100, on a 1403
Model 1. If a 1403 Model 2, or a 1404, is attached to
the system, 132 positions are printed. This consists of
the one hundred positions specified by the dials, plus
32 positions of the next hundred block. After the char-
acters are printed, another print cycle occurs automati-
cally and prints 1’s on the following line to indicate the
word marks associated with the data.

Single Cycle Process: This mode is used primarily
in debugging a program. Each time the start key is
pressed, the system takes one .0115-millisecond storage
cycle, and then stops. The results of that cycle are dis-
played on the console for operator reference.

The start key must be pressed repeatedly to advance
through the instruction (I) and execution (E) phases
of one operation. The I-phase requires a minimum of
two and a maximum of nine cycles to transfer an in-
struction from storage to the registers for execution.
The number of cycles depends on the length of the
instruction.

Each pressing of the start key moves one position of
the instruction to the proper register. (The Op register
contains the operation code, the A-address register
contains the A-address, the B-address register contains
the B-address, and the A-register contains the d-modi-
fier.) Then the corresponding register lights display
the character, and the NsTRUCTION LENGTH light shows
which position of the instruction was transferred. (See
BM 1401 System Logic: Phases of Operation for a
more detailed description.)

To execute the operation called for by the Op code,
the E-phase requires a storage cycle for each character
involved in the operation, and two cycles for analyzing
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the sign position. For example, if a 2-position number
is to be added to a 3-position number, seven cycles are
required. However, if an input or output operation
(without read or punch release) is executed, all the
execute cycles are executed immediately when the start
key is pressed.

Continued use of the starT key in this mode of op-
eration advances the program, cycle by cycle, through
successive instruction and execution phases.

Single Cycle Non-Process: This mode is similar to
the single cycle process mode. It is used primarily to
observe the results of arithmetic operations, one char-
acter at a time, without destroying the original data
(in the B-field). The results of the calculation are dis-
played in the rocic block but they are not stored.
Therefore, this same calculation must also be made in
the ruN mode if the results are valid and required for

the completion of the job.

In this mode, data does not enter storage from the
A-register or from the logic unit. Data enters storage
from the B-register only.

This mode of operation cannot be used for input or
output operations.

Address Stop: This setting of the mode switch per-
mits stopping system operation at a specified point in
the program. It is commonly used in program testing
operations. When the starrT key is pressed, in this mode
of operation, processing continues until the address set
up in the MANUAL AppREss dials is reached (moved to
the storage-address register), and then it stops. Any
storage address except the following may be used:

1. The I-address of a reader, punch, or printer instruc-
tion.

2. The B-address of a tape, disk, or console inquiry
station instruction. ‘

Storage Scan: This mode checks core storage to find
any position(s) that contains incorrect parity. With cor-
rect parity, a character in storage consists of an odd
number of bits. With incorrect parity, it has an even
number of bits (See 1BM 1401 System Logic: Internal
Checking for a more detailed description of parity.)
This mode is also used after an error indication on an
input or output operation, to locate the particular po-
sition that caused the error signal.

With the start key held pressed, checking of stor-
age starts at the address set up in the MANUAL ADDRESS
dials, and continues until the error is located. If no
error is detected, checking continues as long as the
start key is held. For this checking operation, each
position of storage is automatically read out to the
B-register where it is checked for parity.
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When an error is located:

1. The B, sTORAGE, and PROCESS lights turn on.

2. The position (address) of storage that contains the
error is shown in the sTORAGE AppREss display block.

3. The contents (character bits) of the storage posi-
tion in error are shown in the B-register display
block.

4. If the storage scan is performed immediately after
a reader check, punch check, or printer check sig-
nal, the corresponding input or output unit light
(READER, PUNCH, Or PRINTER) also turns oN when the
error position is detected.

Because scanning stops at the first error, and since
more than one error may have occurred when the error
signal was given, the start key should again be held
down to continue the scanning operation.

If the sTART key is released at any time, scanning
stops. In this case the character displayed in the B-
register block is not in error, unless the B light is on.

Whenever a storage scan operation is performed, the
A-register must contain some valid character because,
if it does not, operation stops with the procEss light
oN. Frequently the A-register does not contain a char-
acter when power is turned on. Therefore, if storage is
to be scanned for parity errors at that time, a character
must first be entered in the A-register by setting the
mode switch to ALTER, and then pressing A ADD REG
and START.

Registers’ Keys and Lights

Registers are used by the 1401 system to process a
program stored in core storage (see 1BM 1401 System
Logic). There are various types of registers that are
capable of receiving information from core, storing it,
and transferring it as directed by control circuits
within the system. For operator reference, the con-
dition of these registers at any particular time during
processing is reflected by lights and keys on the
console (Figure 5).

The 1401 has seven basic registers. Four are address
registers: I-address, A-address, B-address, and storage
address. These contain the address of an instruction
character (I-address), of a data character to be oper-
ated on (A-address and B-address), and of the storage
location affected on each machine cycle (storage ad-
dress). Three are single-character registers: Op regis-
ter, A-register, and B-register. The Op register contains
the operation code. The A-register contains a character
from the B-register on each instruction cycle, except
the first and last, and on each execution cycle that in-
volves the A-address field. The B-register contains the



character read from core storage on each machine
cycle.

Other registers are provided for special operations,
such as an O-address register for the processing-over-
lap special feature, and the A-auxiliary and B-auxiliary
registers for the multiply-divide special feature.

I-Add Reg

The yellow I-address register key-light is pressed to
display the address in the I-address register. This ad-
dress is displayed in the storaceE appress block, and
the key-light turns oN. Pressing this key turns orF any
other register key-light(s) that is lighted.

In an automatic operation, if processing stops at the
end of an individual instruction (I) cycle, this key
lights and sToRAGE AppREss shows the address of the
last instruction character transferred from core storage
to an address register.

A-Add Reg

The yellow A-address register key-light is pressed to
display the address in the A-address register. This
address is displayed in the sTORAGE ADDRESS block, and
the key-light turns on. Pressing this key turns orr any
other key-light(s) that is lighted.

In an automatic operation, if processing stops at the
end of an individual execution cycle involving the
A-address, this key is lighted and STORAGE ADDRESS
shows the address of the last A-field character read
out from (or into) core storage.

B-Add Reg

The yellow B-address register key-light is pressed to
display the address in the B-address register. This
address is displayed in the sToraGE ApDRESS block, and
the key-light turns o~. Pressing this key turns oFr any
other key-light(s) that is lighted.

Figure 5. Registers’ Keys and Lights, Logic Lights, and Signal Lights

*
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In an automatic operation, if processing stops at
the end of an individual execution cycle involving the
B-address, this key is lighted and sTORAGE ADDRESS
shows the address of the last B-field character read
out from (or into) core storage.

O-Add Reg

The yellow O-address register key-light is used in con-
junction with the processing-overlap special feature.
It is pressed to display the address in the O-address
register. This address is displayed in the STORAGE
ADDRESS block, and the key-light turns ow.

In an automatic operation, if processing stops at the
end of an individual cycle involving the overlap fea-
ture, this key is lighted and sTORAGE ADDRESs shows the
address of the last character read out from (or into)
core storage in the overlap mode.

The O-address register key-light may turn o~ at the
same time as any other address register key-lights.
Pressing any other key-light turns orr the O-address
register key-light, but pressing this key-light does not
turn ofF any other key-light.

A-Aux Reg; B-Aux Reg

The yellow A-auxiliary register and B-auxiliary register
key-lights are used in conjunction with the multiply-
divide special feature. Either one is pressed to display
the address in the corresponding address register. The
address is displayed in the sTORAGE ApprEss block, and
the key-light turns on. Pressing either of these keys
turns ofF any other key-light that is lighted.

In an automatic operation, if processing stops at the
end of a multiply or divide cycle, the corresponding
key is lighted and sTORAGE ADDRESS shows the address
of the last storage position read out from (or into) core
storage for the multiplication or division operation.

Storage Address

This block serves two purposes: to indicate an error
condition in the storage address register, and to dis-
play a core-storage address.

When an error is detected in the storage address
register, the words STORAGE ADDREss are lighted and
the address is displayed. This light turns on if:

® A parity or validity error occurs in the storage ad-
dress register.,

® An address is developed that is invalid on the par-
ticular system in use (for example, an address of
6500 for a 4,000-position system).
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® A wraparound of core storage occurs. This program-
ming error is discovered; indicating that word marks
were either missing or incorrectly placed in the data
fields being operated on by the instruction. Most in-
structions require a word mark following the in-
struction itself, and a word mark in either the A- or
B-field. The 4-position CLEAR STORAGE instruction
does not give this error when core-storage position
000 is cleared.

If the error is detected during an input or output
operation, that operation is completed before the sys-
tem stops. If it is detected at any other time, system
operation stops at the end of the cycle in which the
error is detected. The storage-address error signal is
turned oFF by pressing the check reset key.

The backlighted numbers in the STORAGE ADDRESS
block are used to display an address of core storage.
For operator convenience, an address is displayed as a
4-position numerical address, which corresponds to a
coded 3-position alphamerical address in core storage.
For example, an address displayed as position 1587 is
coded V87 in core storage (see 18M 1401 System Logic:
Addressing). Each position of the address is displayed
in BCD code, with a check bit if required (see 18m 1401
System Logic: BCD Codes). The address 1587 would
be displayed as shown in Figure 6.

The thousands position of the storage address regis-
ter is unique in that one set of lights are used to dis-
play thousands addresses from Oxxx to 15xxx. If the
address being displayed is below 999, the thousands
position of the storage address register is blank. If the
address being displayed is from 1xxx through 9xxx, this
position shows the normal bit configuration for the nu-
merical value of the address position. Addresses in the
10,000 range are represented by lighting the 0 and 8§
lamps. The thousands position of addresses above
10,000 are represented by two or more lights. For in-
stance, the 1, 2, and 8 bit lights are on for any address
in the 11,000 range, while the 2, 4, and 8 bit lights are
on to represent any address in the 14,000 range.

STORAGE ADDRESS

C

1 1 1

Figure 6. Storage Address 1587 Displayed



An address is automatically displayed whenever
system operation stops. The address register key-light
that is on indicates which address register the bits
represent and, indirectly, the cycle at which the halt
occurred. If an error has been detected in the storage
address register, STORAGE ADDRESS is lighted to indicate
this, and the address displayed can be checked for a
parity or validity error. An address may be displayed
manually by pressing an address register key (1 App
REG, A ADD REG, B ADD REG, O ADD REG, A AUX REG, Or
B AUX REG).

or

Any time system operation stops, the operation code
in effect is displayed by the backlighted numbers in
the op block. This is shown in BCD code, with a check
bit if required (see 1M 1401 System Logic: BCD
Codes).

