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NOTICE

Each different unit, item and test of this machine has been
assigned a '"Reference Manual Code Number.'" This code num-
ber is located in the tens and units position of each section
number. All numbers over .50 have been assigned to wave-
shapes in each section. Therefore, waveforms between each
manual will not have the same numbers. Numbers in the tape

drive also will differ.

The following index chart can be used to find the location

of the appropriate maintenance information.

Adjustments/
Clean/Inspect Removals Timings
Master Oscillator 704.14.11 704.21.11 704.22,11

\J

NUMBER



ABBREVIATIONS

The following abbreviations are used throughcut this manual.

AC
acc
add
adj
adr
AL
amp
amp
AU
BCD
bksp
BL
BU

cal
CE

CF
cm
cntl
col
cond
CPU
CRT
CT
ctr
ctrl
DC
def
disc
DP
DT
EOF
EOR
ext

FP
ft

gen

HV
IC
1/0
in, "
inst
int
intlk

alternating current

accumulator

adder

adjustment

address

A lower points on a duo relay

amplitude

ampere

A upper points on a duo relay

binary coded decimal

backspace

B lower points on a duo relay

B upper points on a duo relay

centigrade

calibration

customer engineer, customer
engineering

cathode follower

centimeter

control

column

condition

704 Central Processing Unit

740 Cathode Ray Tube

control trigger

counter

control

direct current

deflection

disconnect

double pole

double throw

end of file

end of record

external

fahrenheit

floating point

feet

generator

hour

high voltage

instruction counter

input or output

inch

instruction

interval

interlock

IR
KC
1b
loc
1t
LV
max
MF
min
mo
MQ
msec
n/c
n/o
No
op
oper
opn
oz
PCF
PM
pnl
pos
pr
reg
res
Rd/Wr
RMS
RPM
rt
rwd
SB
SBR
SP
spec
SR
ST
stg
sSW
sync
tgr
thy
usec
UL
V, v
vert

instruction register
kilocycle

pound

location

left

low voltage

maximum

main frame

minimum

month

multiplier quotient
millisecond

normally closed
normally open

number

operation

operation

operation

ounce

power cathode follower
preventive maintenance
panel

position

printer

register

resistor

read or write

root mean square
revolutions per minute
right

rewind

storage bus

storage buffer register
single pole
specifications

storage register
single throw

storage

switch

synchronizer

trigger

thyratron
microsecond
Underwriter's Laboratories
volt

vertical

index register



Type Name Weight | Length | Width | Height | KVA KW Amps | Speed
704 | Central Processing Unit | 3440 72 37 66 40.3 32.2 |112.0 12 usec

, 150 cd/min
711 Punched Card Reader 560 32 30 32 .7 .5 1.7 250 cd/min
716 | Alphabetic Printer 1910 59 30 47 3.1 2.3 8.0 150 In/min
721 Punch Card Recorder 670 40 26 50 3.5 2.6 9.0 100 cd/min
727 | Magnetic Tape Unit 920 29 31 69 2.2 1.2 6.0 75 in/sec.

Magnetic Drum

733 | Reader & Recorder 1930 55 31 67 10.4 7.8 | 25.7
737 | Magnetic Core Stg 1500 105 31 64 6.4 4.8 17.8
738 | Magnetic Core Stg 4000 159 95 64 23.4 65.0
740 | CRT Output Recorder 740 26 37 52 2.4 1.8 6.7
780 | CRT Display Unit 250 24 28 22
753 | Tape Control Unit 2240 60 32 67 6.0 2.7 | 16.7 67 .2 usec
736 | Power Frame 1 2770 61 34 65 5.8 4.3 15.0
741 Power Frame 2 3610 61 34 65 5.8 4.3 15.0
746 | Power Dist. Unit 1070 41 34 65 1.2 .9 3.1

Total Current Load is 350 Amperes per line

MACHINE SPECIFICATIONS

236.7 Amperes




INDEX CHART

EF |
MAN

CLEAN &

WAVE FORMS

REMOVALS

ADJUST, &

AREA cggg ITEM INSPECT & LEVELS TIMINGS
MAIN 1 | General heat problems 704.14.01
FRAME 2 | Appearance and filters 704.14.02 704.21.02
3 | Motor and blowers 704.14.03 704.21.03
4 | I/0 shoes and receptacles 704.14.04
4 | Pluggable units & panel pins 704.14.04
5 | Thermals 704.14.05 B L
9 | Resistors & filament transformer | 704. 14. 09 B o
11 | Master oscillator assembly 704.14.11 704.21.11 |704.22.11
13 | Tube testing 704.14.13
14 | Vibration checking 704.14.14
15 | Pulse checking 704.14.15 | 704.15.00
16 | Marginal checking 704.15.16
19 | Special pulses 704.15.19
RIGHT END 2 | Appearance and filters 704.14.02 704. 21.02
RESISTOR 3 | Motor and blower 704.14.03 704.21.03
PANEL 5 Thermal 704.14.05
8 | Relay gate 704.14.08 704. 22,08
9 | Resistor panel 704.14.09 704. 22,09
10 | Rectifier 704.14.10
_ _OPERATOR'S 6 Keys and buttons 704.14.06 704.21.06 [704.22.06
PANEL 6 | Switch Assy 704.14. 06 704.21.06 | 704. 22,06
6 Neons and lights 704.14.06 704. 21.06
6 | Test panel switches 704.14.06
7 . Test panel sockets 704.14.07
MASTER 19 | Syne, clamp and clock spec. }.704.15.19 | |
PULSES 8.06,04 |50 | Oscillator output 704,15,50
8.06,02 |51 | Sync clamp output 704.15.51
8.06.03 |52 | Inverted sync line 704.15.52
8.06.04 {53 | Inverted clamp line 704.15.53
8.06.03 [54 | Clock drive 704.15.54
8.05.04 |55 aster ] time 704.15.55
8.05,04 |56 | Master E time 704,15, 56
8.05.04 |57 | Master ER time 704.15.57
CLOCK 8.04.01 |58 | AQ 704, 15,58
AND 8.04.01 |58 [ Al 704.15. 58
GATE 2.09 159 | Io to CT1 704,15, 59
PULSES 2,09 159 | Eg to CTo 704,15, 59
3.20 |60 | Instruction counter advance 704,15,60
3.20 |60 | Position (17) hinary input 704.15.60
3.40 |61 | Gated minus on A0 (D1) 704.15.61
COUNTER  8.04 {62 | Shift counter drive 704.15.62
DRIVES & 8.04 |63 | Tally counter drive 704.15.63
CONTROLS 3. 05 |64 | Binary input to shift counter 7). 704.15.64
2.07.02 [65 | Conditional transfer ctrl 704.15.65
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AREA

COD Ej

EF |
IMAN

NO.

CLEAN &

L INSPECT

WAVE FORMS
& LEVELS

REMOVALS

ADJUST, &
TIMINGS

ROUTING 2.08.05|66| Storage Reg. to adders 704.15. 66
LINE 2,08.01} 66! Storage bus to storage reg 704.15.66
2.08.06{66! True acc. to adders 704.15. 66
2.08.00! 66! Adders to acc 704.15. 66
2.08.49; 66 | Index reg. to adders 704.15.66
2.08.31]/ 66! End operation 704.15.66
4.05.01]| 67| Load reset 704.15,67

4.08!/ 67| Start reset 704,15,67 ]
KEY 4,07, 68 Single step 704.15.68
OPER- 4,17/ 68| Enter instruction 704,15,68
TIONS 4,18! 68| Storage display 704,15, 68
4.05,01| 68| Turn off master stop 704.15.68
4.08/ 69| Bias reset 704.15.69
1/0 5.11.01| 70| Sync pulse used on Rd/Wr 704.15.70
PULSES 5.11.01/71| Even ring drive 704.15.71
5.11.01| 71| Odd ring drive 704.15.71
5.11.01| 71| Even and odd ring drive rel. 704.15.71
5.11.01| 72| Rd/Wr pulse 704.15.72
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704.10.00 PREVENTIVE MAINTENANCE

A customer engineer is called upon to perform two types of
maintenance - corrective and preventive. Corrective mainte-
nance is the finding and correcting of a trouble after it has
occurred. Preventive maintenance is the work which is per-
formed on a regularly scheduled basis to correct potential
trouble, minimize service calls, and maintain machine availa-
bility to the customer.

The importance of regularly scheduled preventive mainte-
nance is shown in two ways. First, it is important to the
customer, because the work is done on the machine during
off-peak load periods. Second, it is important to the custom-
er engineer, because it enables him to schedule his activities
and use his time to the greatest advantage.

By applying preventive maintenance techniques, more ma-
chine time is available to the customer. Overscheduling of
preventive maintenance is as undesirable as underscheduling.
The objective is to increase machine availability to the custom-
er by reading total maintenance time.

For the first three months of operation, preventive mainte-
nance should be performed as recommended in section
704.12.00 (P.M. Procedure). By this time, the customer engi-
neers of each installation should have filled in the frequency of
inspection on the P, M. Guide and Record (Section 704.11. 00).
Also by this time, they should have developed their own pre-
ventive maintenance schedule.
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704.11. 00 DP PREVENTIVE MAINTENANCE GUIDE AND RECORD

COLE NG,
FOR 704
REF., MANUAL

SERIAL

SUFFIX

DATE INSTALLED

l

704 CENTRAL PROCESSING UNIT

FREQUENCY

OF INSPECTION

IN MONTHO———'

YR =P

MO .~

BE Rias

TEST

AlIR FILTERS

is +1s50 +—t 142
13 + 162
135 +220 + 198
is + 242

H3_§ _250 ~}——230 |

263

90

1S 1 100 —

27

33

June 24, 1958
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704,12, 00 PREVENTIVE MAINTENANCE PROCEDURE

Air Filters Remove and inspect air filters, re-
2mo. .4 Hr. placing those that are dirty.

Tube Checking Block check only after biasing and
3 mo. .8 Hr. pulse checkingfail to locate general

failures. An occasional visual check
should be made for open filaments of
parallel cathode followers.

Visual Inspection of Once in each 3 months of operation
pulses during pulse check the following circuits.
customer operation Use the following pages of testpoints

as a guide.

Abnormal DC Using 4M31, vary each DC supply.
Bias Tests Operation should be error free for
Monthly .8 Hr. one minute at each limit.
+ 150 + 142 +1
+162 1
+220 +198 t1
+ 242 t]
- 250 - 230 1
- 263 1
- 100 - 90 1
- 110 1
- 30 - 33 .5
- 27 .5

Oscillator 920 KC 5 to 6 division
1090 KC marks each way

704.13, 00 LUBRICATION CHART

The CPU components should be lubricated about every three months, unless trouble

occurs from the lack of lubrication;

Type of lubrication
Code
No 61 9112117} 20
2 | Cover and door hinges (If it does not have X
2 | Cover latch cams sealed bearings) X
2 | Cover door rollers X
3 | Motor-resistor stacker (If it does not have X
sealed bearings)
8 | Duo relay pivots (pipe cleaner) X
8 |Duo relay operating pods (light film) X
8 | Wire relay pivot X
8 | Wire relay latch (if latch type) X
10-6 June 24, 1958



704.14.00 CLEAN AND INSPECT

704.14.01 General Heat Problems

Following are the general rules to follow on checking the oper-
ating temperature of motor bearings, transformers and resistors.
A reliable method of checking panel temperatures is also given.

Motors, Generators and Blowers

These must operate in the allowable range of a 20° C (78° F)
temperature rise over ambient room temperature. An allowable
winding temperature is 63° C (145° F). This cannot be effec-
tively measured in the field, but for motors without moving air
over them, there is a 10° - 12° C (50° - 54° F) difference in tem-
perature between bearing temperature and winding temperature.
This means that bearings without moving air moving over them
may operate up to about 130° F. Motors with air flowing over the
bearings should operate at a lower temperature. There is no
easy sure way to measure bearing temperatures in the field, but
the simplest and most accurate way is to mount a thermometer in
putty on the outside of the bearing surface. Another possible
means is the use of graded Tempilstiks*. Use of the thermometer
actually gives the exact operating temperature and this is normally
desired.

Transformers and Rectifiers

The general rules of motors also apply to transformers and
rectifiers. A 20° C (78° F) temperature rise over ambient room
temperature is allowable. An effective way to measure the oper-
ating temperature is to tape or putty a thermometer to the exter-
nal surface. Tempilstiks can also be used. Tempilstiks are wax
sticks that melt at graded temperatures. These can be held or
marked on the external surface.

Resistors, Inductors and Capacitors

Probably the most effective way to measure operating limits on
suspected components is to measure the voltage drop across, and
the current through, the component and check against the rated
voltage of the component. Remember that feeling a surface to
check for temperature is ineffective, unreliable and dangerous.

Panels

An effective method of measuring panel temperatures is to
mount a thermometer on the left end of panel 1, right end of panel
1, left end of panel 2, right end of panel 2 and the right end resis-
tor panel after the machine is installed. These temperatures
should be recorded and kept available with the machine. Periodi-
cally these temperatures should be checked, and any variation of
over 15° F should be examined further. The exhaust temperature
of the different parts of the panels may vary widely between
machines, panels, and even ends of panels, because of blower
speed, type of tubes used, and other variables.

All panels are protected by thermal switches and the preven-
tive maintenance procedures are found in 704. 14, 05.

704.14.02 Appearance and Filters

Clean windows with clean water or any window cleaner. Clean
any large accumulation of dust or dirt on machine with a vacuum
cleaner. Clean all covers with IBM polish and check all covers
for good latching. Check for loose hinges or loose arm on the
operator's panel.

Check the air filters in each main frame unit and replace when
dirty. Do not clean any filters. Check the air filter in the right
end resistor panel and replace when dirty. Be sure to check the
operation of the blower motor when replacing air filters, particu-
larly on the smaller motors which cannot be heard above the gen-
eral room noise.

*Registered trademark of Tempil Corp.
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704.14.03 Motors and Blowers

Central Processing Unit

Check motors and blowers with power off to be sure the motor
shafts are free of binds. With blowers running, check all panels
for a good air flow and check exhaust temperature as described
in 704.14.01. Check wmoiors for quiet operation by putting one
end of a large dowel to the bearing surface and the other end to

your ear, Check bearing temperatures as described on 704, 14, 01.

Right End Resistor Panel

Check motor shaft to be free of binds. Check for a good air
flow throughout the panel. Check the motor for quiet running
operation as above, and the bearings to see that they are not run-
ning hot, also as described on 704. 14, 01.

704.14.04 1/0 and Signal Shoes, Receptacles, Pluggable Unit
Contacts and Signal Cables

1/0 and Signal Shoes and Contacis

Check all 1/O and SP shoes and receptacles for dirty, bent or
broken contacts and for loose or corroded connections. Prongs
and contacts are cleaned by using a cleaning solvent. Never stone,
sand or burnish for the plating may be removed.

Pluggable Units

Some jumper wires between pluggable units are too tight. Check
to see if the insulation on the tight wires is broken and occasion-
ally grounding out.

Panel Pins

Check for spread panel pins on the pluggable unit being
installed on the machine. Some crack near bottom of contact area
giving poor contact.

704.14. 05 Thermals

Adjusting Screw. i

=

ontact Points

Description

A thermal switch consists of two bimetal elements mounted
in a rigid ceramic assembly which supports the operating spring.
The movement of the bimetallic elements caused by temperature
changes provides the force to operate the switch. This recycling
switch automatically returns the center spring member to its nor-
mal position when the temperature returns to normal.

Preventive Maintenance

Check the thermal light for proper operation. Check contact
alignment and clean the points for good "make" surface. . Test to
be sure power is knocked down when contact points are operated.
Check connections to see they are not loose, grounded or shorted.