If a parity (even parity) or validity error is detected
in the operation register, the word op is lighted.
System operation stops at the end of the next storage
cycle, a 1 appears in INSTRUCTION LENGTH, and the
faulty operation code is displayed. This light is turned
OFF by pressing the check reset key.

B

If even parity (error condition) is detected in the B-
register, the letter B is lighted. System operation stops
and the erroneous character is displayed below in BCD
code, with its check bit and word mark if present (see
1BM 1401 System Logic). This light is turned orr by
pressing the check reset key.

A

If even parity (error condition) is detected in the A-
register, the letter A is lighted. System operation stops
and the erroneous character is displayed below in
BCD code, with its check bit and word mark if present
(see 1M 1401 System Logic). This light is turned orr
by pressing the check reset key.

Instruction Length

This block provides the backlighted numbers 1-8 and
letters op. The number displayed in this block tells the
length of the instruction being executed, if processing
stops during the execution phase of an operation.

If processing stops at the end of an instruction cycle,

the number (or letters) indicates the position of the.

instruction transferred from core storage to a register
on that cycle. The or signal lights if operation stops

at the end of the first instruction cycle. That cycle al-
ways transfers the Op code from storage to the Op
register. On any other instruction cycle, the lighted
number tells the number of the position following the
Op code.

Logic Lights
This block (see Figure 5) performs four functions:

1. Signals error conditions. System operation stops and
the word vocic is lighted if an invalid character is
detected by the 1401 adder. The system uses the
adder for all arithmetic operations. The adder is
also used in conjunction with card read and card
punch operations, and for a programming function
known as indexing. If the error is found during an
input or output operation, the system stops at the
end of the operation. At any other time, the sysem
stops at the end of the eycle in which the error is
found. This rocic light is turned orF by pressing the
check reset key.

2. Displays invalid character. When system operation
stops because an error condition is detected in the
adder during an arithmetic or indexing function,
the invalid character is displayed at the right in the
rocic block. This character results, at the end of a
storage B-cycle, from an error in one individual ad-
dition (out of the series of add cycles that constitute
any calculation in the 1401). The character is dis-
played in BCD code (see 18Bm 1401 System Logic:
BCD Codes).

If the error condition is detected during an input
or output operation, the invalid character may or
may not be displayed, depending on the nature of
the failure and when it occurred.

3. Indicates an overflow. If an arithmetic overflow
condition exists in the machine, the ovrro signal is
backlighted. This signal is turned orr by executing
a program instruction that tests the error condition,
or by pressing the start reset key. If the key is used
and then CLEAR STORAGE cards are fed at the begin-
ning of a program, however, the ovrLo signal turns
ON again,

4. Indicates result of a comparison. When program-
ming compares the A- and B-fields of an instruc-
tion, the result is indicated to the operator by the
signal that is backlighted:

B < A Unequal condition
B = A Equal condition

B > A Value of the B-field is greater than the value of
the A-field, or the A-field is shorter than the
B-field

B < A Value of the B-field is less than the value of the
A-field. :
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The last two signals (B > A and B < A) are opera-
tive only when the high-low-equal compare special
feature is installed.

At the beginning of a programmed compare oper-
ation the equal (B = A) signal turns oN automatic-
ally, and all others turn orr. The equal signal re-
mains oN until it is turned oFfF by an unequal
condition (B4 A, B > A, or B < A).

Signal Lights

The lights at the top of the 1401 console (see Figure
5) represent each type of unit in the 1401 system. A
light turns on to indicate an error condition in the
corresponding unit, or to signal the operator that the
unit requires attention. Two or more of these lights
may be on at the same time.

Process

This light turns on whenever any error is detected in
the 1M 1401 Processing Unit and indicated by another
error light on the console, System operation may or
may not stop, depending on the setting of the cHECk
stop switch on the auxiliary console and on the type of
error condition (see Check Stop). This light is turned
oFF by pressing the check reset key, if the cHECk sTop
switch is on. If the switch is oFF, this light is turned
oFF either by pressing the check reset key or by exe-
cuting a program instruction that tests the error con-
dition,

At least one other light is always oN with the PRoCESS
light. The lights and their significance are:

® op — An invalid Op code, or an Op code that con-
tains a parity error, was transferred to the Op reg-
ister.

® STORAGE ADDRESS — A parity or validity error in the
storage address register, an address invalid for the
system in use, or a wraparound of core storage oc-
curred. A storage-address error can cause other lights
(such as sTORAGE, A and/or B) to turn ON.

® rocic — The 1401 adder contains an invalid charac-
ter. If the storace light and the A and/or B light are
also oN, the invalid character contains a parity error
(even parity).

® A and/or B — A parity error was detected in the cor-
responding register (A- or B-register).

® sTORAGE with A and/or B — A parity error was de-
tected as a character was entering core storage, or as
a character was being moved from one storage loca-
tion to another.
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RAMAC®

If an error is detected in the disk unit attached to the
system, this light turns on. It is turned oFr by pressing
the start reset key or by executing a subsequent disk
storage program instruction. When an 1M 1405 Disk
Storage unit is used, a light on that unit indicates the
particular error condition that was detected.

When power to the system is turned on, this RAMAC
light turns o~ and stays o~ until the disk unit is ready
to operate. Then it goes oFF automatically.

Tape

If an error occurs during a tape read or write opera-
tion, this light turns on but system operation does not
stop. A program instruction can be included to stop
operation, if desired. The light turns orr when any
subsequent tape operation is executed by the stored
program.

During a manual operation, with the TAPE SELECT
switch set to a tape drive number 1-6, the TapE light
is ON.

Ext 1/O (External Input/Output)

This light turns on when one of the external input or
output units and/or the direct-data-channel special
feature of the 1401 system requires operator attention.
The units are:

mM 1011 Paper Tape Reader

1M 1012 Tape Punch

BM 1412 Magnetic Character Reader
1BM 1418 Optical Character Reader
M 1419 Magnetic Character Reader
1M 1428 Alphameric Optical Reader

The light turns orr automatically when the condi-
tion that requires attention is corrected.

Reader

This light turns oN when the attached card reader re-
quires operator attention (empty hopper, full stacker,
card jam, clutch failure, hole-count error, or validity
error). System operation may or may not stop, depend-
ing on the type of condition and the setting of the 1/0
CHECK STOP switch.

This light turns oFr automatically when the condi-
tion is corrected in the card reader (see Restart Pro-
cedures for 1BM 1402 and 1BM 1403).

Punch

This light turns on when the card punch requires oper-
ator attention (empty hopper, full stacker, full chip



box, clutch failure, or hole-count error). System opera-
tion may or may not stop, depending on the type of
condition and the setting of the 1/0 cueck sTop switch,

This light turns oFF automatically when the condi-
tion is corrected in the card punch (see Restart Pro-
cedures for 1M 1402 and 1BM 1403).

Overlap

This light turns on when any process error occurs
during an overlap cycle. Ordinarily, the procEss light
is also on, along with an indication of the type of fail-
ure. However, if an A-register check occurs during a
tape-overlap cycle, only the overrar light turns on.
This light is turned oFr by pressing the check reset key.

Printer

This light turns o if an error occurs in the printer or if
the printer requires operator attention. System opera-

tion may or may not stop after the printer operation,
depending on the type of condition and the setting of
the 1/0 cHECk sToP switch.

This light turns orF automatically when the condi-
tion is corrected at the printer (see Restart Procedures
for 1M 1402 and 1B™M 1403).

Storage

This light turns oN when a parity error (even parity)
is detected in a character as it is read into storage. It
is turned oFF by pressing the check reset key.

Auxiliary Console Switches (Figure 7)

Bit Switches

Eight bit switches are used to alter characters in stor-
age. They provide for the 6-bit BCD code (B, A, 8, 4,
2, 1), a word-mark bit (M), and a check bit (C) for odd

NOT-PR
ADDR READ READ XFER START COMP
IN TO STOP SCAN FEED COMP LATCH
O+ O+ O+ O+ O+ O+ ©+V
DELTA
AND PROC
IN©+U NOT @+
STOP 1ST PCH PCH PROC DELTA
OUT CLOCK SCAN SCAN FEED CHECK OVLP
O-T ©-T O+ O+ O+ O+ O+ 200
556
CHECK STOP ENTER 800
556
FULL PRINT 800
STORAGE STORAGE
PRINT  SCAN
1/O CHECK \ | TAPE DENSITY
DISK WRITE RESET OFF ~1/0
OFF
~TAPE
i/O
R/P
Auxiliary Mode Switch Bit Switches

Figure 7. 1M 1401 Auxiliary Console
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parity. The switches can be used when the mode
switch is set to ALTER, and they are effective only when
the ENTER switch is turned on.

These toggle switches are oN when they are set to
the left, and they are orr when set to the right. The
OFF positions are indicated by dashes over the charac-
ters. The switches may be set to either position during
automatic operation.

Enter

This switch enters, into storage, the character selected
by the bit switches that are on. This switch is effective
when the mode switch is set to ALTER.

This toggle switch is a spring-loaded switch. Raising
the switch enters one character in storage. When the
switch is released, it returns to its normal position. The
character entered in storage is displayed in the B-
register block on the console. The address of the core
location affected is displayed in the STORAGE ADDRESS
block.

The EnTER switch can be used when the mode
switch is set to STORAGE SCAN, to enter a character in all
positions of core storage (for example, a check-bit to
clear all storage). For this, the sTART key is held down
while the enter key is raised and released. Less than
0.2 of a second are required to enter a character in all
16,000 positions of core storage.

Check Stop (Process)

When this switch is turned on (up), system operation
stops automatically if a process error occurs. When the
switch is oFF, operation stops only for errors detected
in the Op register, an address register, or an input/
output operation. It does not stop for other process
errors, such as a logic error or a parity error detected
when a character is moved from one storage location
to another.

Disk Write

When this switch is oN (up), normal disk-storage op-
erations can be performed. When it is turned oFF, this
switch facilitates testing programs by preventing the
writing of test data on permanent records in the disk
storage unit attached to the system. Program instruc-
tions to WRITE DISK Or WRITE DISK WITH WORD MARKS
are not executed, but all other disk storage instructions
are performed normally. When either of these two in-
structions is encountered, the switch prevents the
transfer of data from core storage to the disk surface.
Automatic comparison of the record address in core
storage and the address on the disk record is per-
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formed, however, and the unequal-address compare
signal turns on if an unequal condition occurs.