The thermals in MF 1 and 2 are set to operate at 131° + 5° F.
The thermal in the right hand resistor panel is set to oper_ate
at 194° + 5° F. The adjusting screw can be reset if thermals
do not operate in the correct range of temperatures.



704.14.06 Keys, Buttons, Switches, Lights, Neons and Opera- Position
tor's Panel

a. Free Position- The initial actuator position when there is
Operator's Panel Keys and Buttons no external force (other than gravity) applied on the actuator. The
term "Free Position" is understood to mean actuator free position.
Clean any dirty keys or buttons with IBM Cover polish. Do

not use IBM cleaning fluid or Tape Neveloper Medinm Trangport h. Qperating Pogition- The position of the actnator at which
Cleaner because it melts the plastic operating mechanism. the contacts snap from the normal position to the operated contact
Check all keys to see they are not binding or broken. position.
Operator's Panel Key Blank Lever Switches (piano key switches): c. Release Position- That position of the actuator at which
the contacts snap from the operated contact position to the normal
Check for loose or grounded connections. Check the n/o points contact position.
and the n/c points, when transferred, for a .015" - . 020" clear-
ance. Movement
Check the n/o and n/c strap for a tension of 30-35 grams. a. Pretravel- The distance or angle through which the actua-
There should be a minimum of 35 grams' tension to move the oper- tor moves when traveled from the actuator Free Position to the
ating strap. Operated Position.
Microswitches b. Overtravel- The distance or angle through which the actua-
) tor moves when traveling from the Operating Position to the Over-
Preventive Maintenance. There is very little preventive main- travel Limit position.
tenance to be done on microswitches; the contact life is the great-
est source of trouble. The contacts are made of silver and the c. Total Travel- The distance or angle from the actuator Free
moYable coytac'ts are mounted on a three-bladed beryllium copper Position to the Overtravel Limit posttion.
spring. This gives the switch extremely fast action (. 005 seconds)
and operates the contacts in the same direction as the plunger for If it is necessary to imply direction in addition to distance or
the dept?ndablllty of accuracy needed. Contact wear determines the angle, this term may be modified as Operating Total Travel,
actual life of these switches. Releasing Total Travel, or Resetting Total Travel.
Check to be sure that when under vibration some of the normally d. Movement Differential- The distance or angle from the
filosed switches which are very sensitive do not put spikes on the Operating Position to the Releasing Position.
ines.

Definition of Terms. Following are some of the definition of Snap Actlon

terms used in different microswi
itches. The rapid motion of contacts from the normal contact position

to the operated contact position, or their return. This action is

F Acti Operating Overforce  Release relatively independent of the rate of travel of the actuator or reset-
orcpeis cring Force Limit Force ting mechanism, and will occur without further travel of the actu-
on Flunger * Release ator beyond the Operating Position, Releasing Position, or Reset-
Movement * Pretravel Movement Differential Travel | ting Position.

Character-

;._\‘L Overtravel | _ _@ v

=

Contact Break Distance

istics 4

The Contact Break Distance of a switch is the maximum dis-

Switch .
tance by which the moving and stationary contacts are scparated.

Plunger

Normally Closed Contact

Plunger

. ——
Bushing Moving Contact — 7

Contact Break ¥

Positions A

C
Distance
of Free  Operating Total Release  Reference Line s
Plunger Position Position Travel  Position or Surface Normall
Position gpen 7
Contact
Forces

a. Operating Force- The force which is applied to the actuator
to cause the moving contact to snap from the normal contact posi-

tion to the operated contact position.
Types of Microswitches

b. Overforce Limit- The force which is applied to the actuator

to cause it ot move to the overtravel limit position. “$'" Plunger Switches

ns" Plunger Switches are used as general purpose safety swit-
ches, limit switches and control switches, where a small amount
of overtravel in the plunger is desired. Applications include
instruments and automatic machinery.

c. Release Force- The value to which force on the actuator
is reduced to allow the contacts to snap from the operated contact
position to the normal contact position.

d. Differential Force- The difference between Operating Force
and Release Force.

10-8 June 24, 1958



.020 Maximum Pretravel
]

1_7/ "
Operating
Position
!
) 4
Characteristics
Operating Force 9 to 13 oz. Overtravel........... 0.062 in.,

Release Force...4 oz., min.
Pretravel....0.020 in., max.

Overtravel..........ocovvunnn 0.062 in., min.
Movement Differential 0.0004 to 0.0020 in.
Net Weight.............c.vvuen 0.067 1b., max.

"Q1" Plunger Switches

"Q1" panel mounting switches are used as door switches,,
manual or mechanical push button switches in safety, limit or
control applications. This switch design is especially useful for
its panel mounting provisions and in applications where the actua-
ting motion cannot be accurately controlled.

r .020" Maximum Pretravel

T~

55/64"
Operating
Position

Characteristics

Operating Force 9 to 13 oz.
Release Force...4 oz. min.
Pretravel....0.020 in., max.

Overtravel...........oovuunn. 7/32 in., min.
Movement Differential 0. 00004 to 0.0020 in.
Net Weight. ..............c.... 0.097 1b. max.

"L Leaf Actuator Switches

The "L" Leaf Actuator is especially useful where the switch
is required to operate on small force. Larger actuating movement
is required to operate the ""L" Leaf switches than for plunger type
switches. Cams may be used against the leaf actuator.

June 24, 1958

13/]6'tmox.—f

Free 1/16"
Position  Operating
l Position

Characteristics
(at tip of leaf)

Operating Force 5 oz. max.

Release Force...1/2 oz., min.

Pretravel ....5/32 in., max.

Overtravel.. .. .. ... .........must not be permitted in
excess of 1/16 in.

Movement Differential ...0.050 in., max.

Net Weight...................... 0.064 lb., max.

"L2'" Roller Leaf Actuator Switches

"L2" Roller Leaf Actuator Switches are useful in applications
that combine extremely low operating foxrce with relatively large
operating movement. Typical applications are those that employ
synchronous clock motors or other low power means.

1-1/4' max.
Free
Position '

1-1/8"
Operating
Posilion

Characteristics

Operating Force ... 6 oz., max.

Release Force..... 1/2 0z., min.
Pretravel......... 5/32 in., max.
Overtravel...... [ must not be permitted in

excess of 1/16 in.
Movement Differential....0.050 in., max.
Net Weight...........ccoivivnenn 0.073 lb., max.

Actuator Not Adjustable
Depressing the leaf beyond 1/16 in. limit of overtravel or bend-
ing the leaf will affect the switch life. Should the application

require greater overtravel or require adjustment by bending the
leaf or lever, the type "M" or "W" switches may be more suitable.

""M" Lever Actuator Switches

"M'" Basic Switches are for operation by cams and non-linear
movements, as well as by straight line actuation. The straight

flat lever is particularly useful on applications where the cam
motion is relatively slow.

=)
|
15/16"max. 3/4"
Free Operating
Posit’ion Position

Y '
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Characteristics

Operating Force ...60z., max.

Release Force....1 oz. min.
Pretravel...... 7/32 in., max.
Overtravel.........ccoveeennn 7/32 in., min.
Movement Differential 0. 004 to 0.035 in.

Net weight. .......... 0.074 Ib., max.

Reverse Action

The action of the "M" switch is the reverse of that of other
Basic Switches. A spring on top of the switch case holds the
switch plunger depressed. Actuating force applied to the lever
overcomes the spring force, releasing the switch plunger. Ter-
minal arrangement is likewise the reverse of other types of
Basic Switches. The lever may be bent to change and adjust
operating position, without affecting other characteristics.

"M2" Roller Lever Actuator Switches

"M2'" Roller Lever switches are for actuation by fast moving

cams as well as straight line motion.
1-11/32"

J Free

1 Position
1-3/16"
Operating
Position l

v

Characteristics

Operating Force...... 8 1/2 oz., max.
Release Force...2 oz., min.
Pretravel....3/16 in., max.
Overtravel...... 5/32 in., min.
Movement Differential 0.003 to 0.025 in.
Net Weight...........0.081 lb., max.

Reverse Action

Like the "M" above the switch action is the reverse of other
Basic Switches. A spring around the lever pivot bears against
the switch cover and the lever holding the switch plunger fully
depressed. Force applied to the roller overcomes the spring
force thus permitting the internal snap-action spring to snap to
its other position. Note that terminal arrangement is likewise
reversed. The lever arm may be bent for adjustment.

"M22'" Roller Lever Actuator Switches

"M 22" Basic Switches are designed for operation by fast
moving cams in applications where a compact switch unit is
required.

i

i

1-1/4" max.
Free

Posttion

i

1-5/32"
Operating
Position

' Y
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Characteristics

Operating Force...19 oz., max.

Release Force....6 0z., min.
Pretravel...... 7/64 in., max.
Overtravel.......... 5/64 in., min,
Movement Differential....0.001 to 0.011 in.
Net Weight. .............. 0.079 lb., max.

"W'" Lever Actuator Switches

"W switches are distinguishdd from other Basic Switches
by their low operating force requirements. The flat lever actua-
tor may be operated by cams or slides.

P S
1-1/16" 23/32"
Free Operating
Position Position

Y Y

o D]
|

Characteristics

2RW (with coil spring)
Operating Force......1to 21/2 oz.

Release Force........ 1/2 oz., min.

Pretravel............ 11/32 + 1/16 in.

Overtravel.......... ...3/16 in., min.

Movement Differential...... 0.016 to 0.078 in.

Net Weight................. 0.076 lb., max.
2RW4 (without coil spring)

1/4 to 1 oz.

1/4 oz. nominal
3/8 in., max.
3/16 in., min.
0.016 to 0.078 in.
0.075 lb., max.

Coil Spring Optional

""W" switches are available either with or without an auxiliary
coil spring under the lever. This coil spring stiffens the lever
action and improves the resistance of the switch to vibration.
Without the coil spring this switch is extremely sensitive in
respect to operating force.

The lever may be bent for adjustment.

Part Number 228093

3/64" Max. Pretravel j

Lt

m

37/64"
Operating
Position

e y
=)

vl

Characteristics

Operating Force- 8 0z; max.
Release Force-~ 2 oz; min.
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Differential
Travel- .006 to .016 in.
Overtravel- .031 in; min,

Ratings
5.0A~ 125-250 VAC (UL Listed)
5.0A- 30 VDC

Resistive
Inductive*
Motor**

.5A - 125VDC (UL Listed)
.25A 250 VDC (UL Listed)

Switch, Cover Interlock

Cover Open-Normal Position

Flexible
Insulator
SPDT Switch N/C
10A-125 to 250V AC
1/2A-125V DC N/o
1/4A-250V DC Common

(4-40 Screws)

Cover Closed - Normal Position ~ Cover Open - Special Position

Toggle Switches

PartpPoles or Current Ratings Max. JAverage |Expected
No. |Circuits [Steady Maximum Break|Voltage] Toggle | Life
State | Non- Induc- to Actuat- | (5)
(1) |Inductive[Induc- [Ground|ing (4)
(2) (3) | Force
121-| SPST BA 125V
756 3A 250V
309-| DPST |15A [BA 125V
749 A 250V 600V 15 oz
128-| DPDT A 125V
455 A 250V
[817-| DPDT 10A 250V
779 | Center
Off
340-| Momen- 10A [6A 125V [2A 50V | 750V 22 oz 166000
5i7 | tary 3A 250V 266000
SPST
N/O
276-| Two 6A 125V
30 Circuit 3A 250V

8= Single D= Double P=Pole T= Throw

1. Maximum allowable RMS or DC (IzR) current for a tempera-
ture rise of 30 degrees C or less.

2. For R/L values of

June 24, 1958

3. Maximum continuous Sinewave RMS voltage which may exist
between the terminals and the non-current carrying metallic parts.

4. An average force of 15 to 21 ounces is recommended where
high rates of operation are expected. This helps to prevent bruis-
ing the operator's finger.

5. Number of complete cycles of operation to first failure: and
average number of operations of all samples tested. Occasionally
one sample will have extremely long or short life and will not be
included in the information above. Life may be defined as mecha-
nical or electrical failure with the load shown in the "Inductive DC"
column.

o—" —@ 0—@@—;'_@

121756 340517 81779

Operator's Panel Neons and Lights

Check all neons and lights for correct operation. If neon does

not light after changing bulb check neon inverters below right hand
resistor panel

Operator's Panel Operating Keys

Enter Quotient. With the machine in manual status the enter-
quotient and operator's panel entry keys are used to enter any 36-
bit binary number into the MQ register. The MQ register neons
show the information which is contained in the MQ. The enter-quo-
tient key is inoperative when the machine is in automatic status.

Enter Instruction. With the machine in manual status and the
1/0 interlock off, depressing the enter-instruction key will perform
any legitimate instruction entered on operator's panel entry keys.
The contents of the instruction counter will remain unchanged when
any but a transfer type of instruction is executed. The key is not
effective with the machine in automatic status.

Display Storage. The display-storage key is capable of display-
ing, in the storage register, the contents of any address in core
storage regardless of what the contents may be. Under no circum-
stances is the display-storage key capable of modifying the contents
of any storage location. This key is effective only when the
machine is in manual status and the I/0 interlock is off.

Display Index. The display index keys is capable of displaying,
on the index register neons of the operator's panel, the contents of
the index register associated with the name of the key (A, B or C).

10-11



The information remains on the neons until the machine is put into
automatic status, another manual operation using an index register
is performed, or the reset key is depressed. The contents of the
index register does not affect the accuracy of the display. Depress
ing the display index keys does not modify the contents of any index
register. These keys are effective only when the machine is in

nnnnn status and the I/ﬁ interlogk ig off,

1
manuds SLWatus 12455

Display Effective Address. This key is depressed to display in
the address portion of the storage register the address portion of
the instruction located in the storage register, immediately previ-

ous to depressing the key, modified by the contents of the index re-

gister designated in the instruction word. The accuracy of the
effective address displayed is not affected by the contents of the
address or tag portions of the instruction or the contents of any

of the index registers. Depressing this key does not change any
core storage location or index register. This key is effective only
when the machine is in manual status, the I/O interlock is off, and
no index register is being displayed.

Single Step. The single-step key is depressed once to execute
the instruction located in core storage at the address which
appears in the instruction counter immediately before the key was
depressed. The machine stops after the execution of a single
instruction, unless that instruction is an input-output instruction
in which case the machine continues to execute the stored program
until the I/0 interlock is turned off. The instruction counter is
advanced or modified by the execution of an instruction with the
single-step key the same as it is when the instruction is performed
in automatic operation. The single-step key is effective only if
the machine is in manual status, the I/0 interlock is off, and the
program stop, I/O check, and card machine blown-fuse triggers
are off.

Multiple Step. The multiple-step key held depressed results in
a series of single-step instruction executions. All specifications
for single-step operation apply, except that the machine does not
stop until either the multiple-step key is released,or a program or
check stop occurs. The frequency of instruction execution is 2+1
instructions per second.

Normal Off. The normal-off key is depressed to immediately
remove all DC and all regulated AC voltages from the power dis-
tribution frame. Blower motors continue to run for 9+ 1 minutes
after the normal-off key has been depressed. At the end of this
time the unregulated AC voltages are no longer applied to the power
distribution frame and the blowers stop.

Power On. Within 9+1 minutes after depressing the power-on
key, all AC and DC voltages and the ready light are on.

DC-Off. The DC-off key is depressed to remove all DC but no
AC voltages from the power distribution frame.

DC-On. Within 2+. 5 minutes after depressing the DC-on key,
all DC voltages are present at the power distribution frame.

Reset. The reset key is capable of turning off any microsecond
delay unit or trigger whose neon or incandescent indicator appears
on the operator's panel, except the power light. The ready light
is on and the automatic light off as a result of the reset. When the
reset key is depressed, -250 volts is removed from all -250 reset
lines in the machine for a period of 200+40 milliseconds. This
reset affects neither the contents of core storage nor the machine
clock.

r;-

ﬂ
>
>
2,
®

with tho machine in automatic sta

Clear. With the machine in automat s, the clear

is depressed to perform all the functions of the reset key a.nd in
addition, resets the machine clock and resets all core storage
locations to 0's. This key is not effective when the machine is in
manual status.