Regardless of the setting of the pisk WRITE switch, a
WRITE DISK CHECK program instruction must be per-
formed following a write operation. Because the data
in core storage has not actually been written on disk
when the pisk wWRITE switch is orF, a read-back-check
error indication occurs each time a write-disk-check
operation is performed. This can be tested by a pro-
gram instruction.

1/O Check Reset

This switch resets error conditions detected in an input
or output unit when the 1/0 cHECK sTop switch is OFF.
It is used primarily by 1BM customer engineers. How-
ever, it can be used with the 1/0 caECK sTOP switch ON,
to reset PRINT CHECK €ITOrS.

Avuxiliary Mode Switch
This dial switch can be set at any one of six positions:

Off: This is the normal setting. In this position, the
switch has no effect on system operation.

Full Storage Print: This position is effective only
when the system has more than 4,000 positions of
core storage (an 1M 1406 is included in the system).
It is used in conjunction with the mopE switch on the
main console to print the contents of all storage posi-
tions. When the MobE switch is set to STORAGE PRINT
out and the starT key is pressed, printing starts with
storage position 001 and continues until all positions
in storage have been printed. Word marks print as 1’s
under the corresponding data positions.

If a 1403 Model 1 is attached to the system, stor-
age data is printed out in blocks of 100 characters.
If a 1403 Model 2 or a 1404 is attached, a block of 132
characters is printed. However, the last 32 positions
printed on each line are repeated at the beginning of
the next line of data, For example, core positions 101-
132 print at the end of the first line and at the begin-
ning of the second line.

The printing operation can be stopped before all
positions are printed, if desired, by pressing the start
reset key and then turning the MoDpE switch on the
main console to RUN.

Print Storage Scan: This position is effective only
when the print-storage special feature is installed. It
can be used, in conjunction with the MopE switch on
the main console, to scan both the standard print area
in storage (positions 201-332) and the 132 special print-
storage positions. When the MopE switch is set to



STORAGE sCAN and the sTART key is pressed, scanning
begins at position 201 of storage, and at the first print-
storage position. Scanning continues through 132 posi-
tions in each area. During this procedure, the contents
of the standard print area are displayed in the B-
register, and the contents of the special print-storage
area are displayed in the A-register.

If an error is found in either register, scanning stops.
Otherwise, it stops at position 332, After an error stop,
resetting the error indication and pressing the sTART
key continues the scan.

The other three positions of this switch prevent
input/output operations from being performed in the
overlap mode. They are used primarily by M cus-
tomer engineers:

Tape I/0: This setting prevents magnetic tape or
serial input/output operations from being performed
in the overlap mode.

R/P (Read/Punch): This setting prevents card op-
erations from being performed in the overlap mode.

Tape 1/0 ®r/p: This setting prevents tape, serial
input/output, or card operations from being performed
in the overlap mode.

Tape Density

This 3-position switch controls the low- and high-
density rates of the 1BM 729 V Magnetic Tape Units
attached to the 1401 system. The three settings are
200-556, 200-800, and 556-800. The tape unit reads or
writes characters in one of the densities designated by
the switch.

The 1M 729-11, 729-1V, 729-VI and 7330 Magnetic
Tape Units operate at either 200 or 556 characters per
inch, regardless of the setting of the tape density
switch.

Sync Points

The synchronization points, shown in the shaded area,
are available to simplify the servicing of the system.
These points are only for the use of 1BM customer engi-
neers.

Operations

Altering an Address Register

An address in the I-address, A-address, or B-address
register can be manually changed by the operator. This
permits changing any address of any program instruc-

tion, for a one-time use, without affecting that address
stored in core storage.

1. Stop the operation at the appropriate point in the
program (see Stopping at a Predetermined Address).

2. Set the mode switch to ALTER.

3. Set up the desired address in the MANUAL ADDRESS
dials.

4. Press the address register key-light (1 App REG, A
ADD REG, Or B ADD REG) for the register to be altered.

5. Press START.

6. The address register selected in step 4 now contains
the new address. Check this address displayed in
the sToraGE aADDRESS block to make sure it is set up
correctly.

7. Press sTART RESET, if the operating instructions for
this job require it.

8. To resume operation, set the mode switch to rux
and press sTarT. If the I-address register has been
altered in this operation, processing will now start
with the program instruction stored at that address.

Altering the A- or B-Register

A character in the A-register or in the B-register can be
manually changed by the operator for a one-time use.
This does not affect the character stored in core
storage.

1. Stop the operation at the appropriate point in the
program (see Stopping at a Predetermined Ad-
dress).

2. Set the mode switch to ALTER.

3. Be sure the MaNUAL ADDRESs dials are set at zero,
or at some location outside the range of the stored
program, This is necessary because, when the fol-
lowing steps are performed, the character will also
enter the core storage location selected by the
dials.

4. Turn oN the bit switches (on the auxiliary console)
for the BCD coding of the new character. Include
the check and word-mark bits, if required.

5. Raise the ENTER switch (on the auxiliary console),
and then release it.

6. The B-register now contains the new character.
The character is displayed in the B-register block.
Check it to make sure it is set up correctly. The
letter B should not be lighted. If it is, make sure
the character you have set up contains odd parity.
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To enter a character in the A-register, continue with
steps 7 and 8.

7. Press the A-address register key.

8. Press sTArT. This moves the character from the B-
register to the A-register. Both registers now con-
tain the same character.

9. Since a character enters the A-register via the B-
register, the original B-character must be reentered
in the B-register (using steps 4-6) if it is to be re-
tained.

10. To resume operation, set the mode switch to ruN
and press START.

Entering a Character into Core Storage

A character may be entered into any position of core
storage manually by the operator. If some other char-
acter is already stored in that position, it is replaced by
the new one. This character may represent data or a
position of a program instruction.

1. Stop system operation.
2. Set the mode switch to ALTER.

3. Set up the storage address (of the character to be
entered) in the MANUAL ApDRESs dials.

4, Turn on the bit switches (on the auxiliary console)
for the BCD coding of the new character. Include
the check and word-mark bits, if required.

5. Raise the ENTER switch (on the auxiliary console),
and then release it.

6. The selected location now contains the new charac-
ter, and the character is displayed in the B-register
block. Check this block and the STORAGE ADDRESS
block, to make sure the correct character has been
entered in the correct location. The letter B should
not be lighted. If it is, check the parity of the char-
acter you have set up. If the character contains even
parity, correct it in the bit switches, press the cHECK
RESET key to turn oFF the B light, and repeat steps
5 and 6. If the character appears to be correct, the B
light probably indicates that the previous character
in the selected location was incorrect. Press the
cueck RESET key and repeat steps 5 and 6.

7. The same character can be entered into several stor-
age locations by repeating steps 3, 5, and 6.

Entering the Same Character in
All Storage Positions

When you want to enter the same bit configuration in
all core-storage positions (for example, to set each
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addressable location to C bits), proceed as follows:

1. Press the stop key if the system is not already
stopped.

2. Turn the mode switch to STORAGE SCAN.
3. Set the bit switches to the required bit configuration.

4. Press and hold the 1401 start key while you raise
the enter key and release it.

Note: If errors occur, see Storage Scan section.

Displaying o Core-Storage Character

A character in any position of core storage may be dis-
played on the console without disturbing the character
in storage.

1. Stop system operation.
2. Set the mode switch to CHARACTER DISPLAY.

3. Set up the storage address of the character in the
MANUAL ADDRESS dials.

4. Press sTaRT. The character is displayed in the B-
register block, and the location selected in step 3 is
displayed in STORAGE ADDRESS.

Printing Out an Area of Core Storage

For operator reference, information in core storage can
be printed out on the printer attached to the system.
One hundred storage locations are read out and
printed on one line, when a 1403 Model 1 is used.
When a 1403 Model 2 or a 1404 is used, 132 positions
are printed on one line. After the line of data, a line of
T’s is printed. They represent the word marks, in core
storage, associated with the data just printed.

1. Stop system operation.
2. Set the mode switch to STORAGE PRINT OUT.

3. Set up the storage address of the hundreds block in
the two high-order MaNuUAL ApDRESs dials. The two
low-order dials have no effect on the operation, and
it makes no difference where they are set. If 2560 is
set up, for example, characters will print from stor-
age locations 2501-2600 (or 2501-2632).

4. Press sTarT. One line of information and one line of
word-mark 1’s are printed.

If all of core storage is to be printed, steps 3 and 4
can be repeated for each hundreds block, or the aux-
iliary mode switch on the auxiliary console can be used
by following these steps:

1. Stop system operation.

2. Set the mode switch to STORAGE PRINT OUT.



3. Set the auxiliary mode switch to FULL STORAGE
PRINT.,

4. Press sTarT. Alternate lines of data and word-mark
1’s are printed. Printing starts with storage position
001 and continues through all core storage positions.
If a 1403 Model 2 or 1404 is used, the last 32 char-
acters in each line of data are the same as the first 32
in the next data line. Each line starts with a storage
position numbered a hundred plus one (for exam-
ple: 0101, 0201, 0301).

Other methods of printing from core storage use a
program written specifically for that purpose. A gen-
eral method for handling such a program is described
under Printing Out Core Storage (Program Control).

Stopping at a Predetermined Address

Processing can be stopped at a specified point in the
program. This is normally used during program testing
to permit the operator to investigate the condition of
the various registers and/or of core storage for a par-
ticular operation. To effect the stop, the storage ad-
dress of a position of a program instruction (for exam-
ple, the Op code) or the storage address of a position
of data is used. Processing stops as soon as this address
is reached, and before the instruction or data character
is read out from storage to a register.

1. Stop system operation.
2. Set the mode switch to ADDRESS sTOP.

3. Set up the storage address, at which processing is to
stop, in the MANUAL Appgress dials.

4. Press sTART. Processing continues until the address
set up in step 3 is moved to the storage address
register. Then it stops. Pressing sTART again repeats
the operation.

If a program is loaded with the mode switch set at
ADDERESS sTop, the loading operation stops twice at the
specified address before the program is processed. It
stops when core storage is cleared and when a charac-
ter is loaded into the specified address.

Note: The system does not stop when the address-stop
switch is set to a core-storage location containing an input/
output Op code, or when the switch is set to a location in the
data field of an input/output operation.

Scanning Storage

Core storage can be scanned to find the position(s)
that contains incorrect parity (even parity) or a hole-
count error, This operation is generally used after a
signal indicates that an error has been detected during

an input or output operation. The scan can be started
at any specified storage position, and it continues until
the error is located.

1. Stop system operation.
2. Set the mode switch to STORAGE SCAN.

3. Set up the storage address, at which scanning is to
start, in the MANUAL ADDERESs dials.

4. Hold staRrT pressed. Scanning starts at the address
set up in step 3, and stops when the parity error is
reached. Refer to the console for the address and
character displayed.

5. Correct the character by following these steps:
a. Set the mode switch to ALTER.
b. Set up the address displayed (step 4), in the
MANUAL ADDRESS dials.
¢. Turn on the bit switches (on the auxiliary con-
sole) for the proper coding of the character.
d. Raise the ENTER switch.

6. Check the character displayed in the B-register
block to make sure you set it up correctly.

7. Press CHECK RESET.
8. Return the mode switch to STORAGE SCAN.

9. Hold starT pressed again, to scan for any other
parity errors.

10. To resume operation:

a. Alter-in a restart address to start processing at
the desired program instruction (see Altering an
Address in an Address Register).

b. Set the mode switch to rRun and press START.

Pointers

1. Pull the EmMERGENCY OFF switch only in a true
emergency, since it must be reset by an 1M cus-
tomer engineer.

2. The starT REsET key must be pressed at the be-
ginning of a new job, before the roaD key, to clear
“the system of any signals or codes remaining from
a previous job. If any error lights on any unit in the
system are oN, they must be turned orr ahead of
pressing START RESET.

Note: If the system was stopped for any reason while a
multiply or divide operation was in progress, the start reset key
does not fully reset the system. The system must be single-
cycled through the next I-Op cycle. Then press the start-reset
key and proceed with the next job.

3. If you know there are invalid punches in card
fields not involved in your processing and you wish
to ignore the validity check, turn the 1/0 chHeck
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10.

11.

12,

20

stop switch oFr. The invalid punches are still de-
tected and the 1402 varmrry light turns ow, but
processing continues.

. Although invalid punched characters can be read

into core storage with the 1/0 cHEck stop switch
oFF, they lose their identity if they are also invalid
1401 characters. For example, if a card column is
punched with the digits 1, 3, and 5, only the digit 5
is stored. Digits 1 and 3 are lost. (See 1BM 1401
System Logic, BCD Codes for bit combinations.)

If last-card routines are planned by the program-
mer, be sure sense switch A is turned o~ before the
last card is read by the READ brushes.

. The manvaL appress dials should be set at zero

when they are not being used. If they are set at
some address, the data in storage at that location
may be inadvertently changed or destroyed during
an operation performed in the ALTER mode.

. If the tape select switch is set for a manual opera-

tion, be sure to return it to N when that operation
is completed and before automatic operation re-
sumes.

. If a program being tested includes tape operations

and the program is not advancing, check the tape
select switch to be sure it is set to N.

. If the program calls for reading cards and no cards

are feeding through the 1402, make sure the mode
switch is set to rRuN. This is the only setting that
permits card feeding under program control.

To determine if a particular position of core stor-
age contains a group-mark character, display this
position on the console. A group-mark character is
not printed by the 1403.

The sTORAGE PRINT OUT setting of the mode switch
can be used to great advantage in program testing,
because the contents of a block in core storage are
printed and can be easily examined by the pro-
grammer. A specific storage position can be lo-
cated by using the 1M Diagramming Template
(Form X24-5884), which has a ten-to-the-inch
printing scale.

If you are going to take a storage printout after a
programmed halt, press the start ResET key first to
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clear the system of any signals or codes set up by
the halt condition.

If operation stops during a storage print-out, and
the sTorAGE light is ON, a parity error was detected
in the print-out area.

These five settings of the mode switch are used
primarily for program debugging: 1/EX, SINGLE
CYCLE PROCESS, SINGLE CYCLE NON-PROCESS, STORAGE
PRINT OUT, and ADDRESS STOP.

If you want to know the address of the Op code in
effect when system operation stops, display the I-
address register in STORAGE ADDRESs and subtract

the number shown in the INSTRUCTION LENGTH
block.

When a character is displayed in the Locic block,
it may be off by a value of one on a single-cycle
operation because of the carry latch reset.

The most common errors signalled by the or light
are: a blank Op code (C-bit displayed) and a zero
Op code (C82-bits displayed).

When the process and sTORAGE ADDRESs lights are
oN, there will most likely be a move (CB4-bits) or
Loap (B21-bits) Op code displayed under op, and
the A- or B-address register will contain either
0000 or x999 (3999, for example). This is frequently
the result of a programming error — that is, no
word mark to stop the move or load operation, thus
causing a wraparound of core storage.

If both the reapER and puncH lights on the 1401
console are oN, stackers in the card read-punch are
probably filled. This is virtually the only time both
lights are oN at the same time.

The storace light on the 1401 console indicates
that a parity error exists somewhere in core stor-
age. No information is displayed in the sTorAGE
block.

When using the Brr and ENTER switches to manu-
ally enter characters into core storage, release the
ENTER switch after each character. Do not hold
ENTER raised while changing the MANUAL ADDRESS
dials to enter the same character in two or more
positions. This would damage the 1401 circuits.



The 1M 1402 Card Read-Punch (Figure 8) provides
the system with simultaneous punched-card input and
output. This unit has two card feeds.

Features

Read Feed

The read feed has a rated reading speed of 800 cards
per minute. Actual card speed is governed by the proc-
essing performed for each card. The read feed is

Figure 8. 1M 1402 Card Read-Punch

Punch Punch PUNCH FEED

Hopper Punch

Feed Punch
Read Check
Select
Stacker

fe————— TRANSPORT AREA ———————+|

LU

IBM 1402 qud Read-Punch

equipped with a device, for large-capacity loading,
called a file feed. The file feed device has a capacity of
about 3,000 cards. Cards may be placed in either e
file feed or the card hopper. The card weight should be
placed on top of the cards. To place cards in the card
hopper, the joggler gate must be opened (lowered). It
must be closed to permit card feeding during auto-
matic operation. To run cards out, this gate must be
either closed or held open at approximately a 45°
angle. Holding it partially open permits running cards
out of the card hopper without feeding cards from the
file feed to the hopper. '

Cards pass through the read side of the machine
9-edge first, face down. The feed path is from right to
left, under two sets of brushes (Figure 9). The read
check station reads 80 columns of the card to establish
a hole count for checking purposes. The read station
also reads the 80 card columns, to verify the hole count
and to transfer data into storage.

Punch Feed

The punch feed has a rated speed of 250 cards per
minyte. The card hopper capacity is 1200 cards. Cards
feed 12-edge first, face down. The feed path is from
left to right, Cards pass under a blank station, a punch
station, and a punch check station (Figure 9). The
punch station consists of 80 punch magnets for record-
ing information. The punch check station has 80
brushes that read the data punched in the card for a
hole-count check. If the punch-feed-read special fea-
ture is installed, a set of 80 brushes is positioned at the
blank station. «

READ FEED Read

) Hopper

Read
Read  Check
Select '
Stacker

NP 4 8/2
(Normal (Normal
Punch) Read)

Figure 9, Card Feed Schematic (at End of a Feed Cycle)
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Figure 10. Stackers

Stackers

The 1BM 1402 Card Read-Punch has five radial stackers
(Figure 10) with a capacity of 1,000 cards each. Cards
may be removed from the stackers without stopping
card feeding. If a stacker becomes full, operation stops
and the stacker light turns on.

Cards from each feed can be program-directed to
three of the five pockets. The cards from the read side
go to the NR (normal read) pocket unless program-
directed to pocket 1 or pocket 8/2. The cards from the
punch side go to the NP (normal punch) pocket unless
program-directed to pocket 4 or pocket 8/2. Thus, the
center pocket (8/2) can receive cards from either feed.

Switches (Figure 11)

Punch On/Of

This switch controls the punch unit of the machine.
When it is oFF, the punch is inoperative. When it is
oN, the machine operates if all the interlock circuits in
the punch are satisfied.

Reader On/Off

This switch controls the read unit of the machine.
When it is oFF, the read feed is inoperative.

Switch  Key Lights

Kelys

Keys (Figure 11)

Start

This green key is used to initiate machine operation
after a manual, programmed, or automatic stop. This
sTART key can be used interchangeably with the sTarT
keys on the 1BM 1401 Processing Unit and the mwm
1403 Printer.

Stop

This red key is used to stop the system. If a program
step is in process, it'is completed before operation
stops. This stop key can be used interchangeably with
the stop keys on the 1M 1401 Processing Unit and the
18M 1403 Printer.

Load

This yellow key is used to start loading program in-
struction cards. Pressing the load key operates the read
feed until a card has passed the read station. The I-
address register is set to 001, and a word mark is set
in address 001. All other word marks in addresses 002
through 080 are removed.

When the card is read at the read station, the pro-
gram starts and executes the instruction that is
punched in the first columns of the card. Continued
operation is completely under control of the program
cards first, and then of the stored program, and does
not require intervention by the operator.

When the punch switch is on, pressing the load key
also starts the punch.

Check Reset

This white key must be pressed to reset any punch or
read error indication (PUNCH/READ CHECK, PUNCH/READ
STOP, TRANSPORT, VALIDITY), S0 that the sTtArt key can
become effective to resume operation.

This key is effective only when the feed unit in error
is cleared of cards.

Li g:his Key Swjtch

N —

PUNCH  FUSE
CHECK
CHIPS
PUNCH
STOP STACKER

CHECK
RESET

POWER  READER
CHECK
TRANSPORT
READER
sTOP

VALIDITY

Figure 11. 1M 1402 Keys, Lights, and Switches
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Non Proc Run Out

Two nonprocess run-out keys are provided: one for the
punch feed, and one for the read feed. These keys are
used to clear cards from the corresponding feed. When
the punch-feed run-out key has been pressed, the last
two cards in the normal stacker are not punched, and
the third-from-last card has not been checked. This
key is operative only when the punch hopper is empty.