Load (Cards, Tape, Drum). Any of the load keys are depres-

sed to reset the instruction counter, the address register, EOR

10-12

and EOF interlocks, the program stop and I/0O check indicators.
All other indicators remain unchanged. The load keys are effec-
tive only when the machine is in automatic status.

Start. The start key is capable of resetting the EOR and EOF
interlocks, the card machine blown-fuse trigger and the program-
stop and read write check indicators. This resetting function is
effective any time the machine is stopped, regardless of the status
of the automatic-manual switch. When the machine is in automa-
tic status, the start key is also capable of resetting the master
stop trigger.

Test Panel Switches

Check each toggle switch for make and break of the circuit it
controls.

704.14.07 Test Panel Receptacles and Sockets

Make sure that there are no broken wires or bent or broken
prongs.

704.14.08 Relay Gate

Duo-relay Visual Check

Make the following visual check of duo-relays:

1. Secure the core firmly to the frames.

2. Check for loose or burned contact points.

3. Check contact point alignment; Points should be aligned
both vertically and horizontally.

Make sure that contact pile holding screws are tight.

5. Clean contact points by removing loose dust with a wire
brush, caked or oily dust by flushing with IBM cleaning
fluid, and film from points by burnishing with the metallic
burnishing tool.

6. Remove armature to check for a worn, sticking, or
damaged armature pivot pin. It must turn freely in the
armature ears. Worn pivots affect the amount of rise and
point wipe lost. Saturate a pipe cleaner with light oil and
draw it through the pivot holes in the armature to remove
the foreign matter and lubricate the pivot points.

7. Remove foreign particles between armature and magnet
core and between armature and brass stop pin.

8. Lubricate the armature pad with a small amount of light oil
at the point where the contact pedestals rest on the pad.
This prevents wearing of the pad and the accumulating of
reddish dust at this point.

Wire Contact Relay Visual Check

Make the following check:

1. Check the relay contact terminal prongs.
clean and in alignment with each other.

2. Check the contact spring of the relay terminal receptacle on
the relay gate. These springs must have sufficient tension
to insure good electrical contact. If they are burned, have
lost their tension, or are badly bent they must be replaced.
To remove, use relay puller tool No. 45065. The tool is
attached to the relay and the pulling motion is straight out.

3. Check the relay contact wires for burned or pitted conditions
and replace any bad wires.

4. Apply one drop of light oil to the latching surfaces of the

latch and armature. Apply a drop of light oil at both pivot
points of the latch armature.

They should be

Relay Gate Cables

Check cables to the relay gate for any that are too tight or for
worn or damaged insulation.

704.14.09 Resistor Panel and Transformers
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Resistor Panel 704.15.19 Special Pulse Specifications

Check resistors for loose connections and for any operating at
extreme temperatures. If temperature seems abnormal, cut off
power and check resistance with an ohmmeter.

Filament Transformers

Check transformers for loose connections and also for any accu- y ..o +han or
mulation of dirt or red rust in the immediate area. Equal to 0.2

704.14.10 Rectifier 0. 1Em

Inverted Sync Pulse

< D

The Inverted Sync Pulses and Inverted Clamp Pulses should meet
all requirements of Figure 15-1 and Figure 15-2.

Less than or Equal
to 0.1

This rectifier is used for 40v supply to pick relays in the
operator's panel. Check the voltage across the relays for 40v 0.5 Em

Em= 48v + 2v

and visually check for hot spots, burned plates, and blown-out
expansion plugs on capacitors around the rectifier.

0.9 Em

704.14.11 Master Oscillator Assembly

Check to make sure that in turning the control varies the fre-
quency of the clock. Test the machine monthly for correct ma-
chine operatinn of the main frame diagnostic at both 920KC and
1090KC.

When the machine is installed, check approximate positions
on the scale to reach 920 KC and 1090 KC. In frequency biasing
afterwards, if these points change greatly, it may indicate
approaching trouble. Occasionally, block test the tubes in the

0.3+ .03

<« >

Figure 15-1

Inverted Clamp Pulse

0.15 + .015

ﬁ >

oscillator. 0.9Em
704.14.13 Block Tube Testing
0.5Em

Block test only after biasing and pulse checking fail to locate
general failures. An occasional visual check should be made for
open filaments on the parallel cathode follower. 0.2Em
704.14.14 Vibration Checking

Vibration testing should only be done where no other means of Less than o’r f;]

locating a trouble can be accomplished. Vibrate only the trouble Equal to 0.1
area and check for any other troubles put on in vibrating. See

"vibration checking' in core storage Section 737.14.14 for testing

of 6136 tubes. However, the 704 CPU must be capable of perform-

ing all normal operations without failure, while the pluggable units

Figure 15-2

Em= 40V + 3v

Less than or

Equalto 9.1

Note: All timings are in
useconds

and pluggable unit panels are vibrated sufficiently to cause the
failure of faulty electrical components and connections.

Vibration should only be done by tapping the tubes lightly with

Clock Drive Pulse

Clock Drive Line Pulses should conform to the specifications of
Figure 15-3, when observed at the termination of the associated

your finger or the eraser of a pencil. Vibrating any harder usu- coax line.
ally puts on more troubles than can be shown up by vibration.

Less than

704.14.15 Pulse Checking or Equal to 0.1

A scheduled procedure must be set up to check on critical and
important pulses. These pulses and shapes will be found in Sec— 0.9Em
tion 704.15.00, "Waveforms and Levels." Refer to that section
for any scope setups, shapes, levels and test points needed.

0.5Em

Less than or
’ﬁ ™

qual to 0.

!

Em =35v + 5v

704.15.00 WAVEFORMS AND LEVELS
0.1Em

704.15.16 Marginal Checking

One minute of error free operation shall be obtained at each

0.5+ .05

bias voltage limit while the CPU is operating a suitable diagnostic
using all the main frame instructions.

Nominal Voltage Recommended Test Limits
+150V +142 + 1Volt [+162 + 1 Volt
+220V +198 +1 Volt [+242 +1 Volt
-250V -230 +1 Volt -263 + 1 Volt
-100V - 90 +1 Volt |-110 +1 Volt
~ 30V - 33 +.5 Volt |- 27 +.5 Volt

June 24, 1958
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Figure 15-3
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704.15.50 Oscillator Output
A.

AL WATAN \
\\I{ \II\\\\\\
MF2-K39-1 8.06.02
1 usec/cm 10 Volts/em
Sync - MAO
B.
f
I
[T I\ N\
TR I\
\
MF2-K39-1 8.06.02
.2 usec/cm 10 Volts/cm
Sync - MAO

704.15.51 Sync Clamp Output
A,

L 1]
h
ANANAE AN
\ Il
MF2-140-2 8.06.02
1 usec/cm 10 Volts/cm

Sync - MAO

10-14

B.
\
MF2-140-2 8.06.02
.2 usec/cm 10 Volts/cm
Sync - MAO
704.15.52 Inverted Sync Line
A.
TV V70 || LI}
MF2-R40-6 8.06.02
1 usec/cm 10 Volts/cm
Sync - MAO
B.
A
V™Y A\ — 1'Ad
{
MF2-Q30-2 8.06. 04
.2 usec/cm 10 Volts/em
Sync - MAO
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704.15.53 Inverted Clamp Line 704.15.55 Master I Time

A.
L4 o ] l
| i
ui |
g p% g
el = = =
MF2-R39-1 8.06.03 MF1 - A18-4 8.05.04
1 usec/cm 10 Volts/cm 10 usec/cm 10 Volts/em
Sync - MAO Sync - MAO
0000 TRA (0000)
B.
704.15.56 Master E Time
N N\
\ —
1 ot
B ‘M
—HL——- -JT-
MF4-H36-5 8.06.04
.2 usec/cm 10 Volts/cm MF1-CB-2 8.05.04
Sync - MAO 10 usec/cm 10 Volts/cm
Sync - MAO
704.15.54 Clock Drive CLA (0000), ADD (0000), TRA (0000)
704.15.57 Master ER Time
VIRVIAN H
4{ I
|
MF2-R39-6 8.06.03
1 usec/cm 10 Volts/cm
Sync - MAO MF1 -B18-6 8.05.04
10 usec/cm 10 Volts/cm
Sync - MAO

CLA (0000), ADD (0000), TRA (0000)
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704.15.58 Clock Pulses

A. A0 R, EQto CT2
MF1-P13-1 8.04.01 MF1-B09-1 2.09
2 usec/cm 10 Volts/cm 2 usec/cm 10 Volts/cm
Sync - MAO Sync - MAO
B. Al 704.15.60 Instruction Counter
A. Advance
|
/
\
MF1-M13-1 8.04.01
2 usec/cm 10 Volts/cm MF2-P08-3 3.20
Sync - MAO 1 usec/cm 10 Volts/ecm
Sync - MAO
704.15.59 Pulse and Gate Generator
A. I9to CT1 B. Pos (17) Binary Input
MF1-A13-7 2.09 MF3-M22-2 3.20
2 usec/cm 10 Volts/cm 1 usec/cm 10 Volts/cm
Sync - MAO Synec - MAO
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704.15.61 Gated Minus on A0 (D1) 704.15.63 Tally Counter Drive

A.
[ |
|
MF3-M22-2 3.40
1 usec/cm 10 Volts/cm MF1-C12-6 8.04
Sync - MAO 5 usec/cm 10 Volts/cm
Sync - MAO
704.15,.62 shift Counter Drive
A. B. Tally Counter Drive Over
Sync Pulse
|
l i
' H SO AT
1 RIRTRIRIRIRINI|
iy ' yyy
MF1-E12-5 8.04
5 usec/cm 10 Volts/cm MF1-E12-5 8.04
Sync - MAO 1 usec/cm 10 Volts/cm
Sync - MAO 20 Volts/cm

B. Shift Counter Drive Over
Sync Pulse 704.15.64 Sync Pulse Over Binary
Input to Shift Counter (17)

[
L A
¥
MF1-E12-5 8.04
1 usec/cm 10 Volts/cm MF3-C28-7 3.05
Sync - MAO 20 Volts/cm 1 usec/cm 20 Volts/em
Sync - MAO

10-17 June 24, 1958



704.15.65 Sync Pulse Over Condi-
tional Transfer Cntl.

et

MF1-B26-1 2.07.02
2 usec/cm 10 Volts/cm
Sync - MAO 20 Volts/cm

704.15.66 Routing Lines -
A. Storage Register to Adders
Under Sync Pulse

J.ﬂ.,.

MF1-H35-6 2.08.05
2 usec/cm 20 Volts/cm
Sync - MAO

B. Storage Bus to Storage Register
Under Sync Pulse

MF1-Q33-6 2.08.01
2 usec/cm 20 Volts/cm
Sync - MAO

10-18

C. True Accumulator to Adders

Tl dnse Qevann Thelan
UlIUCL Dyuv ruioc

MF3-C35-4 2.08.06
2 usec/cm 20 Volts/cm
Sync - MAO

D. Adders to Accumulator Under

Sync Pulse
MF1-H32-5 2.08.09
2 usec/cm 20 Volts/cm
Sync - MAO

E. Index Registers to Adders Over

Sync Pulse
J1 jk
MF4—.B22-5 2,08.49
2 usec/cm 20 Volts/em
Sync - MAO
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F. End Operation

MF1-L27-7 2.08.31
5 usec/cm 20 Volts/cm
Sync - MAO

704.15.67 Interlock Reset
A. Load

i fortn
MF4-G23-6 4,.05.01
500 usec/cm 10 Volts/cm
Sync ~ Int.

B. Start
MF4-B26-7 4.08
500 usec/cm 10 Volts/cm
Sync - Int.
June 24, 1958

704.15.68 Key Operations
A. Single Stop

MF4-G21-2 4,07
200 usec/cm 10 Volts/cm
Sync - Int.

B. Enter Instruction

MF4-D29-1 4,17
20 msec/cm 20 Volts/cm
Sync - Int.

C. Storage Display

MF4-C20-4 4,18
20 msec/cm 10 Volits/cm
Sync - Int.
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704.15.71 Card Control Ring
D. Turn Off Master Stop Trigger A. Even Ring Drive

From Start Key

MF4-N01-8 5.11.01
MF4-023-1 4.05.01 100 usec/cm 10 Volts/cm
200 usec/cm 10 Volts/cm Sync - M01-8

Sync - Int.

B. 0Odd Ring Drive
704.15.69 Start Bias Reset

MF4-P01-3 5.11.01
MF4-F26-1 4.08 100 usec/cm 10 Volts/cm
50 msec/cm 10 Volts/cm Sync - M01-8

Sync - Int.

C. Even and Odd Drive Relationship

704.15.70 Sync Pulse Used to Sync Pulse

On Rd/Wr
4 /
MF4-P01-3 5.11.01
MF4-M01-8 5.11.01 100 usec/cm 10 Volts/em
100 usec/cm 10 Volts/cm Syne - M01-8

Sync - Fall of test Point M01-8
lower leg of AND ckt A
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D. Even Ring Drive Relationship C. Rd/Wr Pulse Over Sync Pulse
to Sync Pulse

; SasRsisas

mtge
MF4-1.01-2 5.11.01
MF4-N01-8 5.11.01 100 usec/cm 10 Volts/cm
100 usec/cm 10 Volts/cm Sync - M01-8

Sync - M01-8
D. Rd/Wr Pulse Over Sync Pulse
705.15.72 Rd/Wr Pulse

A.
|
——— 4,

MF4-L01-2 5.11.02

20 usec/cm 10 Volts/cm
MF4-101-2 5.11.01 Sync - M01-8
200 usec/cm 10 Volts/cm
Sync - M01-8

B. Rd/Wr pulse Over Sync Pulse

/1l
MF4-1.01-2 5.11.01
200 usec/cm 10 Volts/cm
Syne - M01-8
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704.20.00 CORRECTIVE MAINTENANCE
704.21.00 REMOVALS
704.21.02 Filters
Main Frame

Remove back covers from panels. Filters can be lifted out

after the holders are unscrewed.
Right-Hand Resistor Panel

The lower right-hand cover must be removed to unlatch the
relay gate and pull it open. The filter can now be lifted out.

704.21.03 Blowers and Motors

CPU

The motors and blowers are held to the base by four bolts.
These bolts must be removed from the under side of base after
the filters are removed.

Right-Hand Resistor Panel

The blower and motor held to the base by four bolts which

motor are
are accessible from the rear of the panel.

704.21.06 Operation Panel

This panel is held to the main frame by two hinges. An arm
extending to the top of panel holds the panel in position.

Keys and Key Assembly. The keys are held to the key as-
sembly by a small four-fluted bristol screw. Remove the bristol
screw from the key lever and pull it off. The front covers of the

key assemblies are held to the base by screws. Each key as-
sembly is held in place to the base by four screws. Remove four
screws from the rear side of the key assembly and remove from
rear of the panel.

Button and Switch Button Assembly. Loosen the hex nut in the
rear of the panel on the hutton assembly. Push the assembly to
the front and remove the button by loosening the set screw in the
button. Remove the button assembly from the rear of the panel.

Neon Assembly. Remove the screw at the back of the panel
and remove the complete neon assembly to replace a neon.

Lamp Assembly. Remove the cover of the light by inserting
a screw driver. Pull out the lamp from the front of the panel.

704.21.11 Master Oscillator Assembly and Crystal

Remove the input and output cables. Remove the screw at the
top, letting unit drop down on its hinges. Remove the four
screws in the hinges, and the complete assembly can be removed.
Four screws in each end can be removed to take the covers off
the assembly.