When the read-feed run-out key has been pressed,
the last two cards in the normal stacker have not been
processed. This key is operative only when the read
hopper is empty. If cards are in the file feed and the
joggler gate is closed when this key is pressed, the
cards feed to the hopper and one or more may run out
to the stacker. Therefore cards should be removed
from the file feed before pressing this key. Or, the
joggler gate can be held part way open (at about a 45°
angle) while the run-out key is pressed. This permits
cards to run out, but prevents feeding from the file
feed. ,

The nonprocess run-out keys should be pressed after
power is turned oN, and then the 1402 cueck ReseT key
must be pressed. This procedure prevents false error
signals when cards are run in.

Lights (Figure 11)

Punch Check
This light turns on if:
® A hole-count error is detected in the punch feed.

® The B-register detects a parity error during a punch-
ing operation.

® An incomplete punch operation has occurred (the
A-register does not contain an 8-bit and a 2-bit).

® Clutch failure.

® Punch release time is overextended. This is a pro-
gramming problem. After a program using the
Punch Release special feature has been completely
checked out, this condition should not occur.

This light can be turned orF by pressing the 1402
check reset key.

Reader Check
This light turns on if:
® A hole-count error is detected during card reading.

® An incomplete read operation has occurred (the A-
register does not contain an A-bit and a B-bit).

® Clutch failure.

® Read release time is overextended. This is a pro-
gramming problem. After a program that uses the
Read Release special feature has been completely
checked out, this condition should not occur.

This light can be turned orr by pressing the 1402
check reset key, after running cards out of the read
feed.

When operation stops and this light is on, the last
card in the stacker has not been processed, and must
be re-fed after the error is corrected.

Punch Stop

This light turns oN if any one of these conditions
occurs:

® Card-feed failure.
® Card jam,
® Clutch failure.

® The punch nonprocess run-out key is pressed during
system operation.

It can be turned orr by pressing the 1402 check
reset key.

When operation stops and only this light is on, cards
in the stacker or in the punch feed beyond the puncru
cHECK brushes have been punched and checked. A
card between the puncH and PUNCH CHECK stations has
not been punched, or it may be incorrectly punched.
When the operation is restarted after the error condi-
tion is corrected, this card is automatically punched
and checked. If other lights are onx with this light the
condition of the cards varies (see Restart Procedures
for M 1402 and 1BM 1403).

Reader Stop

This light turns o~ if any one of these conditions
occurs:

® Card-feed failure.

® Card jam.

® Clutch failure.

® The reader nonprocess run-out key is pressed during

system operation.

It is turned oFF by pressing the 1402 check reset key
after cards are run out of the read feed.

When operation stops and only this light is oN (due
to a card-feed failure or card jam), cards in the stacker
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and in the read feed beyond the reap brushes have
been processed. If other lights are on- with this light,
the cards probably have not been processed and should
be re-fed (see Restart Procedures for 18m 1402 and 1BM
1403 for various conditions).

Fuse

When a fuse in the card read-punch burns out, this
light turns on. The 1BM customer engineer should be
called to replace the fuse.

Chips

When the chip box is full or not properly positioned,
this light turns on and the machine interlocks. The
light turns orr when the empty chip box is replaced
(or properly positioned) in the machine. Operation
can be resumed by pressing the sTarT key.

Depending on the position of the cover-interlock
override switch, this light is reset differently. If the
override switch is on (to allow the machine to run
while a cover is open), the chip-box light can be reset
by operating either the stop key, stacker-stop switch,
jam bar, or the punch on/off switch. If the override
switch is off (normal position), this light is reset by any
of the preceding means, or by opening any cover.

Stacker

If any of the five stackers becomes full, operation stops
and this light signals the operator. When enough cards
are removed to allow the stacker guide to return be-
yond the stacker trip device, this light turns orr and
operation can be resumed by pressing the sTarT key.

Power

When power is supplied to the card read punch, the
power light is on.

Transport

This light turns oN to indicate a card jam in the trans-
port area (see Figure 9). After the card jam is cleared,
this light can be turned orr by pressing the 1402 check
reset key. Any cards beyond the rReap brushes in the
read feed or the puncu cueEck brushes in the punch
feed were processed, or punched and checked.

Validity

If an invalid character is detected during a read opera-
tion, this light turns on, and operation stops at the end
of the read operation. The light can be turned orr by
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pressing the 1402 check reset key. If the invalid punch-
ing in the card also causes a parity error, the ProCESs
and sTORAGE lights on the 1401 console turn on.

When operation stops and only this light is on, the
last card in the stacker has not been processed and
must be re-fed after the error is corrected.

When the punch-feed-read special feature is used
and a validity error is detected during a read operation
in the punch feed, this light turns on and operation

stops at the end of the punch-feed-read operation.

If the 1/0 cuECK sTOP switch on the 1401 console is
ofF and a validity error is detected during a read oper-
ation, this validity light turns on but operation does
not stop. Validity errors are ignored.

Meter Time, IBM 1402

The meter starts when the first card-read or card-punch
instruction is issued to the 1402. The meter stops when
cards are run out of both feeds, signifying end-of-job,
or when there is a machine halt such as a card jam or
unit malfunction, or when a manual halt is initiated
with any stop key.

Operations

Interlocks

Several interlocks are built into the 1402. If the ma-
chine should stop running for no apparent reason (no
error lights displayed, and it is not a last-card condi-
tion) and power is still on, one of the 1402 interlocks
may have been opened. In this instance, tap all the
covers and doors on the 1402 and pull the sliding door
on the top toward you, to make certain the entire 1402
is closed properly. Then press start, and the machine
should run properly.

Removing a Read-Feed Card Jam

1. Remove the cards from the read hopper.

2. Slide back the top cover to make the two sets of
reading brushes accessible (Figure 12).

3. Remove both sets of brushes and lay them down
carefully on their sides. Never pull a card from the
throat of the machine with the brushes in the ma-
chine. Doing so would probably bend the reading
brushes.

4. If you require complete access to the read transport
area in order to free the jammed cards, remove the
guide plate between the sets of brushes. Pull out
the knobs and raise the guide plate from the ma-
chine.



Guide Plate

F
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Read Brushes

Figure 12. Read Feed

. Remove all cards, and duplicate any damaged cards.

6. Replace the brushes very carefully. As you reset the
brushes, turn the clear plastic timing knob clock-
wise. This knob is located behind the right front
cover.

7. Make certain the brushes are latched firmly in place.

8. The cards that were under the brushes must be
re-fed. To determine if any cards from the stackers
must be re-fed, investigate the core-storage read
area to identify the last card read. You can do this
by displaying on the 1401 console a portion of the
read area (core-storage positions 001-080), or by
printing out the read area (see Displaying a Char-
acter in Core Storage or Printing Out an Area of
Core Storage).

9. Before resuming operation, check the 9-edge of the
first several cards removed from the read hopper,
and duplicate any damaged cards.

Removing a Punch-Feed Card Jam

1. Remove the cards from the punch hopper.

2. Slide back the top cover to make the punch check
brushes accessible (Figure 13).

3. Remove the brush assembly and lay it down care-
fully on its side.

. If the 1402 is equipped with the Punch Feed Read
special feature, the punch feed read brushes are
made accessible by taking these steps:

a. Remove the cover on the left end of the ma-
chine.

b. Raise the top cover that holds the card joggler.

c. Move the latching arm (on the back of the
hopper backplate) toward the rear of the ma-
chine to unlatch the hopper.

d. Pivot the hopper to the left.

5. Remove the punch feed read brushes.
6. Remove all cards from the two reading stations.

. Replace both sets of brushes carefully. As you re-

seat the brushes, rotate the feed rollers by these
steps:

a. Open the left front cover.

b. Push the crank switch down and insert the
crank in the crank receptacle. This is located in
the center of the topmost pulley (below the left
end of the switch-light panel).

Press down the clutch trip lever located to the
left of the crank.

d. Turn the crank counterclockwise.

C

. After both sets of brushes are firmly in place, re-

move the crank, push the crank switch up, and
close the covers of the machine.
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Figure 13. Punch Feed

9. To make a card at the punch dies accessible, face
the machine from the rear (Figure 14) and follow
these steps:

a. Open the door at your right.
b. Remove the plastic chip guide.

c. Pull the black plastic ruLL & TURN handle and
turn it clockwise to release the pressure against
the die.

d. Remove the punch die. If the die has two han-
dles, squeeze them together and pull down. If
the die has one handle in the center, turn and
pull down on the handle.

10. Remove the jammed cards.

11. Return the punch mechanism to operating condi-
tion by these steps:

a. Reinsert the die securely. With a two-handle
die be sure the handles return to their original
positions when you release them. With a single-
handle die, push up and turn the handle.

b. Turn the black plastic handle counterclockwise
and push in, to lock it in place.

c. Replace the plastic chip guide.

d. Close the right-hand door.
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Pointers

1.

The joggler gate on the read hopper must always
be closed (raised) to feed cards. When it is open,
the starT and roap keys are inoperative and a
program instruction to read a card stops system
operation.

. If cards do not feed when the Loap key is pressed,

and the joggler gate is closed, cards may have
been left in the read feed from the previous opera-
tion. Remove the program cards from the hopper
(or file feed) and run the cards out of the feed.
Pressing both NoN pProc RUN ouT keys before start-
ing any job is a good habit to develop.

. In some cases, the first card in the file feed may

have been positioned so that it will move to the
hopper when cards are run out of the read feed,
even though the joggler gate is held part way
open. It is a good idea, therefore, to place your
hand so that you can catch this card as it drops.
Grasp the joggler gate with your thumb and ex-
tend your hand through the gate.

. If a card jam occurs, as indicated by the TRANSPORT

light, slide back the top cover first to see which
feed contains the jammed cards. Then correct this
condition.

. If an abnormal number of READER CHECK or PUNCH

CHECK signals occur after a card jam has been
removed, make sure that the brush assemblies
and/or punch die were replaced properly.

. When a brush assembly has been removed, always

take out all cards from that station before replac-
ing the assembly. If a card were present when the
assembly is replaced, the brushes would be dam-
aged.

. Whenever possible avoid the use of adhesive

patches on cards. They cause abnormal wear of
the brushes and punches, and they may cause an
excessive number of card jams. If it is absolutely
necessary to patch a card, apply the patches to the

back of the card so that the punches and brushes

do not touch the sticky side. Patch only the in-
dividual holes that require patching. Do not apply
the patching material to an entire field.

. Handle cards carefully. Replace any damaged or

badly warped cards because they may cause card
jams. Thoroughly fan and joggle new cards before
placing them in the punch hopper.

. Whenever either NoN Proc RUN ouT key has been

used, the 1402 cueck RESET key must be pressed
before operation can be restarted.

10.

11.