704.22.00 ADJUSTMENTS AND TIMINGS

704.22,06 Operator's Panel

Key Blank and Key Switch Assemblies. There should be .015-
020" air gap on n/o points and n/c points when they are trans-
ferred. There should be 30-35 grams' strap tension on the n/o
and n/c points.

Button and Switch Assembly. Check to see the operation of the
button or switch is completed when it is operated. For a complete
writeup on switches as used on the operator's panel, refer to

704.14.06. Some ratings of microswitches are given in the fol-
lowing chart.

CURRENT RATINGS, BASED ON FOLLOWING CONTACT LIFE RATINGS:
Conservative Minimum Contact Life -- 25, 000 Operations
Probable Contact Life -- 50,000 Operations
INDUCTIVE LOADS NON-INDUCTIVE LOADS
Sea Level to 50,000 Ft.
Incandescent Filament,
Maximum Heated Fila-
ment Load
Max. Continuous Max. Permissible
Current Rating Starting Inrush
DC Contact Sea Level Normally Normally Heater Normally Normally
Volts Break to 20,000 Ft. Closed Open Loads Closed Open
Distance Contacts Contacts Contacts Contacts
Volts Amperes Amperes Amperes Amperes Amperes Amperes
6 .070 in. 25 40 20 25 3 1.5
to .036 in. 25 40 20 25 3 1.5
8 .020 in. 25 40 20 25 3 1.5
12 .070 in. 25 40 20 25 3 1.5
to .036 in. 25 40 20 25 3 1.5
14 .020 in. 15 40 20 25 3 1.5
24 .070 in. 20 40 20 25 3 1.5
to .036 in. 10 40 20 10 3 1.5
28 .020 in. 5 40 20 6 3 1.5
110 .070 in. 0.4 40 20 1 1.0 1.0
to .036 in. 0.2 40 20 0.6 0.6 0.6
115 .020 in. 0.05 40 20 0.5 0.5 0.5
220 .070 in. 0.2 40 20 0.4 0.4 0.4
to .036 in. 0.1 40 20 0.3 0.4 0.4
230 .020 in. 0.03 40 20 0.25 0.4 0.4
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Current ratings are based on a maximum permissible tempera-
ture rise of 30° C, a value which is generally employed in rating
by the Underwriters' Laboratories. A maximum of 25 amperes
of continuous loading will produce a temperature rise that will not
exceed 30° C.

Ratings are based on a '""make-and-break current" cycle of ]
per minute. The term ''conservative minimum contact life'" is an
arbitrary definition which, in the case of direct current ratings,
means a value so selected that almost all switches tested under
the given conditions will display substantially longer contact life
values than the given value. With the exception of an extremely
small group of cases, the value of minimum contact life may be
considered the practical minimum value of contact life under rated
life.

704.22.08 Relays
Duo Relay Adjustments

Armature Freeness. The armature should be free on its pivot
pin with a slight end play of .010" + .006". The pivot pin and
ears of the armature should be free of burrs. Bend the armature
ears to adjust for end play.

Armature Squareness. With the armature held in the attracted
position, the residual pin should rest squarely against the core
face and the armature should be parallel with the core face.

Residual Pin. The residual pin should project . 005" (+.005",
- .002") from the armature. Check this by inserting the required
thickness gauge between the fully attracted armature and core on
each side of the residual pin. In all cases a . 003" gauge should
be free and a . 010" gauge should not go. This is also the method
to check armature squareness.

Armature Air Gap. This is one of the most important relay
adjustments, for any deviation affects pickup and drop-out time.
Variations in this adjustment may improve operations in one ap-
plication but cause failures in another. A specific air gap dimen-
sion is determined for proper operation on all applications for
which a duo relay is selected to operate. For special applications,
decreasing the air gap will decrease the pickup time and increase
the drop-out time, and increasing the air gap will increase the
pickup time and decrease the drop-out time.

Duo relays are of two general types, single core and double
core. Several different air gap dimensions are specified below
for the relays within these two classifications.

With the armature in the fully de-energized position, insert the
specified thickness gauge completely through the residual to
measure the gap. To adjust, bend the armature at the 90° turn.

The armature core air gap dimensions for double-core relays
are measured between the armature and the lower core. With the
armature fully attracted there should be . 003" to . 005" clearance
between the armature and upper core.

Relay Type Measured Through

Air Gap

Remarks

1. Single Core <013" (+000", -.001")
-016'" (+000",-.002")

L0217 (+000", -, 003")

2, Double Core
a. Lower Core
b. Upper Core

. 028" (+000", -. 003")
.036" (+000", -. 003")
. 004" (£001")

Measured at lower core
Measured at lower core
Measured at upper core
(Clearance, no residual)
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Copperplated Armature. Some duo relays use a copperplated
armature with no residual instead of the cadmium-plated type.
Copperplated armatures are used because:

1. The copperplating tends to limit the formation of "red rust"
in the armature pivot holes, thus preventing freezing of the
pivot pin to the armature.

2. Removing the residual pin eliminates variations in arma-
ture travel and in residual magnetism effects due to flatten-
ed residual pins. The residual pin effect is provided by
using a brass screw and a brass washer to hold the core and
yoke together.

The armature-core air-gap dimensions are the same in either
type of armature. Measure the air-gap dimensions by inserting
the thickness gauge completely through the core face. However,
do not replace the copperplated armature with a cadmium plated
armature (with residual pin) unless the brass screw and washer
are replaced with a standard screw.

Relay Contact Points. Most relay contact points are made of
solid silver but some are made of tungsten. Silver points are
generally used where the pressure is light, and the point is not
breaking a heavy current. Tungsten points are generally used
where the pressure is heavy, and the point is breaking a heavy
current circuit. Silver points tarnish and appear black and dirty.
This does not cause trouble normally, for the tarnish is conduc-
tive.

Maximum current and voltage capacities for a duo-relay contact
point are 5 amperes at 130 volts. Contacts are mounted on duo
relays in two piles. Facing the armature side of the relay, the
pile to the left is the A side with an AU and AL contact point. The
pile to the right is the B side with a BU and BL contact point. Be-
fore checking and adjusting the contacts, it is absolutely necessary
that the armature-core air-gap dimensions be adjusted and that
the residual pin be checked for proper projection.

The method used to adjust the contact points of a duo-relay is:

1. Insert the specified thickness gauge between armature and
core and press on the armature to hold the thickness gauge
in place.

2. Holding the armature in this position, adjust all contact
point air-gaps for a minimum clearance (. 001" to . 002")
between points. Points should not touch but the slightest
perceptible movement should cause them to touch.

3. Remove the adjustment gauge and check the making and the
breaking conditions of the points with the armature in both
the energized and de-energized positions. In the energized
position the n/o point stationary strap, should be lifted ap-
proximately .010" off supports or have enough flex to in-
sure good contact. The n/c points should have an air gap
of .012" to .020". In the de-energized position the n/o
points should have an air gap of .012" to .020". For n/c
points, the stationary strap should be lifted approximately
. 010" off the support strap.

Transfer Contact Check. In checking transfer contact point
operation be sure the normally closed points break before the nor-
mally open points make.

Contact Strap Tension. Tension on the operating straps is 15
to 20 grams of pressure measured with a gram gayge on the tip
of the contact point. Tension on the stationary points are 25 to
35 grams for fast operating relays and 45 grams for slower oper-
ating relays, measured at the tip of the operating contact.

Anti-Bounce Bumper Straps. Adjust the bumper straps so that
the contact strap just touches the bumper when the armature is
fully attracted.




Wire Contact Relay

Pickup and Drop-out Time. The pickup time is considered as

6 milliseconds for all wire contact relays in the 704 system. The
drop-out time is 4 milliseconds for all wire contact relays.

204

Adjustment Procedure

1.

The contact air gap is machined to .025" + .001" and should
not be adjusted. Adjust for a .003" to .005" clearance air
gap between the armature and core with the armature at-
tracted. This adjustment is made by forming the center sec-
tion of the armature. The residual must be flat against the
face of the yoke and the armature and core must be free
from dirt or metal chips. There must be about .050"
travel at the free end of the armature.

With no wire tension on the armature, the compression
spring must exert 8 to 12 grams of tension measured on the
free end of the armature.

The contact wires must be positioned near the center of the
contact. Armature end shake must not let the wires reach
the edge of the contact.

Adjust tension on the contact wires by shifting the wire
holder so that a 50 gram pressure applied at the center of
the free end of the armature is needed to move the wires
away from the contacts of the n/c side. A 70 gram and 130
gram pressure is needed on the 6 and 12 position relays,
respectively.

Adjust the magnet yoke assembly so that with a . 010" thick-
ness gauge between the armature and yoke at the free end

of the armature, and the armature attracted, all contact
wires make contact on the n/o side. With a . 015" thickness
gauge inserted and the armature attracted, none of the wire
must make contact on the n/o side. Make this adjustment
by moving the yoke assembly at the lower end so that the
wire holder adjustment will not change.

Adjust the damper screw to allow . 005" to . 010" movement
between the vinylite damper and the wire bracket before

the wire bracket can move any contact wires.

Latch Type Wire Relays

Adjustments
1.

The adjustments are the same as for the non-latch type ex-
cept on adjustment 5 above; with . 015" the wires make con-
tact and with . 020" the wires do not make contact.

With the relay coil energized there is .003" to . 005" latch-
ing clearance between the relay armature and the latch at
the latching point. To adjust, add or remove shims
between the relay magnet yoke and latch magnet yoke.

With the latch magnet energized the latch armature must
clear the relay armature by . 003" to . 006" at the latch
point. Minimum clearance of . 010" is checked between the
bottom of the latch armature and the relay moulding. Make
this adjustment by forming the latch.

With the relay armature in the latched position, the point
of contact of the latch is 90° to the armature residuai.
Pressure of 25 to 40 grams on the core end of the latch
armature must release the relay armature. Pressure of
100 to 125 grams would be needed in a six position relay.

Duo Relays and the Adjustments Used on the 704 Relay Gate

Relay Relay Armature Contact Operating Time in Milliseconds
Position Part Core Air Gap Adjustment
Number Number Through Pickup Drop-out
50 282745 .016 . 010 20-26 2-4
51 281077 . 020 .012 17-23 2-4
52 281077 . 020 . 012 17-23 2-4
53 281077 . 020 .012 17-23 2-4
54 111401 .021 . 012 16-20 3-6
55 111401 .021 .012 16-20 3-6
56 206672 . 017 . 010 16-20 3-5
57 111351 .021 .012 12-16 3-5
58 121841 . 016 .010 17-23 3-5
59 281077 .020 .012 17-23 2-4
61 111351 .021 .012 12-16 3-5
62 111351 .021 .012 12-16 3-5
63 281077 .020 .012 17-23 2-4

June 24, 1958



704.22.09 Bleeder Resistors

The slide resistors which are used for bleeder resistors in
the -30v and +15v power supplies are located in both the front
and back side of the right hand resistor panel. The resistor num-
bers are found on Systems Diagrams, 9.29, sheet 4 of 5. The
method of using the resistors in circuit logic is found in Systems
Diagrams, 9.29, sheet 1 of 5, Numbers 2-25 are located on the
outside of the resistor panel and 32-60 are located on the inside
of the resistor panel.

There are several methods used in adjusting these adjustable
slide resistors. In the chart below is given the ohmic resistance
from the slide terminal to ground. This value is pre-set before
power is applied. After power is brought up, a good DC meter
is used and the slide can be adjusted slightly to get either the
+10v or -30v output. The adjustment should be slight from the
original setting and must be done only with power down. Under
no circumstances will the slide be adjusted more than halfway
toward the ground end of the resistor to get the +10v output.

Another method that may be used is to set the slide resistors
for minimum resistance and then measure the voltage at the
input terminal. Be sure the voltage supply is adjusted so the
input is very close +15v or -30v. Adjust the slide for the exact
voltage needed for the output. Again be sure the slide is never
adjusted past the halfway point toward the ground end for the
+10v output.

Resistor Res. Adj. Remarks

Number Value Value

51 i 10 ohms Fixed -30 volts #

52}Serles 10 ohms 19. 68 ohms -30 volts #

53 i 25 ohms Fixed -30 volts #
Series

54-} 10 ohms 29.5 ohms -30 volts #

55 50 ohms 45 ohms -30 volts *
Parallel

56} 50 ohms 45 ohms -30 volts *

57 ; 10 ohms Fixed -30 volts
Series

58} 10 ohms Fixed -30 volts

59] Parallel 50 ohms 42 ohms -30 volts *

60 50 ohms 42 ohms -30 volts *

Resistor Res. Adj. Remarks
Number Value Value
Z}Series 10 ohms F%xed -30 volts
3 10 ohms Fixed -30 volts
43—Paralle1 50 ohms 44 ohms -30 volts *
5 50 ohms 44 ohms -30 volts *
7 : 10 ohms Fixed -30 volts
BJ-SemeS 5 ohms Fixed -30 volts
9 25 ohms 21.4 ohms -30 volts
10 25 ohms Fixed ~20 volts
129 geries 50 ohms Fixed ~30 volts #
25 ohms 64. 2 ohms -30 volts #
14]-Series 50 ohms Fixed -30 volts #
15 5 ohms 53. 2 ohms -30 volts #
251 series 25 ohms Fixed -30 volts #
19 25 ohms 43.6 ohms -30 volts #
20 100 ohms Fixed -30 volts
32 5 ohms 3.3 ohms +15 volts
33 5 ohms 3.3 ohms +15 volts
34 10 ohms 6 ohms +15 volts
35 10 ohms 7.9 ohms +15 volts
36 10 ohms 7.9 ohms +15 volts
37 10 ohms 6.7 ohms +15 volts
38 5 ohms 3.3 ohms +15 volts
39]-Pa.rallel 10 ohms 6.4 ohms +15 volts *
40 10 ohms 6.4 ohms +15 volts *
42 10 ohms 6.1 ohms +15 volts
43 10 ohms 9.2 ohms +15 volts
44 10 ohms 8.5 ohms +15 volts
45 10 ohms 6 ohms +15 volts
46}Series 25 ohms Fixed -30 volts #
47 10 ohms 32 ohms -30 volts #
48 25 ohms 13.9 ohms +15 volts
49 5 ohms 3.3 ohms +15 volts
50 5 ohms 3.3 ohms +15 volts
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All resistors are 100 watt resistors.

# Jumpers of series combination left on and resistance meas-
ured over combination.

* Jumpers of parallel combinations are removed and resistance
measured over each separate resistor.

704.22.11 Master Oscillator Assembly

Occasionally check the oscillator frequency against the scope
multivibrator. Even though the scope oscillator is not as accurate
as the CPU oscillator, any wide variance can be seen. If one is
seen to vary, check the CPU oscillator against the second scope
to see whether the CPU or scope oscillator is varying.

Master Oscillator Check

The master oscillator is designed to give either a variable
frequency output or a crystal controlled frequency of 1 mega-
cycle. The crystal is located in the feedback circuit and is
brought 1nto or out of use in a manner designed to minimize
irregularities in the output waveform at the time of change.

The tuning condenser forms part of the tank circuit, during
the time the oscillator is crystal controlled, and must be at
approximately the correct value or the crystal will not control
the frequency. For this reason the dial of the condenser is
provided with a notch to position it accurately during crystal
control. The dial must aiways be in this position when changing
between crystal and variable control.

A test terminal is provided on the oscillator unit for use
when checking and adjusting capacity setting. To make the check
attach an oscilloscope having a good response at 1 megacycle
to the test point with a high impedance probe. Connection can
most easily be made with the aid of a male coax connector to fit
the connector on the unit.