12.

13.

Be sure all cards are completely removed from the
punch-feed hopper while the punch-feed Non proC
RUN our key is held pressed.

If the processing-overlap special feature is installed
in the 1401 system and an operation requires card
punching, cards should be run out of the punch
feed before operation is started. Then the sTART
RESET key on the 1401 console must be pressed
(Figure 15).

If operation does not restart when a stagrt key is
pressed after cards have been run out of the 1402
punch feed, the system has been interlocked. This
may occur when the processing overlap special
feature is installed. It prevents inadvertently alter-
ing data in the punch output area on the restart.

If operation was stopped by a programmed halt
or by pressing a stop key (and if cards were run
out of the punch feed), operation can be restarted
by one of the following procedures:

a. When the Op register does not contain a PUNCH
Op code,

® press CHECK RESET and START RESET,
® alter-in a restart address, and
® press START.

b. When the Op register does contain a puNca Op
code, press START twice.

If operation was stopped by a punch error con-
dition (and if cards were run out of the punch
feed), operation can be restarted by pressing the
START key twice in the last step of the normal re-
start procedures (see Restart Procedures for M
1402 and BM 1403).

If operation was stopped by a read error condi-
tion and if cards were run out of the punch feed,
pressing sTarT at the end of the normal restart
procedure for a read error (see Restart Procedures
for 1BM 1402 and 1M 1403) causes one card to
be fed in the read feed. Then operation stops again
and these steps must be taken:

a. Press CHECK RESET and START RESET.

b. Alter-in the address of the Op code displayed in
the Op register when the error occurred. If this
code specifies an arithmetic operation, the origi-
nal B-field factor may have been changed by
partial execution of the operation before the
halt. If so, it must be reset to its original value.

¢. Press START.

When system power is first turned on, press the
reader and punch non-process run-out keys. This
will prevent first-card-in errors.
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If system has process overlap and
card puriching is to be preformed
®  Run out punch feed

e Press check reset

e Press start reset

Program running

System
stopped by
stop key or program
halt. Cards run out of punch feed.
(System may interlock to prevent
altering data in punch area)

No

Program
resumes when
start key is
pressed

System
stopped by
unch error, Punch

No

Yes

was cleared

Press start key
twice OK

Op
register
contains a
punch Op
code

System stopped by read
error and cards are run No
out of the punch feed

Yes

/

Press check reset and
start reset. Alter-in
the correct restart
address

Only
one card
feeds on
restart

Yes

l \ i

Press check reset and start reset

Alter=in the address of the Op
OK . code now in the Op register. If Pre.ss start key
this is an arith Op, the original twice

B-field may have to be restored
to its original value

Figure 15. Initial Punch Setup after Error, Processing Oveflap Special Feature
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The M 1403 Printer (Figure 16) is another output
medium for the 1M 1401 Data Processing System. Re-
fer to M 1403 Printer, Form A24-3073, for additional
information.

Method of Printing

The alphabetic, numerical, and special characters are
assembled in a train or chain (Figure 17). As the chain
travels in a horizontal plane, each character is printed
as it is positioned opposite a magnet-driven hammer
that presses the form against the chain.

As each hammer magnet is energized, it is checked
against the corresponding position in the print area of
core storage to insure that printed output is accurate,
Also the machine checks to insure that the character
is printed in the correct print position, that only valid
characters are printed, and that overprinting within
the same line does not occur.

L

Figure 16. 1M 1403 Printer

IBM 1403 Printer

Machine Covers

In addition to improving appearance, the covers of the
1BM 1403 and other machines have been designed to
safeguard personnel against possible injury when in
operation. While some hazards such as moving me-
chanical parts are obvious, others are not. In the latter
category are electrical potentials and acoustical noise.

While 18M maintains a rigorous attention to safety
on all of its machines, the effectiveness of safeguards
is decreased by failure to keep the covers closed when
running. M cannot be responsible for injury caused
under such conditions, but is primarily interested in
avoiding any accidents or injuries to personnel.

The frames of all 1BM equipment have been made
electrically safe by recommended grounding practices,
and the covers have been acoustically designed to re-
duce noise below any possible hearing damage level.
Operation with the covers open, however, causes need-
less exposure to these unseen hazards. Because of this,
1BM strongly recommends that all personnel associated
with the equipment follow the simple safety first pro-
cedure of keeping the covers closed whenever the
machine is operating. In addition to the safety aspects
of this procedure, the visual and aural environment of
the installation will be significantly enhanced.

—— One Section of
48 Characters

132 Printing
Positions

Complete Chain
Composed of Five
48-Character Sections

Figure 17. Schematic of Printing Mechanism



Features
Setup Controls

Feed Clutch

The feed clutch (Figure 18) controls the carriage-tape
drive and form-feeding mechanism. Forms can be fed
automatically when it is set to prive. In drive position
it is set for either six- or eight-lines-per-inch spacing.

When the feed clutch is set to NEUTRAL, automatic
form-feeding cannot take place, but the tape-con-
trolled carriage does function under control of the
program or a carriage control key.

Paper Advance

This knob positions the form vertically. It should be
used only when the feed clutch is disengaged.

Vertical Print Adjustment

This knob is used for fine vertical movement of the
print unit within one line space, to obtain accurate
registration of the print line. The carriage tape is not

Lateral
Adjustment |

Loteral l:
. § " Print

Vernier

Print
Density

e Feed Clutch &

Vertical
Print

] ‘; /Adiustment

Figure 18. mm 1403 Setup Controls
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affected by this knob, which is operative with the feed
clutch either engaged or disengaged.

Lateral Print Adjustment

With this knob, the print unit can be moved laterally
to align the 1403 print positions with the corresponding
positions on the form. Before the print unit can be
moved, the knob must be rotated slightly, away from
the operator. The maximum distance that the unit can
be moved is 2.4”.

Lateral Print Vernier

This knob permits fine lateral positioning of the print
unit for accurate registration of printing,

Right-Hand Tractor Vernier

This knob is used to make fine adjustments in paper
tension. The right-hand forms tractors are moved to
the right or left, a maximum distance of one-half inch.

Print Density

The 1403 print hammer unit adjusts automatically for
different thicknesses of forms. However, to provide a
vernier control for print impression, a print-density
control-lever is used. When this lever is set at position
A, printing is dark. At position E, printing is light. Be-
tween these two settings are intermediate settings.
Position C is considered the normal setting. This lever
moves the type chain closer to, or farther from, the
hammer unit.

The setting of this lever must be considered in con-
junction with form thickness to determine the setting
of the print timing dial.

Print Timing Dial

This dial (Figure 19) should be set to obtain the best
printing quality for each run. The setting varies with
the thickness of forms being fed and with the setting
of the print density. A print-timing dial chart (Figure
20) on the ribbon cover gives the setting for eight dif-
ferent thicknesses combined with five different settings
of the print density. For example, if four-part forms
with interleaved carbons have a thickness of .015” and
the print density lever is set at C, the chart specifies
that the print timing dial should be set at 17.
Although the density settings vary by 4 in the chart,
and the thicknesses by .003”, the operator can obtain
a finer setting of the timing dial. To do this, start with
the number read from the chart and turn the timing



dial clockwise until the printing on the left side of the
form becomes light. Then rotate the dial counter-
clockwise until the printing on the right side of the
form becomes light. The setting that should give the
best printing is halfway between the two readings.

Print-Unit Release lever

Pulling this lever (see Figure 19) toward the operator
releases the print mechanism, so it can swing open
and permit access to the forms transport area. When
closing the print unit, push this lever firmly, as far as it
will go, to latch the unit in place.

Forms Tractors

Marginally punched continuous forms are fed by two
pairs (upper and lower) of forms tractors (Figure 21).
The tractors can be positioned laterally to accept forms
of various overall widths between 3%” and 18%4”.

The adjustments for the upper and lower tractors
are identical, and the tractors must be positioned alike
to maintain correct alignment of forms. Each pair of
tractors is mounted on a tractor slide bar. The left-hand
tractor is locked in place, by a spring-loaded latch, in
one of nine notches located one inch apart in the trac-
tor slide bar. The third notch from the left is the best
location for most applications.

The first (leftmost) notch is used for forms 5%” to
18%” wide. When this notch is used the lateral move-
ment of the print unit is limited to .4”.

Figure 19. Print Timing Dial and Print-Unit Release Lever

The second notch from the left is used for forms
414" to 17%” wide. When this notch is used, the lateral
movement of the print unit is limited to 1.4”.

The third notch is used for forms from 3%” to 16%”
wide. When this notch, or any notch 4 through 9 is
used, full lateral movement of the print unit (2.4”) is
possible.

The ninth (last) notch can be used for forms from
3% to 10%” wide. When this notch is used, the first
usable print position is 38.

The right-hand tractor is locked in place, by a
spring-loaded pin, in any one of 27 holes located one-
half inch apart in the tractor slide bar. After the right-
hand tractors are locked in place, a fine adjustment
(up to %4”) can be made by the right-hand tractor
vernier,

Left-Hand Tractor Lock

This spring-loaded lever releases the left-hand tractor
so that it can be moved, and it locks the tractor in any
one of nine notches in the tractor slide bar.

Right-Hand Tractor Pin Latch

Pulling out this spring-loaded pin permits sliding the
right-hand tractor along the tractor slide bar. It is
snapped into one of 27 holes to lock the tractor in
place.

Ribbon Shield and Print-Line Indicator

This shield prevents the ribbon from smudging the
forms as they are printed. It pivots with the print unit
when the unit is opened. A lever at the top left end of
the shield releases the shield from the print unit. With
the print unit open, you can swing this shield back
against the forms and use it as a guide for vertical
print-line alignment of forms. The top edge of the left
and right ends of the shield indicate where the lower
edge of the characters will print. Print position is indi-
cated by the ribbon guide bar; thus, it is advisable to

Figure 20. Print-Timing Dial Chart
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Figure 21. Forms Feeding

use the ribbon guide bar for all forms alignment ad-
justments as outlined in the section titled “Inserting
Forms,” item 11.

Ribbon Shield Wire

This wire holds forms away from the ribbon to prevent
smudging the forms when the machine is idling. When
continuous card forms are fed, however, the ribbon
shield wire should be removed to prevent bursting the
forms.