Set the switch to "crystal, " and observe the behavior of the
test output while varying the frequency control dial from minimum
frequency to maximum frequency. This output go€'s through
three variations. At the start there will be a uniform output that
will vary in frequency (Figure 22-1). At the time that the
crystal takes control the output suddenly doubles in size (Figure
22-2). Further change of the frequency control dial will leave
the frequency constant, but will cause a gradual distortion of
the wave shape until the limit of the crystal control range is
reached (Figure 22-3). Further change in the frequency control
will again cause the crystal to lose control. Reversing the
direction of rotation shows that the hold-in range is greater than
the lock-in range.
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Figure 22-1

To adjust the capacitor setting, allow the oscillator to run
long enough to reach normal operating temperature. Lock the
dial in its crystal operation position. With a small screw driver
adjust the trimmer condenser located above the tuning dial to
determine the settings to give the conditions in Figures 22-2 and
22-3. Adjust the trimmer to set half-way between the two set-
tings. This will give a wave shape similar to that shown in
Figure 22-4.

If for any reason the tuning dial has been removed, set the
trimmer condenser to 25% of capacity. Adjust the variable
frequency control capacity to locate the proper settings, keeping
this setting; replace the dial so that catch falls in the notch and
tighten the set screws holding the dial on the shaft. Recheck
setting by varying the trimmer as described above.

The output wave shapes observed here are not the output
wave shapes since the test points are located in the feedback
circuit.

After the dial is set, rotate it clockwise (minimum capacity)
to the limit of travel. Pointer should be between marks 13 and
17. I« it is outside these limits, adjust dial to read 15 with the
condenser at minimum capacity. Fasten the dial, adjust
trimmer condenser to 25% of maximum capacity. Turn the dial
to the lock position. Remove cover and adjust inductance of
the coil by means of the core to give test output of Figure 22-4.
This adjustment is not necessary for routine adjustment checks.

Figure 22-2

(Note Distortion)

VYWY

Figure 22-3 Figure 22-4
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Clock Line Delay (Systems Diagram, 8.04)

Shift Counter Drive Line. This line is used to step the shift
counter on Systems Diagram, 3.05. As a starting point for
setting this tap in the delay unit, the input to tube A12-05A
should be set 2 sections from the 1K load or pin A-18 in PU9029
MF1-Al2.

Next sync scope on MF3-G21-7 (primary oper. 76 for a shift
instruction). Put the machine into continuous storage read in
using LLS instruction. With one probe scope MF1-L28-1 (step
shift counter, Systems Diagram, 2.08.34) and with the other
probe scope MF1-E12-7 (shift counter drive line, Systems
Diagram, 8.04).

The tap is set to obtain the figure as shown below.

N

ALy

\

NN

TETT
S

[HEBNTNINT S as WY

LAAS RALS LAY
]

U

10 volts/cm

A usec/em

Tally Counter Drive Line. This line is used to step the FP
tally counter. As a starting point for setting this tap in the
delay unit of Systems Diagram, 8.04, the input to tube A12-03A
should be set 0 sections from the 1K load or in C-17 in PU9029
MF1-A12, 1t is imperative that the fall of the line coincide with
the fall of a clock pulse shown below.

Insert the following program.

0 LDQ 0003
1 MPY 0003
2 TRA 0000
3 +000000000010

Sync scope of MF3-H19-5 (primary oper. of MPY on Systems
Diagram, 3.10). With one probe scope MF1-N05-7 and with the
other probe scope MF1-P12-1 which is an A2(D1) pulse (Systems
Diagram, 2.09, sheet 2). Adjust the tap until the figure below
is observed.

F
I Y F
tHH ’ HHERHH T
10 volts/cm
.4 usec/cm
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704.30.00 DIAGNOSTIC OR RELIABILITY TESTS

704.31.00 MACHINE CHECK-OUT DIAGNOSTICS

704.31.01 Main Frame Tests

Program Program Name Time Freq. Main Power Supply
No. of +220 | +150 | -30 |-100 | -250 |-130
Test
4M34 Main Frame Reliability 2 passes 920KC +198 | +142 | -27 | -90 | -230
1090KC +242 | +162 | -33 |-110 | -263
4M33 Floating Point Diagnostic 2 min. 920KC +198 |+142 | -27 | -90 | -230
OR 1090KC +242 | +162 | -33 |-110 | -263
4FPT F.P. & F.P. Trap Diag. 3 min. 920KC +198 | +142( -27 | -90 | -230
1090KC +242 |+162 | -33 [-110 | -263
704.31.02 Core Storage Test
4805 Complimenting Pairs 1 min. +198 | +142 | -27 | -90 | -230 {-117
AND
4506 Checkerboard each +242 |+163 | -33 |-110 | -263 |-143
704, 31.03 Drum Tests
4D10 Combined Drum Test 5 min. 910KC +198 |+143 | -27 | -96 | -230
1090KC +234 1+163 | -33 |-108 | -259
704.31.04 Printer Tests
4P01 Read Printer Test +198 | +143 | -28 | -90 | -225
+241 (+122 | -33 |-110] -263
704.31.05 Card Reader Tests
4C02 Card Reader Timing Test 1 min. Timing Test Only
30-2
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704.31.06 Punch Test

[Program Program Name Time Freq, Main Power Supply
No. of +220] +150 | -30 | -100 | -250 [-130
Test
4R01 Random No. Punch Test 1 pass +198 | +143 | -27 | -90 | -230
+242 | +163 | -33 | -108 | -264
704.31.07 Tape Tests
Main Power Supply Tape Control
+220 | +150 | -30 | -100 |-250 |+140 | -60 [-130
4TO01 Random No. Tape Test 1 pass +198 | +142 | -28 -90 |-235 |+133 | -54 |-117
+242 | +163 | -33 | -110 [-262 [+150 | =78 |-137
4T04 Test Tape Unit Addresses 1 min. +198 | +142 | -27 -90 [-230 [+133 | -54 [-120
+242 | +162 | -33 | -110 [-263 [+150 -78 | -137
4TO07 Write on 3 tapes 1 min, +133 | -54 | -120
+150 -78 | =137
704.32.00 MACHINE RELIABILITY ACCEPTANCE
Program No. Program Name Time of Test
4M34 Main Frame Reliability 8 Hours
4M33/4FPT Floating Point Test 30 Minutes
4805 Complimenting Pairs Checker- 30 Minutes
Board
4506 Complimenting Pairs Checker- 30 Minutes
Board
4T01 Tape Diagnostic 1 Hour/Tape Unit
4D10 Combined Drum Test 8 Hours
4P01 Echo Check 1000 Lines
4R01 Punch Test 1000 Cards
4TO09 Tape Read Interchangeability Write a tape on each
Tape Unit. Read each
tape on every tape drive.
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704.33.00 LOAD PROGRAMS

704.33.01 Non/Iterative Loading Using the Load Button and a
Pre-punched Copy Card

1. The first automatic copy puts what is punched in the 9-row
left of the card into storage location 0000.

2. The second automatic copy puts the 9-row right into location
0001.

3. The automatic TRA 0000 starts the load program at 0000.
In storage at this time: 0000--CPY 0001; 0001--00--00.

4. The main frame completes the instruction at 0000, which
means it copies into location 0001 in storage what is
punched in 8-row left. In storage at this time: 0000--CPY
0001; 0001--CPY 0002.

5. The main frame steps to the next instruction (CPY 0002)
and completes it. This time we copy into 0002 in storage
what is punched in 8-row right. In storage at this time:
0000--CPY 0001; 0001--CPY 0002; 0002--TRA 0000.

6. After the main frame steps to the instruction at 0002 (TRA
0000), it transfers to 0000. At 6000 we have CPY 0001,
which now means copy into storage location 0001 what is
punched in the 7-row left of the card. In memory at this
time: 0000--CPY 0001; 0001--CPY 0003; 0002--TRA 0000.

7. When the instruction at 0000 is completed we step to 0001
where we now have CPY 0003. This means copy into stor-
age location 0003 what is punched in the 7-row right of the
card. This will be the first instruction of the program be-
ing put on the pre-punched copy card.

8. This operation will continue until we come to the 12-row
left, where either a TRA 0003 or a RDS card reader will
be punched. In the case of a TRA 0003, the CPU will trans-
fer and start the program. In the case of RDS 0321, the
card reader will take another cycle and the first instruction
punched in the 9-row left of the second card will be CPY
0014. The right side of the second copy card may have
instructions punched from the 9-row right to the 11-row
right. In both of the above cases it may be seen that there
must not be anything punched in the 12-row right.

9. There may be any number of copy cards following each
other if the RDS 0321 is punched in the 12-row left, if the
pre-punched copy locations are sequential, and if the final
card to be read has a TRA 0003 punched in the 12-row left.

704.33.02 Iterative Loading Using an Index Loading Loop
(Punched in 9 Row L, 9 Row R, 8 Row L)

An example of an iterative loading loop is:

Location  Operation Decrement Tag  Address
0000 LXD A 0001
0001 CPY 0044 A 0046
0002 TIX 0001 A 0001

The automatic copies put the LXD and the CPY instructions into
storage at locations 0000 and 0001. The automatic TRA 0000
starts the load program operating. Upon execution of the copy at
0001 we copy into location 0002 what is punched in the 8-row left.
This is accomplished by bringing the amount in the index register
to the adders in the 2's complement, and adding the address of the
instruction being used (0046):

011 100 2's complement
100 110 address
000 010 effective address

When TIX is executed, the index register is reduced by the
amount in the decrement of the TIX instruction and we transfer
as long as the index register is larger than the decrement. We
repeat the mixing of the index register as before, and thus the
next effective address is 0003 (the first instruction of the program
being loaded). The row copied would be what is punched in the 8-
row right of the card. This procedure would be repeated until the
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index register is reduced to 0001; the main frame would not trans-
fer (TIX) but would step to the next sequential address, which is
0003, and the program that was loaded would then start operating.

704.33.03 Key-In and Punch Load Routine - 4M09

This load routine is used to aid in keying-in routines with
either bootstrap, non-bootstrap, or R. H. check sum format, and
to have cards punched accordingly. This program contains instruc-
tions and cards to place program on tape.

Bootstrap Operation With All Sense Switches Up

When program stop occurs at 0072, set the machine in
manual and push enter MQ key. Return to automatic and press
the start key. This enters the first piece of data in 8 right of the
card image. The entry appears in the accumulator and the MQ is
cleared after each entry is completed; thus, there is no question
as to whether the entry was made or as to which entry was made
last. Repetition of the above steps will enter data at each subse-
quent position of the card image. When the last desired position
of the card image is ready for entry, depress sense switch 1 be-
fore pressing the start key. This will fill all unused positions
with zeros, punch out the card, and reset conditions for a new
bootstrap card.

Non-Bootstrap Operation With Sense Switch 3 Down

This is exactly the same as the bootstrap operation except
that all 24 positions of the card image are available for entry.

Right-Hand Check Sum Format Operation With Sense Switch
6 Down

When the program stops for origin entry at 0035, enter origin
in operator's panel keys to the MQ. Set in automatic and press
the start key. This step enters the origin only; subsequent
operation of the program enters the number of card image entries
into the decrement of 9-row left and computes the check sum
entry for 9-row right. The program now stops for regular pro-
gram data entry at 00438. Data are entered in the same manner
as in the case of a bootstrap card except that the first item is
stored in 8-row left of the card image. If entries total less than
a full card, operate sense switch 1 with the last entry and press
the start key. The card will punch out with a proper 9-row left
decrement entry and check sum, and the program will return to
0035 for a new origin entry.

To change card format, set the desired format in the sense
switches and press the reset and start keys in automatic and the
new format will be ready for entry at the appropriate program
stop. To examine any position of the card image, store the card
image at 1000 to 1027; it may be examined by keying in the
desired display storage address in manual. Corrections may be
keyed in by the enter MQ and enter-instruction keys without dis-
turbing the rest of the card image or the key-in program as long
as the machine remains in manual, and entries may then be con-
tinued from the last previous entry. Corrections may be made
by resetting and restarting.

704.33.04 Load Key Test - 4M13

This is not a loader but a test of the load key routine.
RDS
CPY
CPY
TRA

0000
0001
0000

If the machine does not stop at addresses 0001 or 0002, dis-
play address 0000. If 0000 contains no transfer, the automatic
copy is not working. If 0000 contains a transfer to 0001 or 0002
and the machine did not transfer, the machine is not resetting the
instruction counter on load.
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704.33.05 One Card Absolute Binary Loader - 4M16

Place this program card 00 in front of the binary deck to be
loaded in the card reader hopper. Press the load key. Cards
will be loaded until either a transfer card or an end-of-file is
reached.

2 transfer card (P 2/4) may

To obhtain automatio transition r card (P 3/4) may

follow the binary deck, with a minus transfer instruction punched
in area A. The transfer may be placed in area B, in which case
area A may be used for another instruction to be executed prior
to transfer.

This program will only load cards which conform to the fol-
lowing layout. Referring to the load card layout, in the
ABSOLUTE BINARY card 9 row:

These columns are not seen by the calcu-
lator and may be punched in any way (all
rows).

Columns 1-8:

9: Absence of a punch in this column indicates
that this is a binary card, rather than a
transfer card.

22-26; Contain a number V, (0 > V ¥ 26g) which
specifies the number of words in the card,
beginning with 8-row left, which are-to be
stored and checked.

30-44: Contain the address R (00000 > R >
77777g) at which the first word is stomed (8-
row left). The remaining words are stored
in sequence.

45-80: Contain the check sum for the stored portion
of the card, formed by adding the stored
words of the card to the contents of 9-row
left. In this addition, signs (columns'9 and
45) are treated as numericals and all car-
ries from the most significant position are
added in the least significant position.

In the TRANSFER card 9 row:

Columns 1-8: Same as above.

9 A punch in this column identifies a transfer
card.
9-80: Contain two words which are stored at loca-

tions 26g and 27g. After storing -A at 26g
and B at 27g, calculator control is transfer-
red to 26g.

704.33.06 A Non-Iterative Binary Loader {(Low End) - 4M24

This loader is used when 4M16 or 4M27 will not load in a
diagnostic deck. This loader provides the necessary program to
load a diagnostic program without using index registers and with-
out checking check sums.

This loader loads cards punched with check sums in 9-row
right and first address and number of instructions to be read in
9-row left. The loader recognizes a transfer card that has a
transfer preceded by a minus sign punch in 9-row left.

704.33.07 Binary Loader (High End) - 4M27

This loader provides a means of loading instructions from
cards having the same format as those described in 4M16. These
cards can be loaded into the low end of memory, even including
positions 0-26.
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There is one restriction in using this loader. The machine

cannot be loaded when it is in trapping mode.
704.34.00 DIAGNOSTIC FORMAT

704.34.01 Diagnostic Engineering Print Subroutine - 4 DEPR

This diagnostic subroutine will interrogate sense switches
and print a detailed account of error indications that may occur
as a result of running diagnostic test routines. The information
that is printed will include the test location; the primary instruc-
tion being tested in SHARE mnemonics operation codes; the ad-
dress of where the error was detected in the program; the status
of the sense lights and switches; the contents of the accumulator,
quotient, and index registers; status of the overflow/underflow
triggers, tape check indicator, and trap trigger indication which
will specify that the test routine is using some form of trapping
mode. The contents of location zero are printed in octal code.
When an input-output type print-out is desired, the word written
or generated and the word read are printed in octal along with
the word number and record number. This print subroutine
may be used only with test routines that have been written that
include the basic linkage to the subroutine. Index register C is
used in the subroutine.

Some of the internal workings of the print routine are:

1. Insert a BCD word of a SHARE mnemonics operation code
at the beginning of each section of a test to indicate the pri-
mary instruction to be tested; i.e., BCD 1CLA test instruc-
tion -- Clear and Add.

2. The basic linkage to the subroutine in symbolic notation
should be as follows:

a. Main Frame Test 1/0 Test
TSX Error, 4 TSX Error, -4, 4
TSX OK, 4 TSX OK, 4
TRA X TRA X

The return address for continuation of the program
will be two locations beyond the TRA X instructions.
For repetition of the same test, the return address will
be to address X, where the address X in TRA X speci-
fies the start of the test location. When the program
enters the TSX error, 4 instruction, it will cause a
CPU type of print-out, if printing is desired. Entry to
the TSX error -4, 4 instruction will produce an 1/0
type of print-out. Entry to the TSX OK, 4 instruction
will cause interrogation of the sense switches for repe-
tition of the test or continuation of the program,

b. Main Frame Test 1/0 Test
TSX Error, -1, 4 TSX Error, -2, 4
TRA X TRA X

When eritry is made to the above TSX instructions, the
program returns from the subroutine to the next location
immediately following the TRA X instructions. Address
X specifies the start of the test location.

3. When writing an I/O test, index register A should be used
for the word count of each record and index register B should
be used for the record count where possible. The total word
count 1 and record count 1 should be stored in symbolic
locations WDNO and RECNO, respectively, prior to entry to
the basic linkage of the subroutine.

4. Whenever a routine uses the trapping mode, the BCD SHARE
operation should be followed by a hyphen; i.e., BCD IETM -
Test INST Enter Trapping Mode.



704.34.02 Sense Switch Control

SSW 1 UP -- Test Sense SW 4

SSW 1 DN ~- Repeat Test Loop

S§W 2 UP -- Indicate errors - Test SSW 3 to print or halt

SSW 2 DN -- Bypass error indications - Test SSW 1

SSW 3 UP -- Print on error if SSW 2 is up, then test SSW 1

SSW 3 DN -- Stop on error if SSW 2 is up, then test SSW 1

SSW 4 UP -- Proceed to next test

SSW 4 DN -- Repeat section N times or, if error occurred,
go to next section

SSW 5 -- Free to use in each particular diagnostic

SSW 6 UP -- End Test - call in next test

SSW 6 DN -- Repeat entire program

704.34.03 Print-Outs

CPU Print-Out

Following is the type of CPU print-out:
Test Loc 00031, Opn Stp, Error Loc 00052, 0 Loc 402000000031,
Sw 000000, Lite 0000, MQ 000001010100, XRA 00001, XRB
00001, XRC 07726, Trap Tgr 0 Acc & Q 0, P 0, 300001010101,
Tape Ck 0, Div Ck 0, Ovfl MQ 0, Acc 0.

Test Loc 00031.
gram in error.

Indicates the start of the section of the pro-

Opn STP. Indicates the primary SHARE operation being tested.
Test instruction is store prefix.

Error Loc 00052. Indicates the location where the error was
detected. Error in program occurred at location 00052.

PSE Sw_000000.
A 0 implies that the switch is up and a 1 implies that the switch
is down. Sense switches and sense lights are read sequentially
from left to right.

Light 0000. A binary 1 implies that a light is on, and a binary
0 implies that a light is off.

The contents of the accumulator, MQ, and indices are in octal.

I/0 Print-Outs

Following is the type of 1/0 print-out:
Test Loc 00202, Opn RTB 1, Error Loc 00230, 0 Loc
000000100001, Sw 000000, MSE 0000, Comp Error, Word Gener-
ated 010 000 101 100 001 001 100 111 011 011 Rec 00001, Word
00002, Word Read 100 000 101 100 001 001 100 111 011 011.

Opn RTB 1. Indicates that the error occurred as a result of
reading tape 1 in binary.

Word Generated. Refers to the word written or generated in
storage that is being compared to the word read from tape unit 1.

Word Read. Indicates the word of the record that was read
into storage in error from tape 1.

MSE 000¢.

——

Indicates the status of the four sense light

n

Indicates the status of the six sense switches.

7

7

04.35.00 CPU RELIABILITY TESTS

04.35.01 MF Reliability Program and Diagnostic - 4M31

This program gives a comprehensive test of all the CPU

instructions, except floating point. The program is divided in

two parts.
floating point and indexing instructions.
test of all indexing instructions.

u
Ci

The first part is a test of all CPU instructions except
The second part is a

The first part of the test is

nder control of a general print routine, which is located after the
onstants. If one reads the first page of the control program,

which immediately follows the constants, a general understanding
of its operation will be derived. The general print routine has

€

1.

2,

ssentially two conditions:

On OK Program examines Sw 1 to loop and then Sw 4
for reliability run.
On Error Program examines Sw 2 to either bypass or

stop on error, Sw 1 to loop, and then Sw 3 to
either print or stop on error.

The TSX instruction is the connecting instruction for the con-

trol program; for this reason it is given a cursory test at the

b
b
n
s

eginning of the test. The plan used in this test is to start with
asic instructions and build upon them; that is, an instruction is
ot used until it has been tested. Therefore, on an error we can
ay that all previous instructions before the error work correctly

and our error lies somewhere in the section where the nrocram
aina our €rror 1i€S SOmEWINEre il une SeCiion wilelre ule program

failed.

The index test does not make use of the control program, but
is written in the format of PSE stops. The storage deflection
test is placed at the beginning of the CPU program. The loader
here is used in checking the HTR instruction by giving an incor-
rect check sum in one of the cards. A card of 4M31 is given an
incorrect check sum to check the HPR instruction. The 4M27A
loader has been changed to check HPR. Both check sum stops
were placed near the front of the decks so that the operator will
not have to wait long for the stop to occur.

Both loaders have been released with this deck. When the
storage deflection test does not load, remove the cards for the
storage deflection test and insert the 4M24A loader in place of
the 4M16 loader on 4M31 and try loading. If the cards do not
load, try loading 4M32. The last card of 4M32 has the row of
nines punched for your use. In the event it is impossible to load
cards, this becomes a useful means of determining whether or
not the load key routine brought any information into the MQ by
trying to load this card. To bypass the index register test, enter
transfer to 30 at 4300.

One of the most important functions of the error indication is
the error address. This address will permit the customer engi-
neer to refer to the routine in the program which failed. By
analyzing the routine with the aid of the comments on the listing,
it is hoped that he will be able to determine the manner in which
the machine failed and hence have sufficient information to
diagnose the cause of the malfunction.

It is important that this test be followed by 4M33. These pro-
grams are logically one diagnostic. The only limitation on the
length of the test is the size of storage. Any additional routines
that may be incorporated into 4M31 in the future will be a sepa-
rate memory load.

704.35.02 Execution Controls Diagnostic - 4M32

This program is written in PSE stop format to aid the cus-
tomer engineer in forcing the repeated execution of some failing
instruction with a minimum of programming complexity. The
test covers all CPU instructions except floating point and indexing.
The program is essentially the first part of 4M31. The program
deck is made up of copy cards so that it may load when other
programs do not load.
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The format of the test is essentially the same as that of 4M31
except that the format is PSE stops instead of TSX and general
print routine. This program is to be used when 4M01 will not
load with either of its loaders, or when a tighter loop is desired
for scoping a CPU instruction other than floating point or index-
ing. There is a restart in the program which is reset after
trapping routines. Restart is to the beginning of the program.
The last card of the deck has all of the nine row punched for the
customer engineer to use.

704.35.03 Floating Point Diagnostic - 4M33

This is a comprehensive test of the floating point instructions.
It also is written in the print routine format. The program is
divided in two parts. The first part is a test of floating point
instructions having no underflow or overflow conditions. The
second part is a test of floating point instructions having either
underflow or overflow conditions. The general print routine
gives control over the program. A minimum of instructions was
used in the control program to provide a close loop for scoping
purposes.

704.35. 04 Floating Point and Floating Point Trap Diagnostic -
4FPT

This is an addition put on 4M33 to test the floating point trap
feature. When the program starts, an alternator is set off to
be in one of the three phases of this diagnostic.

Phase 1 is the basic execution test of 4M33 without overflow
or underflow and not in floating point trap. Then set ‘a.lternator
on, and enter phase 2. Phase 2 repeats the 4M33 basic exe-
cution test without overflow or underflow in floating point trap
mode. The alternator is tested and found on. It is set off and
CPU goes to phase 3. Phase 3 is the floating point trap diag-
nostic with both overflow and underflow trap conditions.

When the program begins, all unused portions of core storage
are filled with a TSX instruction, so that if the program skips

wildly into space, the special space routine may recover controi.

704.35.05 CPU Reliability - 4M34

This test was written specifically to include floating point in
the reliability test. The program is a combined deck or 4M31,
less the 4S03 program, and an added floating point random
number test. At completion of one pass of 4M31, with sense
switch 6 up, the cards for floating point random number test are
called in. If more than one pass of the combined program is
desired, depress switch 6 at this time. The floating point ran-
dom number program is read into storage in the area used to
adjust storage constants for 4M31. After one pass this infor-
mation is no longer needed so we may write over that area. The
starting address in core storage for the constants used by floating
point random number test is at 7550.

The same sense switch control is used as in the standard
print routine. However, to allow the floating point random
number test to be included, which is a must, leave switch 6 up
to allow one pass to be made and then call in the rest of the cards,
at which time it is suggested that switch 6 be depressed. The
standard print-outs are the same as for 4M31. To run this pro-
gram correctly, load with switch 6 up. After one pass the full
program is read in from the card reader; at this time depress
switch 6.

This addition of the floating point random number test loads
over the storage adjusting routine of 4M31 in core storage area
4310 to 4410 and constants are placed in addresses 7550-7751,
then the transfer is to the beginning at 0030. There is no storage
deflection test at the beginning of this deck, and there is not a
check sum stop in the program as in 4M31.
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704.36.00 OTHER CPU TESTS

704.36.01 Test of Adders and Accumulator - 4M28

This test checks the adders and accumulator by placing dif-
ferent combinations in the accumulator and tests each column
for a possible error. This test will show which column is in
crrdr. This test includes instructions and cards to place a
program on tape. There are five phases of the test. Each is
performed by an ARS, and LBT to test each column in the
accumulator. The first phase of the test clears the accumulator
and tests for 0's. 1's are placed in the accumulator; CAL 0's
and test for 0's. In the second phase 1's are put in the accumu-
lator and it is tested for 1's. Then CAL 1's over 0's; and test
Acc for 1's. In the third phase clear the accumulator and
complement; test for 1's; CAL 1's over 0's; complement Acc;
recomplement Acc and test for 1's. In the fourth phase clear the
accumulator; CAL 1's and add 1; test for 0's; test Q for a 1 and
test of overflow. In the last phase put 1's in accumulator; ACL
1's and test for 1's. Then the test puts 1's in accumulator;

ACL 0 and tests for 1's.

The first card is non-iterative and self loading; this tests the
instructions used in the program, and also with sense switch 5
up it tests the HTR instruction. If sense switch 5 is down, the
program continues. The test tries to use a minimum number of
instructions in performing the program. These instructions are
ARS, LBT, TRA, HPR, LDQ, LGL, PSE, and MSE., The
instructions tested are CLA, ACL, ADD, and COM.

There are no print-outs in this test and the sense switch con-
trols are modified for this.

Switch 1 Up Proceed to test next column,

Switch 1 Down Go to error routine,

Switch 2 Up Stop on error.

Switch 2 Down Bypass error stop.

Switch 3 No effect.

Switch 4 No effect.

Switch 5 Up Stop in first card read to test HTR.
Switch 5 Down Allows program to be read in.

Switch 6 Up Bring in the next program after the com-

pletion of one pass.
Switch 6 Down Repeat test indefinitely.
If the error routine is selected, reference is again made to
switch 2 as follows:
Switch 2 Up Repeat entire subtest up to the column which
failed.
Go to a tight loop of the failing instructions
for scoping purposes.

Switch 2 Down

Sense lights are used to indicate the phase of the test being
tested.
1 on phase 1A of program being run.
2 on phase 2A of program being run.
3 on phase 3A of program being run.
2 and 3 on phase 4 of program being run.
4 on phase 5A of program being run.
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704.36.02 FORTRAN

This is a short description of the operation of FORTRAN.
Fortran Tape has Three Files

The first record on the first file is a special tape-loading
program. This is stored in core storage positions 0-27. To
start FORTRAN, either load the call card, or rewind tape 1
and press the load tape key. If the input is on-line, it follows
the call card or is ready in the reader if 'load tape" is used.
The second record on the first file of the FORTRAN tape is a
version of CTH. If the card reader is empty, this is skipped.
Now the FORTRAN tape is skipped to the beginning of the
second file. Each record on the tape is a program, or part of
a program, which will be executed sequentially. Sometimes
these records are copied to the drum and used over again.

The first section of FORTRAN reads tape 2, using programs
copied from tape and drum (4 drums 1, 2, 3, 4). During this
section tape 3 is written. Also, tables of information are writ-
ten on drums and tape 4. At the end of this section, tables from
the drums and tape 4 are written as additional files on tape 2.
The second section processes table information from the drums
and tape 2 (additional files) and writes a new tape 4; it also
writes the tables on drums. The third section merges the tapes

3 and 4 using another file on tape 2 intermediately, and finally
prepares a tape 3. The fourth section examines this tape 3 and
writes tables on drums and in core storage. The fifth section
writes a tape 4, and tables on drums, then uses the tables from
section 4 and tape 4 to write a new tape 3. The last section
takes the tables from the additional files on tape 2 and writes
them on the drums, then, using these tables, writes the first
part of the cutput storage map ac 2 new second file on tape 2,

Then the first pass of a special assembly program is made
over tape 3; following this a library search is made. The
library is the third fileé on the FORTRAN tape. When this is
finished, the FORTRAN tape rewinds, spaces over the first two
records on the first file, and makes the second pass of the as-
sembly. The binary output from this assembly is written on
tape 4. More of the storage map is written on tape 2. If sense
switch 1 is up, tape 4 is punched on-line; if not, no punching
takes place. If sense switch 2 is down, a third file is written
on tape 2. (This is obtained by translating tape 3.) This is the
symbolic version of the "Object” program. If sense switch 3 is
down, tape 2 is rewound and printed on-ine. Finally all tapes
1, 2, 3, 4) are rewound and the load key sequence is executed.
If the programmer has made errors which the FORTRAN diag-
nostic can catch, these errors are printed on-line and at the end
of section 1. The words "End of Diagnostic" are printed, tapes
are rewound, and the 704 stops at 17777.
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704.40.00 SERVICE TECHNIQUES ON THE 704 CPU

704.41.00 TROUBLE SHOOTING CHART

This chart was developed to provide procedures that can be followed when a 704 suf-
fers complete breakdown (defined as inability to load programs by non-iterative tech-
niques). If a diagnostic program can be entered into the 704, it is felt that the program
is the best trouble shooting guide available. Therefore, this procedure only covers the
techniques used when not able to load any diagnostic.

Three types of failure can produce inability to load programs. These are: (1) failure
to execute instructions due to basic main frame troubles; (2) failure to transfer correct
information caused by input-output circuit failures; (3) failure to retain correct informa-
tion due to storage troubles. The customer engineer should be alert to the possibility
of troubles caused either by insufficient action or by extra action. Time can usually be
saved by observation of the general status and operation of the machine before trying
detailed trouble shooting techniques.

These techniques were developed with the idea of trying to show up the intermittent
troubles. Special little loops and tests were included for this purpose. They have also
been designed to correspond to the diagnostic program for the machine, so the technique
and diagnostic can be used together in most cases. These techniques are performed with
the machine diagnostic as the program that is loaded and run.

These are not in final form so revisions will be made when necessary. Symbols used
have the following meanings.

Test Possible . Area
Operation of Machine
Trouble
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704.41.01 CPU

704 complete break
down. Inability to

load a program.

Check Core Stg from)

CE test panel.

Y

Check the following:

Voltages & clock,

manual storing, load
button proc, End Op
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No end operate

on |/O proced-

on 1/O Inst.
v v v \ \
Core Clock & basic Storing
Procedure pulse troubles. Troubles Load troubles
737.41. 00 Fig. 41-1 Fig. 41-2 Fig. 41-3 ure .