This procedure should be followed to mount a re-
movable wire: Attach the loop in the end of the wire
to the mounting stud on the left-hand ribbon shield
casting. Thread the wire through the groove in the
back of both the left- and right-hand castings. Insert
the forked end of the lever, on the other end of the
wire, over the mounting stud on the right-hand ribbon
shield casting. Be sure this spring-loaded lever is
latched in place. To remove the wire, follow these
steps in reverse order.
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Ribbon Shield and
Print Line Indicator

Forms Tractors

Acoustical Dampener

The acoustical dampener, a nylon and bronze brush on
the print-unit frame, provides a drag on single-part
forms to dampen high-frequency vibration of the pa-
per. The brush is hinged so it can be rotated out of
the way when special forms are used or when form
feeding difficulties are experienced. To prevent dam-
age to single-part forms, rotate the brush away from
the paper when the print unit is moved horizontally
for alignment.

Paper-Stacking Controls (Figure 22)

Paper Guide

This feature guides forms, which have been printed,
to an output-paper cart at the rear of the machine. The
guide can be raised or lowered to accommodate forms
of various sizes, by sliding the paper-guide control



Figure 22. Paper Stacking Controls

lever up or down in its track. A scale (0-6) is printed
along this track so that the setup position for a par-
ticular form can be recorded in the operator’s pro-
cedures. For the best stacking operation, this guide
should be set as low as possible, allowing enough space
for the forms to fanfold into a stack. Thus, the original
setting for a run depends on the depth of the forms.
As the stack of forms increases, the guide must be
moved up.

Gravity Stacking Device

This device permits the selection of either gravity or
stacker drive rollers to move forms as they are fed to
the output stack. If the gravity stacking bar is locked
in its upper position, pressure is not applied to the
forms. This setting is used for multiple-part forms to
prevent slippage that might occur between forms and
carbons if pressure were applied.

If the bar is locked in its lower position, pressure is
applied to the forms by the rollers. This is used for
single-part forms.

Ovutput-Paper Cart

Forms stack on this cart as they feed from the printer.
Two stacker guides should be adjusted for the depth
of the forms. Turning the grey plastic knob in the rear
center of the platform clockwise brings the guides
closer together for short forms. Turning it counterclock-
wise moves the guides farther apart for longer forms.

Before this cart is inserted or removed from the
machine, the adjustable paper guide should be raised
to its highest position.

Note: Always make sure that both forms carts are electri-
cally grounded. Always stop the system before allowing either
forms cart to touch the printer as they are moved into position
under the printer. This will avoid process errors and sync
checks.

Tape-Controlled Carriage

Continuous forms feed past the print mechanism in
the 1403 by line-spacing (single, double, or triple) or
by a high-speed movement called skipping. Skipping
is used to quickly advance a form, without printing,
to a particular position, such as a predetermined total
line. Skipping is started by program control and
stopped by the tape-controlled carriage (Figure 23).

The carriage operation is controlled by holes read in
a paper tape that corresponds in length to the depth
of one or more forms. The holes are punched in the
tape in locations that represent the positions of the
form at which skipping must stop. One hole is punched
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Figure 23, Tape-Controlled Carriage
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for each skip-stop. The tape is made into a loop and
moves continuously through the carriage, in step with
the forms fed past the print unit.

Because skipping to different sections of the form
is controlled by the program and by holes punched in
the carriage tape, forms can be designed to permit
printing in practically any desired arrangement. The
carriage can control continuous forms up to 22” in
length, with 6-lines-per-inch spacing, or up to 16"
with 8-lines-per-inch spacing. The minimum length
is 1”. For efficient stacking of forms, the recommended
maximum length is 177

Skipping occurs at a rate of approximately 33" per
second in a 1401-A system. In all other 1401 systems
a dual-speed carriage is installed, and skipping occurs
at a rate of about 75” per second for skips of more
than eight lines. Distances of less than eight lines, and
the last eight lines in a high-speed skip, are skipped at
33" per second.

In addition to stopping skips started by program
control, the carriage control tape can also signal an
overflow condition. For this, the tape is punched to
indicate the last available printing line on a form.
When this punch is read, programming can cause a
skip to the first line that is to be printed on the next
form.

Brush Holder

This unit contains the brushes that read the holes in
the carriage tape. It must be latched in place when-
ever the 1403 is in operation. It is raised by pushing
the latch on the right side of the unit toward the front.

Carriage Control-Tape Idler

The carriage tape is looped around this idler. To ac-
commodate tapes of various lengths, the idler can be
moved up or down in its track at the left. It should be
adjusted so that a small amount of slack is left in
the tape.

Turning the locking knob on the right end of the
idler counterclockwise releases the idler so that it can
be moved in its track. Turning the knob clockwise
tightens the idler in place.

Pin-Feed Drive

Carriage tapes are prepunched through the center with
round feed holes. With the carriage brush holder
raised, the tape can be placed over the pin-feed drive
(Figure 23). This drive advances the tape in synchro-
nization with the movement of the forms through the
machine.
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Reading Brushes (Stop/Slow)

With a dual-speed carriage, two sets of reading brushes
(Figure 24) are used to sense holes in the carriage
control tape. One set is called the stop brushes, the
other the sLow brushes. Seven spaces, as measured by
the control tape, separate the two sets. Each set con-
tains twelve brushes to read punches in twelve columns
in the carriage tape.

After a skip to a particular position is initiated, it
is stopped when the skip-stop punch representing the
position is read by the stop brushes.

The sLow brushes are used to change from high-
speed to slower-speed skipping. They are positioned
ahead of the stop brushes. When a skip is initiated
and the skip-stop punch is read by the sLow brushes,
skipping slows down, ready to stop when that same
punch is read by the stop brushes. In a 1401-A system
(with a single-speed carriage) only the stop brushes
are operative.

Contact Rolls

If erratic forms skipping is experienced, check to en-
sure that there is no build-up of glue, tape, or other
foreign material on these rolls.

Stop Reading . Brushes

Slow Reading Brushes

Contact Rolls

Figure 24. Carriage Brushes
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Figure 25. Carriage Control Tape

Control Tape

A maximum of 132 horizontal lines on a control tape
(Figure 25) can be used to control one or more forms,
although, for convenience, the tape blanks are slightly
longer. The horizontal lines are spaced six to the inch
for the entire length of the tape. The control tape has
twelve vertical lines, called channels. Each channel
may be punched to control one specific skip-stop posi-
tion on a form (or forms), such as the first printing line
or a predetermined total line. If the length of tape
used represents two or more forms, the punching in
each channel is repeated for the additional forms.

Round holes in the center of the tape are pre-
punched for the pin-feed drive that advances the tape
in synchronization with the movement of a printed
form. The effect is exactly the same as though the
skip-stop holes were punched along the edge of each
form.

Keys (Figure 26)

Start

This green key starts system operation, There is a
duplicate start key at the rear of the printer for oper-
ator convenience (Figure 27). These keys can be used
interchangeably with the sTART keys on the M 1401
Processing Unit and the 18M 1402 Card Read-Punch.

Stop

This red key stops system operation at the completion
of the instruction in process. There is also a duplicate
stop key at the rear of the machine for operator con-
venience. These keys can be used interchangeably
with the stop keys on the 1BM 1401 Processing Unit
and the 18M 1402 Card Read-Punch.

Figure 26. 1M 1403 Operating Keys and Lights

Figure 27. mM 1403 Keys (Rear)

Carriage Stop

Pressing this red key stops carriage movement im-
mediately and turns o~ the forms-check light.
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Single Cycle

Each pressing of this key initiates the operation of the
printer for one print cycle.

If the end-of-forms light is on, this key can be
pressed repeatedly to complete the printing on the
present form. When channel 1 of the carriage control
tape is read, indicating that the next form (if any) has
been fed, this key becomes inoperative.

Check Reset

This key resets a printer error indication. Then press-
ing a sTART key resumes operation.

Carriage Space

Each time this key is pressed, the forms and carriage
tape advance one space.

Carriage Restore

This key positions the carriage at channel 1 (home
position). If the carriage feed clutch is disengaged, the
forms do not move. If it is engaged, the forms move
in synchronization with the tape-controlled carriage.
This key is inoperative if either the print unit or the
carriage-tape brush holder is open.

Lights (Figure 26)

Print Ready

This light turns on when the printer is in condition to
print. If the print unit is opened, this light turns oFF.
The light turns oN again when the print unit is closed
and the print chain reaches printing speed.

Print Check
This light turns o if:

® A print hammer failed to operate, or operated when
it should not have.

® Storage positions containing printable data did not
have an opportunity to print.

® A printing parity error is detected in a system in
which the print-storage special feature is installed.
When this feature is not installed, a parity error is
detected by the B-register and prINT cHECk does
not turn ON.

This light can be turned orr by pressing the 1403
check reset key.
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End of Forms

This light turns ox and the machine stops, when the
last form in a stack is fed through the machine, or
when a break in forms occurs at either the upper or
lower left-hand forms tractor. If an end-of-forms con-
dition occurs during a skip, the skip in process is
completed, but printing does not occur.

This light turns orr when more forms are inserted in
the machine, or when the break in the forms is cor-
rected.

Forms Check

This light indicates paper-feed trouble. Any one of
these conditions may turn this light on:

® The forms are off the forms tractors.
® The carriage stop key was pressed.

® Printer adjustments that required opening the forms
tractors were made,

It can be turned orr by pressing the 1403 check
reset key.

Sync Check

This light turns on if the print chain was out of syn-
chronization with the printer circuitry in the 1401 at
any time during the print operation.

This light can be turned orr by pressing the 1403
check reset key. The timing is corrected automatically.

Indicator Panel Lights (Figure 28)

Gate Inlk

This light is oN when the print unit is not locked in
position.

Brush Inlk

This light is o~ if the carriage tape brushes are not
latched in position for operation.

Shift Inlk

If the feed clutch is not set at DRIVE, or NEUTRAL, this
light is on.



Ther Inlk

If the thermal interlock light is on, a thermal unit has
indicated excessive heat. The 1BM Customer Engineer-
ing Department should be notified.

HS Start

If the high-speed start light is on, a high-speed skip
has been initiated.

LS Start

If the low-speed start light is on, either a low-speed
skip or line spacing has been initiated.

HS Stop

The high-speed stop light turns on to indicate that
high-speed skipping is to be stopped.

LS Stop

The low-speed stop light turns o~ to indicate that a
low-speed skip-stop has been initiated. It is also on
whenever the carriage is not in motion.

Meter Time, IBM 1403

The printer meter will record time if the processing
unit meter is recording and a print instruction has been
issued. The printer meter can be stopped manually by
pressing and releasing the space key or restore key.