FIGURE 41-0. CPU TROUBLE SHOOTING CHART



Yes

Does Core Storage
operate correctly
from CE test panel |

A
Does enter

MQ work

Yes

correctly?

Q\,

Is the clock]

No

Funning?

(8.04)

N

Yes

Check for the following:
Oper Panel MQ read

in (2.08.15
A6 (D4) (2.08.15
Op Panel — SR
SR—>»MQ (2.08.26

A
Check for prop~

er sync & clamp
pulses.

40-4

Make sure when No
testing that all
posiiions are ‘Ucing
tested. Observe
that all neons are
stepping .
Y
See next page Refer to cor
»|for further tests. procedure .
lAre there
JEven&odd|  Yes
Fing pulses?) ‘
‘\ Tweak on the
No N clock first step
trigger 8.04
MF1-J14-8
\
Does clock
Check cloc Yes |[run?
Reset ckts.
(8.04)
v No
N Are there
©_lclockdrive

4

Investigate developd
ment of clock drive
pulse line.

(8.04)

line pulses?

Trouble is between
clock drive line &
even-odd drive pulse]

line. (8.04)

FIGURE 41-1.

NOTE:

Determine which step
is failing by tweaking
15t step Tgr & scoping

outputs .

To aid in locating trouble areas

connecting cables may be dis-
connected from MF one at a time

to determine if an 1/0 device is

causing trouble not readily apparent.

NOTE:

In the event of troubles impossible

to analyze check for proper voltages
and blown fuses that failed to indicate.

CLOCK AND BASIC PULSE TROUBLES
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Do not reset
cores to zero.

No

i

(1) Clear storage
(2) Place bits in MQ
(3) Store MQ at some

location cther

than 0000
(4) Display location
just stored

4
Is the cor-
ect info

If a simple loop such
as CLA-TRA works

Test zeros from
core CE test
anel.

Kisplayed?

N

" |correctly refer to the

load procedure chart.

se enter instruc
tion button to
ICLA location

stored.

4
Is correct
result No

Use CLA with con-

tinuous mem read-in

btained?

Check displa
storage ::l?rs. 4

(4.18)

~7"|to scope transfer of
info between core

Land ME

The correct
word stored at
improper address

Y

Use continuous mem-
ory read-in on a Store

oper. Scope Adr Reg &

Stg Address Reg ckts.

Decoding 3.10
Setting of Adr
Reg 3.42

MG —»58 2.08.27

Check the following:
Yes |the Enter Inst

¥

Nothing stored
at the proper
laddress.

Y

Watch neon for

button to gate
Op Pnl keys to

ix.

Is master
top Tgr

Yes

Y

Is master |
time de-

Scope the flow
of information
from the Op Pnl
keys to the Stg
Reg to the Inst
Reg.
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veloped?

Check to see thaf]
ho other master

bime is developed
along with | time

8.05.03

iCheck cycle
timer Tgr & |
time Tgr 8.05.03

FIGURE 41-2. STORING TROUBLES

turned off?
TN

No

Y

Investigate
Ekt on,

4.05.01
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No Does CPU fail to end Yes
operation on a Select or]
Copy instruction or does
in?
Are both Copy skip? Refer to trouble
class and Yes ~ J procedure fgr a
uni} selec— N——— seiected i/0O
tions set? device.
No -
lAre two Copy
TR instruction de-[ Yes
Did Relay veloped after
Yes |54 Pick? Mo the load button v
is released? Check E9 —»CT2 Did the cor-
(4.19) to reset Inst Counter| Yes |rect infor-
. to zero for a trans- [* mation copy
fer to 0000. into 0000 &
(3.20.02) ‘—_ 00012
\'
No
oth class & Check to see Check to see
»[unit selectors »that Riy 10, 11 »| that R3 & R55
lare not set. or 12 picked. pick. (4.19)
(4.19)
o \
Check Tgr. Check for plus Check Oper. Do not reset Cores
MF4 A-19-02 —»| on ready. »|Panel Keys -SR] to zeros.
4.19) (4.19) (4.19 & 4.01) Test zeros from CE
test panel .
Just unit se- Were correct
—— |lector is not Yes |words stored at
set. loc other than
0000 & 00017
A \
Check Tgr. Check reset & Failed to Com/.
MF4 A-19-03 stepping of In- Referdfo trcf)u e
: rocedure for
(4.19) struction 70 device
counter. being used.

FIGURE 41-3. LOAD BUTTON TROUBLES
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704.41.02 Load Operation Trouble Approach

Try loading from cards, tape and drum. This is used to
indicate troubles in the I/O units. It is possible to check the unit
selection in this manner.

Observe panel, cycle timer and storage address regisier neons

on reset and clear operations. The neons may indicate the
trouble area.

Load into 00000 and 00001 and then display these positions.
This will check if we are loading correct information at the right
address from the operator's panel.

Isolate the main frame by pulling out the cable shoes. This
can point out some troubles caused by I/0 circuit failures.

June 24, 1958

Check operation of the instruction counter. This is done from
the test panel on the core storage frame. The "test on" switch
causes the instruction counter to be stepped, by A3 pulses as
long as there is no check stop.

Try keyboard operations to try and separate or locate
iroubies. Some of these are:

1. Complementing after reset to give all ones, and then recom-
plementing.

2. STO and STQ operations to check information flow to storage.

3. Use simple instructions such as TZE and TNZ and check
data flow.

4. Set up a transfer loop from the low to high end of storage and
then transfer back.

5. Enter short test routines from the keyboard.

Make sure the storage register, adders and accumulator are
not giving the trouble. These are used in almost all operations.
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704.42.00 TROUBLE CHART-Oscilloscope

Trouble Location Tube Tube Parts Components
Designation Type
Flickering Trace Rear of scope Clean contacts
on relay
Flickering and shift Ext. Sweep Amp. V115 V606 2-6 BQ7
in trace Vert. Amp. V570 V580 2-12BYT7
No trace No Hi volt- Vert. Amp. V606 6BQ7
age Sweep Gen. V55 6BQ7
High Voltage - no Sweep Amp. V240, V246 2-6BQ7
trace Vert. Amp. V606 6BQ7
Vertical sweep on}y Sweep Gen. V40 6BQ7
Squarewave Def J L[ 1 | calibrator V6170 6U8 6672 & C673
330 mmf
Sweep to left or right Sweep Amp. V272 V265 6BQT7
Sweep not stable vag2
Sweep in up position 12BY7 400K 1% rest.
R259 or R260
Sweep not stable +225 Power Sup. V748 V784 6080
No sweep on 100 Sweep Gen. V40 6BQ7
microsec.
Trace off screen Vert. Amp. V558 V535 6BQ7
Moving trace Sweep Trigg. V8 6BQ7
Trace on top - no Vert. Amp. R570 or 580
vert. adj. 3K res.
Sweep squeezing in Output Amp. V570 V580 12BY7
up & down position
Trace up - no adj. Vert. Amp. V508 or 509 6BQ7
Trace down - no adj, Vert. Amp. V508 or 509 6BQ7
Trace to the left Sweep Amp. V240 6BQ7
Trace to the right Sweep Gen. Voo 6CL6

1 and 2 neon on

40-8
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Trouble Location Tube Tube Parts Components
Designation Type
Poor triggering V20 6U8
v8 6BQ7
No sweep pulling V80 Sweep Gen. V80 LALS
NE 96 will not go on
Voltage pin 6-V-90 Sweep Gen. V90 6CL6 *C-96 82 mmf
+10 volts more or less*
Shortsweep left side Sweep Amp. R286 -30K
only [T Special rest.
Shortsweep right Sweep Amp. R278 -25K
side only 1 | 1 Special rest.
Def. sweep | H H Output Amp, V606 (short) 6BQT7
Def. sweep |_| |_| I_I Driver V508-V509 *Cathode ray
- = Noisy tube
Loss in sweep CRT Circuit V810
length & amp.
Scope cuts out poor L.V. power sup. Thermal cut- TK701
ventilation - clean out 128° F
screen
Sweep Top — CRT Circuit Geom. adj.
Sweep Bottom < | CRT Circuit
No squarewave Calibrator V670 608
Short sweep left - Calibrator V246 6BQ7
no hor. adj.
Sweep no adj. to the L.V. power sup. V742 6AU6
right
Sweep no adj. to the L.V. power sup. V782 6AU6
left
No sweep * L.V. power sup. V748 short *R756, R780
one side 3-10WR
D.C. shift Driver V508 V509
(match)
Sweep free running Internal Tgr. Amp. | V527 6U8
no adj.
500 volts to high no L. V. power sup. RY78 720K
adj. 1% R

June 24, 1958
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Trouble Location Tube Tube Parts Components
Designation Type
500 volts to low no L.V. power sup. R787 R788
adj. 1.84M, 780K
1% R
Amplitude Cal. Qutput C.F.'s V3503 12 at 7
balance
Vertical adj. BA Input C.F.'s V4053 2-6AK5
V3053
Section A Input Amp. V3083 2-12 AU6
Bal.
Section B Input Amp. V4083 2-12 AU6
Bal.

500V, 350-V are dangerous. 10,000~V accelerating potentials. Check power supply voltages, 500-V, 350-V,
225-V, 100-V, -150 volts adjust controls all four positive voltages. Voltage check on ceramic~terminal right

rear deck.
TRIGGERING
#1. Triggering - mode A.C. Slow
Trigger - slope + Int.
Triggering - level (¢]

Stability

Square wave calibrator
Amplitude

Triggering level center adj.
Trigger sensitivity

Adj. until display of square wave

Time/cm - 100 mic. sec.

1cm

Adj. until sweep will trigger

Adj. for stable sweep, Sweep should trigger
equally well on + and - and + ext.

#2. Triggering - mode D.C.
Trigger - slope + int.
Int. D.C. level Adj. until stable square wave appears
Sweep will not trigger on + and - and + ext . Repeat step #1
Sweep will not trigger on + ext . Repeat step #2
Check or replace Tubes V8, V20, V527
40-10 June 24, 1958




Trouble

Tube Designation

Tube Type

Components

X1 Normal

X2 Short

X5 Very Short

Chopped Sweep 53c Unit

Chopped Sweep is over compensated
No adjustment can be obtained using
trimmers C3613 and C3653. Adjust
trimmers C3583 and C4583.
Trimmers interact

Also check tubes

No Horizontal Positioning

Control acts like a magnifier, one
side of tube weak

Time CM Switch

Sweep squeezing on left side when
scope time/CM switch is set on 10
microsec.

HV Supply

High voltage drops as scope heats up
Tubes go out

Leaky capacitor

Calibrator switch

Calibrator settings

10V premaplifier 5 volts

10V preamplifier 10 volts

If out of calibration

resistors have changes their value

V-265 - V272
Not Matched

2-V3553, 2-V4563
V272

V824, V823
V822, v8z1

2-6 BQT

4-12AUG
1-6BQ7

readjust variable
C-240
3-12 mmf trimmer

C830 - 0068mf
3000 volts

R686-1 025K 1%
R685-2 1K 1%
R684-6 375K 1%

June 24, 1958
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704.50.00 704 CPU SERVICE AIDS

704.51.00 SERVICE AIDS

In this section a collection of reference material is listed.

Anything that might aid the customer engineer to fix or avert
troubles was included. A method to calibrate the scope is

also included.

Also included, without relation to any order, is a list of
704 troubles with a specific fix. These are not guides but an

aid for a specific problem.

June 24, 1958



704.52.00 TEST POINT CHART

1| Master Times - 8.05.04

5] Instruction Register - 3.02-04

June 24, 1958

| Time MF1 - A18 - 4 Sign Plus ME3 - D16 -2
E Time MF1 -EI8 -2 Sign Minus MF3 - D16 -6
ER Time MF1 - BI8 -6 Not 1 ME3 - Gi6 -6
2} Master Clock Pulses - 8.04 . 01-03 ! MF3 - Gl1g -1
A0 MF1 - P13 -1 Not 2 MF3 - D17 -6
MF2 - P02 -7 2 MF3 - D17 -2
MF3 - M33 -3 Not 3 MF3 - G17 -6
MF4 - A18 - 4 3 MF3 - G17 -1
Al MF1 - M13 -1 Not 4 MF3 - D18 - 6
MF2 - BO3 -2 4 MF3 -DI18 -2
MF3 - K18 -1 Not 5 MF3 - Gli8 -6
A2 MF1 - P12 -1 5 MF3 -Gl18 -2
MF2 - Q01 -8 Not 6 MF3 - E23 -6
MF3 - B02 -2 6 MF3 - E23 -3
A3 MF1 - M12 -1 Not 7 MF3 - F23 -7
MF3 - C32 -3 7 MF3 - F23 -3
A4 MF1 - P11 -1 Not 8 MF3 - E24 -6
MF3 - B04 -2 8 MF3 - E24 -3
MF4 - D25 - 3 Not 9 MF3 -C24 -4
A5 MF1 - MI11 -1 9 MF3 - F24 -3
MF4 - G27 - 8 6| Shift Counter - 3.06
Ab MF1 - M19 - 1 10 MF3 - D25 -3
MF3 -B32 -5 3] MF3 - F25 -7
A7 MF1 - P19 -1 12 MF3 - H25 - 6
MF2 - Q01 - 4 13 MF3 - E26 -4
MF3 - B02 -6 14 MF3 - F26 -3
MF4 - Ei18 -3 15 MF3 - £27 -2
A8 MF1 -MI8 -1 16 MF3 - F27 -2
MF3 - K18 - 2 17 MF3 - G28 - 1
A9 MF1 - P18 -1 7] Address Lines - 3.42
MF4 - B17 -6 b ME3 - Q29 -8
AlQ MF1 - K17 -3 6 MF3 - M25 -3
MF3 - L19 -7 7 MF3 - P25 -3
MF4 - E17 -3 8 MF3 - R25 -3
All MFT - P16 -2 9 MF3 - M26 -3
MF4 - G17 -4 10 MF3 - P26 -3
3 | Primary Operation ~ 3.10 1 MF3 - R26 -1
00 MF3 - AI? -8 12 MF3 - M27 - 3
02 MF3 - BI9 -5 13 MF3 - P27 -3
04 MF3 -E19 -7 14 MF3 - R27 -1
MF3 - B19 -6 15 MF3 - M28 - 3
10 MF3-C19 -7 16 MF3 - P28 -3
12 MF3 - D19 -5 17 MF3 - R28 -1
14 MF3 -F1? -6 8] Instruction Counter - 3.21
S MES -9 -8 > M -T27 -6
20 MF3 - HI19-5 6 MF3 -R24 -5
22 MF3 - D19 - 7 7 ME3 - IN24 - 4
24 MF3 - G19-7 2} MF3 - N24 - |
26 MF3 - A20 - 8 9 MF3 - K24 -7
30 MF3 - B20 -5 10 MF3 - K24 -3
32 MF3 -E19 -8 n MF3 - R23 -5
34 MF3 -820 -6 12 ME3 - N23 - 4
36 MF3 -D20 -7 13 MF3 - N23 -1
40 MF3 - E20 -7 14 MF3 - K23 -7
42 ME3 - G20 - 7 15 MF3 - K23 -3
44 MF3 -D20 - 5 16 MF3 - Q22 - 1
46 MF3 - F20 - 6 17 MF3 - P22 -3
50 MF3 - F20 -5 9 | Pulse Generator - 1.05.02-03
52 MF3 -C20 - 7 Turn off read and read bics gate. MF3 -~ H32 - |
54 MF3 - D20 -5 Turn on read gate. MF3 - £32 -2
56 MF3 - A2]1 -8 Turn on inbhibit and write gate. MF3 - H3T -1
60, MF3 - B21 -5 Read in sample. MF3 - E31 -2
62 MF3 - B21 -6 Read out sample . MF3 - 132 -4
64 MF3 - C21 -7 Turn off inhibit gate. MF3 - R33 -6
66 MF3 - F21 -6 Turn off write gate. MF3 - J33 -4
70 MF3 - E20 - 8 | Reset SAR and buffer reg. MF3 - A33 -4
72 MF3 - F21 -5 SAR read in and turn on read bias gate. MF3 - H33 - 6
74 MF3 - H21 -5 10 | Special Timed Pulses - 2.09
76 MF3 - G21-7 Step/Shfft, shift Ctrl Ctr. MFT - E19 -6
4 | Secondary Operation - 3.11 lg to CT) MFY - A13 -7
00 MF3 - D22 - 5 Eg to CTp MF} - B09 -1
01 MF3 - D22 -7 Minus on g to CT) MF1 -FI0 -6
02 MF3 - A22 -8 XR to adders MF4 - G33 - 4
03 MF3 - E22 -7 Stg Reg (24-35) to adder (6-17). MF4 - DOT -5
04 MF3 -B22 -5 Adders to Acc Ctrl MF1 - F32 -7
05 MF3 - F22 -6 Comp Acc to adders MF1 - G29 -7
06 MF3 - B22 -6 True Acc (9-35) to adder. MF3 - C35 - 4
07 MF3 - €22 -8 SR (9-35) to adder . MFT-H35 -6
10 MF3-C22 -7 11 | Sync and Clamp - 8.06.02-03
11 ME3 - F22 -5 Oscillator MF2 - K39 -1
12 MF3 - G22-7 Sync Gen and clamp MF2 - 140 -2
i3 MF3 - H22 - 5 Invert Sync MFZ - R40 - 6
Invert clamp MF2 - R39 -1
Clock drive. MF2 - R39 -6
FIGURE 52-1. 704 CPU TEST POINTS