Figure 28. mMm 1403 Indicator Panel

Operations

Preparing a Carriage Tape

The punching of a carriage tape for a particular form
should be planned by first marking the tape in the
positions in which the holes are to be punched.

Marking the Tape for Punching

1. Lay the tape next to the left edge of the form, with
the top line (immediately under the glue portion)
even with the top edge of the form.

2. Mark tape channel 1 on the line that corresponds
to the first printing line on the form.

3. Mark one tape channel for each of the other skip
stops required. The tape should never be punched
in more than one channel on the same line. Also,
holes in the same channel should be no closer than
eight lines apart.

4. If an overflow signal is required, mark channel 9
or 12 for the last printing line on the form.

5. Repeat steps 2-4 for as many additional forms as
will fit in the 132 line spaces usable on the tape.
With the tape thus controlling several forms in one
revolution through the carriage, the life of the tape
is increased.

6. Mark the tape for cutting on the line corresponding
to the bottom edge of the last form. The cut edge
should be at least four lines from the last hole
punched in the tape, because about the last half
inch of the tape overlaps the glue section when the
two ends are spliced.

If it is necessary to punch a hole lower than four
lines from the bottom of the form, place the tape so
that the top line of the tape is four lines lower than
the top edge of the form, and then mark the chan-
nels. To compensate for this, cut the tape four lines
lower than the bottom edge of the last form.

Although the control tape is lined for six lines-per-
inch spacing, it can be used to control eight lines-per-
inch spacing. Each %" line on the tape represents each
%" line on the form. Therefore, in planning a tape for
an 8-lines-per-inch document, the operator counts to
each corresponding position on the form and on the
tape, rather than aligning the tape next to the form.
Since a maximum of 132 tape lines can be used, one or
more forms totalling 22 inches in length can be planned
with 6 lines-per-inch spacing, or forms totalling 165"
in length can be planned with 8 lines-per-inch spacing,

37



Punching the Tape

A

small compact punch (Figure 29) is provided for

punching the tape:

1.

Insert the tape in the punch. Position the horizontal
line to be punched over the guide line on the base
of the punch, and place the center feed holes over
the pins that project from the base.

. Move the indicator slide until it points to the chan-

nel to be punched.

. Press the top of the punch, at the back. This cuts

a rectangular hole at the intersection of the vertical
(channel) and horizontal lines.

. Repeat steps 1-3 for each mark on the tape.
. Cut the tape on the line marked for the bottom

edge of the last form.

. Loop the tape and glue the bottom end to the top

section, marked glue. Be sure that the bottom edge
lines up with the first line, and that the center feed
holes coincide.

Inserting a Carriage Tape

1

Kigure 29,
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Raise the front cover of the printer to gain access
to the tape-controlled carriage.

Turn the feed clutch to NeuTRAL (see Figure 18).

Raise the carriage brush holder by pushing the
latch, on the side of the holder, toward the front.

Holding the tape loop so that the printed captions
can be read, place the tape over the pin-feed drive
(see Figure 24) so that the pins engage the center
drive holes. The line numbers on the tape must face
the right end of the 1403.

Carriage-Tape Punch

1M 1401 Operator’s Guide

Loop the tape around the adjustable carriage-con-
trol-tape idler (see Figure 23).

. Remove the excess slack from the tape by loosening

the locking knob on the idler and sliding the idler
in its track. Tighten the knob when the desired
tension is reached. The tape should be just tight
enough so that it gives slightly when the top and
bottom portions of the loop are pressed together.
If it fits too tightly, the pin-feed holes may be
damaged.

. Press the brush holder down until it latches, and

close the printer cover.

. Press the carriage restore key to bring the tape to

its home position (channel 1). The carriage is ready
to operate (when the feed clutch is set to pRIVE).

Inserting Forms

1.

Figure 30.

Raise the front cover of the printer to gain access
to the print unit and forms area.

. Turn the feed clutch to NEUTRAL (see Figure 18).

Unlock and swing back the print unit by pulling
the print-unit release lever (Figure 30) toward you.
Set both the left-hand forms tractors (see Figure
21) slightly to the left of the first printing position.
Pull the tractor lock up (or down) and slide the
tractor until it latches in the appropriate notch,
Open the left-hand tractor covers, and place the
forms over the pins. Close the covers.

. Open both right-hand tractor covers.
. Move the right-hand tractors to the desired loca-

tion to line up the right side of the forms. Pull out
the tractor pin latch, and slide the tractor until the
pin snaps into the appropriate position.

. Place the forms over the tractor feed pins and

close the tractor covers.

Prinf-Unit Ribbor Cove r ;

Release Lever

| —Print’ Ts'mingf ;
Dial Chart

RIbBon

M 1403 (Front Cover Open)



9. Tighten the tension on the form, using the R H
TRACTOR VERNIER. '

10. Close and lock the print unit in place. Be sure to

push the print-unit release lever as far as it will go.

11. To position the forms for printing, turn the paper
advance knob and the vertical vernier until the
block, line, or area on which the first line of print
is to occur is just visible above the top surface of
the ribbon guide bar. Align the desired hammer
position to the form by means of the lateral-print-
alignment lever and its vernier, while observing
the relationship of the markings on the ribbon
guide bar to the form. The printed characters will
appear between the bar markings. Now, turn the
paper-advance knob backwards three line spaces if
in 6-line neutral or four line spaces if in 8-line
neutral. (Note: On 1403 Model 3 printers only, turn
the paper-advance knob backwards four line
spaces if in 6-line neutral, or five line spaces if in
8-line neutral.) The forms are now in position for
printing.

On all models of the 1403, the top surface of the
extreme left and right ends of the plastic ribbon
shield may be used for vertical forms alignment
when the ribbon shield is unlatched from the print
unit and swung in against the forms. (See Ribbon
Shield and Print-Line Indicator section.)

12. Restore the carriage tape to the first printing posi-
tion by pressing the carriage restore button.

13. Set the feed clutch at prive. Set it for either six or
eight lines-per-inch, depending on the form to be
printed.

14. Close the front cover of the printer.

15. Position the paper supply on the input-paper cart
so that the forms feed straight up into the machine.

Inserting Additional Forms on an
End-of-Forms Condition

The last form fed through the machine may be de-
tected during a skip from one form to another, or while
skipping or spacing within a form. If it is detected
during a form-to-form skip, the skip is completed but
printing does not occur and these steps should be
taken:

1. Insert the new forms on the forms tractors (see In-
serting Forms), aligning the top of the new form
with the bottom of the last form. This positions the
new form for printing on the skipped-to line.

If the form-to-form skip moved the last form be-
yond the upper forms tractors, determine (from
your procedure write-up) the line on the form to
which the skip was directed. Insert the new forms,
positioning the skipped-to line for printing,

Inserting the new forms turns oFr the end-of-
forms light. This makes the single cycle key opera-
tive again.

2. Make any slight adjustments that may be necessary
for accurate registration by using the vertical-print
adjustment and/or the lateral-print vernier knobs.

3. Press the single cycle key. Printing occurs on the
skipped-to line. Press this key repeatedly to print on
the first form until it reaches the upper forms
tractors.

If the form spans both the upper and lower forms
tractors when it is inserted (step 1), this step and
step 4 are omitted.

4. Insert the new form on the upper forms tractor.

5. Press a sTART key to resume operation.

If the end-of-forms condition is detected while skip-
ping or spacing within a form:
1. Print the rest of that form, using the single cycle
key.
2. When the skip (or space) to the next form occurs,

follow the same procedure as described in the pre-
ceding five steps.

Changing Ribbons

Ribbons are available in widths of 11” and 14”. The
ribbon-width lever (Figure 30) adjusts the ribbon-feed
mechanism to accommodate one width or the other.

Removing a Ribbon

1. Turn off the power by pressing the PoWER OFF key
on the 1401 console,

2. Lift up the front cover of the printer.

3. Swing the print unit out by pulling the print-unit
release lever toward you.

4. Open the ribbon cover (Figure 31).

Drive Mechanism

/Ribbon Cover

F\Ribb’on’" T

+:Correction Roll 2200

Figure 31. Ribbon Mechanism
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5. Unlatch the ribbon shield, and swing it against the
form.

6. Push the top ribbon roll toward the hinged side of
the print unit (drive end), lift out the other end of
the ribbon roll, and remove the roll from the drive
mechanism.

7. Slip the ribbon out from under the ribbon correc-
tion roll, which may be lifted to free the ribbon.

8. Remove the bottom roll by following the same pro-
cedure as described in step 6 for the top roll.

Installing a Ribbon

A new ribbon is fastened on two spools with most of
the ribbon on one of them. To install the ribbon, fol-
low these steps:

1. Install the full ribbon roll in the lower position by
following, in reverse order, the procedure described
in Removing a Ribbon, step 6. To lock the roll
firmly in place in the drive end, position the roll
so that the two notches in the end of the spool
coincide with two pins in the socket.

2. Wind ribbon onto the empty spool until the ribbon-
reversing bar is on the spool. This is a metal strip
that is permanently fastened to the ribbon. It re-
verses the direction of the ribbon when all the
usable ribbon is on one spool. Therefore the ribbon-
reversing bar must always be positioned between
the ribbon-reversing lever and the spool (Figure 32).

3. Route the ribbon between the print chain and the
ribbon shield, and slide it under the ribbon-correc-
tion roll.

4. Install the empty spool in the upper position by
following, in reverse order, the procedure described
in Removing a Ribbon, step 6.

5. Take up any slack in the ribbon by manually turn-
ing the upper ribbon roll.

Cleaning the Print Chain

When the 1403 print chain requires cleaning, call the
1BM customer engineer to perform this function.

Ribbon Correction Roll

Print Chain

Figure 32. Schematic of Ribbon Mechanism
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Selective Tape List (Changing from Forms to Tapes)

1. Move the continuous-forms cart out of the way.

2. Place the multilister stacker on the two mounting
brackets.

3. Tighten the screws holding the stacker retaining
plates in each of the mounting brackets on the top
of both ends of the multilister stacker.

4. Install the multilister stacker assembly directly be-
low the conventional-forms stacker.

5. Plug the electrical connector in the receptacle on
the multilister assembly.

6. Move the forms tractors all the way to each side
so that they will not interfere with the tapes.

7. Remove the clip-on paper guide assembly from the
upper tractor bar.

8. Install the front tape guide by pushing the snap-on
clips located on both sides of the plate, so that the
guide fits firmly on the lower tractor bars.
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