704.53.00 CENTRAL PROCESSING LOCATION CHARTS

CENTRAL PROCESSING UN

T 1 LOCATION CHART

| SR to Adders —] 2.08.05
a|2| Carry to Adder (35) CLABAND 2 MQ Reg Hold Cks 2.04.07
e 2.08.08 Ctrl 20829 8
N 1 Stg Bus (18-35)
3§ Acc Hold Ckts 2.03.06 Bito SR (18-35) SR Hold Ckts 2.01.05 & 04
& 2.08.01 |
QG| Ace tasto bus 2.08.25 |MQ Reg to Stg Bus | 2.08.27 gs,g Bus to :sn 2.08.01 OP Pnl. Key to SR |2.08.26
o|Add (Q-8)to Acc [2.08.09 Adder (9-36) 1o Acc:[ 2.08.09 || ] Shift MQ Lef 2.08.17
83 Adder to Acc Crrl —+——— 2108.23 8 Stg Bus to| SR —— 2 08.01
IS Adr{Sw to Storage Bus  2.08.28 [ORS 207. [FP ADD/ | Adder {(9-35) to < (1) 1o MQ{35)
=8 .23 ORA |SUB Acc— [2.08.09 | 8 2.08.20 SR (§-35) to MQ 2.08.15
2.07.25 [2.07.10
{(Fto Acc (5) True Acc t— Adders 2.08.06 ) on A5 I Adder (1-8) to
3% 2.08.13 V) g MQ (1-8) Shift MQ Right 2.08.16
2.07.34 2.09 2.08.46
Comp Acc Adder 2.08.07 _ 2.08.21 2.08.22 2108.22 [End Op
2 B Late A6 ER Time £R Time || | /O to MQ Reg 2.08.31
& (D4) 2.09 2.09 2.09 ° | | N~
Divide Cfl————2.,07.08 [-) to ACC (5) 2.08.14 [Sense ond COM le—— Step Shift Cr ———~ OV Tgr Op Pnl Key to SR
= é Sense RND 312 & 3.2 | 2.08.34 2.08.40 2.08.26
3.12 & Adder (1) Corry 7.08.39 Hit. Crel =[3.10.
- | T)~—Tar § 2.10.02 o End Of 2.08.31 SR F-357 [End. Sp
Sk MPY  CHl 2.07.27  |Rotate MQ I ERO (D4]to Adder (2,08 516)
| 2.04.07 | 2.09 |2.08.05
oS Cond Transfer Cirl LRS LLs F.P. ADD/SUB 2.07.10 <AND to Acc /Stg Inst G [Tr (~) E5/E11{(-) to SR (S) 2.08.30 [Tr on Low
&3 2.07.02 2.07.18 | 2.07.17 ] 2.07.24p,10 Gen| CH 1) HitCrl | MQ Cirl
| | I'2 3.20. 2.9 10, 7.26
<] 2.07.04] <~—2.07.04— 2.07.05 (1) to ACC (35) MQOyTg] MQOv [EO (D4) MQ (Tpr () to .'%‘(B)z }
Q8 2.07.11 | 2.08.12 |on2.0B.41 Tgr off 2.09 b 08.12
> Acc/SUB , Clear & ADD/SUB 2.07.05 FP_ MPY] 2.07.11 & o MQ (35) 2.p8.24 2.08.42 el
Store FP MPY o |
2 g crl FP| Divide Cwl 2.07.12 3 Cal (9) ——— Carry| & Overflow Tgrs 2.06.02
&|2.07.13 |2.07.11 | i
FAD|/FSB [2.03.05 2.03.05 CLA/Csb [STO/STP [#Q—sig |
ol X Ace (8) FP ADRD/SUB Ctrls 2.07.10 .07.05 Bus Cycle Timer| Ctrl Tgr |~—-——8.05.03
N gl 2l07.10 Hold LM5.12 |2.07.13 #2.08.27
N Sign (5) Mixing CkH ———F———2.11.01 Overflow Tgr Cycle TimedJER Time Ckis 8.05.03  [Cond Tr |_
b= Zero Sh 3 l l %
cr_3.07 2.06.01 o 2.07.03 |3
o) 1 MPY/DIV] Cycle |Timer E Time Ckt| 8.05.03 ;
S8 Sign (S) Mixing Ckts 2.11.01 Acc to Adde | Ace to F
> ) | 2 6 Add 2.08.0% Q
P ,J T " %&‘“r_yae Timer T Time Ckis Fo—w W g
]S Ulse and | Gate G 2.09 2 Carry |Addr 2.08 *]
| | | 2.06.01 .07 =
N ] | | | z
P Pulse & Gate G 2.09 S Clock Qutput | MA 6 and|7 8.04 z
> | ] ] b =
2 [ Q Corry and o 2
28 Pulse and Gate Generator ——| 2.09 Overflow Tgr 2.06.01 g Clock Outpuff MA 8 and 9 8.04 |5
— | | | Clock Output  MAIO 8104 PXD | PDX  |Load 3
NI Pulse and Gate G 2.09 g TIX. XR I
| 2.07.39 2.08.09 [2.07.29 {2.07.28 |
| ° Clock  Stages  AlDond 11 3
© § Pulse and Gate G 2,09 3 c
- Clock Output MA 11 8l04
2.07.27 2107.27 5.05.06 8.05.0
ol § Compore Acc to Stg ca |8 Clock Stages A1, 3,|5, 7, 9 8.04
s <—Llet Sense inputs 5.05.06 | Control ~ |
§.05.01 8.05.01 8.05.01 8.05.02 - 1
= g Cycle Timer Gate | Generator ) Clock Semls A0, 2,4,6,8 8.4
lg —CTy 5.05.06 | 8.03 8.03 8.03 | 8.05.02 | 8.05.02| 8.03 1
o 3 Test Sense| Cycle Timer| Mixing Ckts 209 ||§ Clock Outputs MA 0 and 1 8.4
Tl 2.0 [ 2.09 | ~ |
CTlock X0 PAX |
o 8.04 Clock ———— 804 8 Clock Outputs MA 2 and 3 8104
& 1 2.07.57 [2.07.29 B3 |
o Pulse ond Gate Pulse and Gate - [ T
=i ¢ | I Clock Outputs MA 4and 5 8.04
> Generotor 2.09 Generator 2.09 ~ |
~ AND 1o Stg Cwl Cycle Shift Acc Left 2.08.10
o2 1 2.07.24 Timer  |Pulse and| Gate Generator —2.09—» || ¥ ‘ 35 sh
8.05.01 > 1 Ctr2.08.33
i [Clear MQ
ol MQ Reod In and Reset Ckts 5.10(end 2.09 ’g Shift Acc Right z.loa.n 2.08.11
> .08.18
Clloek Polse [Power and Mixing 5.08.02and 5.08.00 |1 tnd Op I OA—5.08 |
ol 9 = 5.06 Adv inst Counter +3.20
R o
Clock Pulse Ckts Test|Sense
~ g {5-08.04 I In puts 5.05.06 2 Read/Write Exec Timer 5.02 Clear MG——12.08.18
O o
o 08 . 01 — | +——2.09 ————12.09 —»] 3.20 \><’,_,"—
|5 Clock Pulse Ckhs L —1 | R
«|  Intlk Test, Skip One Clear FP. Tally Ctr
ol & | -—15.03.02 }—» g FP ADD/SUB +——2.07!10 MQ  FP Tally Ctr 2.10.01
° & Two 5.03.01 Cpy Exec Timer 5.03.03 Enter Execite 2.08.18 2,08.47
| TRA Crel TRA Ctrl Y CAS/TLQ
«|= Copy Execution Timer 5.03.03 || QR2.07.02 | Copy Proceed 5{03.04 | 2.07.02 [Proceed |2.07.26
> S | Cpy5.03.035.03.04
- § #| MPY Exec Cirls 2
2.07.11 FP Divide Exection Ctrls 2.07.12 ~ Card _Control _Ring 5.11.02
o] Tard Copy | 1 |
~ ﬁ Proceed 5.11.06 Cord Copy, Proceed ar'td MQ Conl'vol ’5.11.06 % Read - Write IDi: ’ Gate 5.11.03
|
5.11.05 | | | ~ ] |
-3 Cards Card Contro! CB Counter 5.11.04 || 3| Card Controlf CB Counter 5.11.04
® Mixing ! | ] = ! H
< P (%) a w w (G} T - x - b3 Y4 o ] -
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CENTRAL PROCESSING UNIT 3 LOCATION CHART

: T '
3|8 True Acc to Adder 2.08.06 T I — B
o E |
= § s'T...» Control| in Storage x.o;.os | — I
82 Pulse Gen Il 1.05.03 S| Tum off Inhibit and We Gate 1.05.03
| ] |
! [ T
o8 Turn on Read Gate & Turn off Read & Rd Bias Gate ——1.05.02 2| Reod Out Semple| ———————+1.05.02 <]
e | ! ! | l d | | ]
I I 1 ] [ - | ~_] —
=8 Rl Sample & Turn on Inhibit & Write Gate 1.05.02 = |  Reod Out Sample 1 .rls.oz ]
w | E { v - /
3|3 Rl Sample———— 1.05.02 Drum Adder Gate |3 >< Pulse Gen 11
hid | 7.02.01 0 1.05.03
~ IC 17 ~ Inst Ctr (5) 3.21
|2 Use Time 1.05.01 Input =1 Address Switch Controf 3.40 Adder Reg(5) ———+ 3.42
i | 3.20 hid ] J T
T i
3| IR 17 (-) ERBOY) | Inst Reg (10-17) - 3.06 (-)ERS(01) || > i |
&3] 3.06 SH. Ctr NoHD) 3.05 5 Adr Register (15 - 17) 3.42
3.05 \ 3.07 \ | |
® Tnst Register ) (10-17) 3.06 = | 1
Rz Trap TRA l = Adder Register (12-14) 3.42
3.20.02
o] Inst Reg [Fon Set B5 [ g
Q1] (10-17) |10 ShCir Instruction Register (10-17) ~emmrt 3.06 S| Adr Register (9-11) 3.42
>l 3.0 3.05 | | ° |
5 [ | l |
=3 ‘ w
EAES Instruction Ragister (10-1|7) 3.06 2 Adr Register (6-8) 3.42
| !
gllnst Reg [on et I | -
%12] 169 o shar Instruction Register (6-9) ————— 3.04 8 Instruction Counter (6-10) 3.21
3.04 |3.05 | [ | s | |
Adv Binary Inpur I I I
2|8 1« to Sh Ctr Adv Ic Instruction Register (6-9) — 3.04 & Instruction Counter (11-15) 3.21 =
>13.20 3.05] 3.20 ! - | S
3 | o l Ic Binary Y]
Qe Secondary Operation Decoder 3. S Adr 10 Instruction Counter £3.20.02 | Input (17)  Instruction Counter (16817) |2
o E | I i i ° 3.20 ) Qe
. =
Primary Operation Decoder 3.10 h
=18 Subt — — // ]
> : 3.10.02 -
o | I o
S Primary Operation Decoder 3.10 =] — b4
{2 l 1 : ! T i z
_ ] | | — I Time | SR fo Inst [(-) on Stg =
e Primary Operation Decoder 3.10 S 3.40 Reg PBusto SR | Storage Register to Inst Regs ——3.01 |
> | et 3.01 4.17 .
% | Tnst Reg Shift Counter Reset | 3.05 Unit Selector ?
215 Instruction Register|(4 & 5) 3.03 ) _@ Instruction Register Reset 3.01 5.01.05 2
= | 3.02 |l | | w
| inst Reg || | Unit Selector 3
~ (& Insteuction Register |( 28 3) 3.03 | (5) & Gated AO (D1) 3.40 5.01.05 =
> 3.02 >
|8 ! Register(0&1) 3.03 &3.02 I S AT ]
= } ’,_’_—’_/_J> |
T
018 Unit Select Matrix 5.01.02 &1 Class Decoder 5.01.01 Class Decoder 5.01.0)
> = I =]
I T
=18 Unilt Selector 5.01.05 21 Class SLiector 5.01.03 Class |Selector 5.01.03
O~ o
-l I I o I 1 Glon Tr T
2|5|1/0 selection Intlk +—— 5.01.04 F.P. Entry to Shift Counter—3.08 Z| Trcnl Class Select Trap Closs Selector 5.10.03
cl ©13.10.06 | 5.01.03 13.10.06 |
= Class Selector 5.01.03 - I l [
-5 | 1 Ist Step S EOR/EOF Interlock 5.09.01
l LDA 4.04 > | |
- T I ~ | Drom Rd/ T
—|e Di Synchronizer 5.09.02 R [EOR Intlk 5.09.01 Wr EOR/EOF Ctrl EOR Interlock
hal | & | 7.01 5.09.01 5.09.01
218! Unit sel | 5 . 8 | o
&| Unit Selector .01.05 . Ut‘_" Selector 5.01.05 {| < |Drum Dlscl 7.01  |Drum s.m}r 7.04 //>-<
~ - | Reset Drum Register 7.01
-5 Drum Counter (6-11) 7.02.01 & |Drum Adder Gate  [End Op | LDA[—5.04  [Stretched Index
| 7.02.01 LDA 7.02.02 7.02.02
Drum [Cir Drive || [
© |3 iGated NoCarr Drum Counter 11 & End Carry Gated No Carry 7.02.01 2 |Drum Read/Write Control 7.01 Drum Selector 7.04
4 8
7.02.02 7.02.01 7.02.02
3 1 ° .
~g Drum Counter (1-5) 7.02.01 H Drum Reod/Write Control 7.01
- -
° E Orum Interlace Counter 7.02.02 § Drum Rood/WIite Control —1 7.00
I | - Druin Counter Switching 7.02.01 [Streiched | Tally Crr| End Op
w § F.P. Tally Counter 2.10.01 8 index | 1stStep | LDA
. | [ 1 I 7.02.02 | 2.10.01]7.92.02
_ Tape Group Counter 6.02.03 ~ I [ Intk=6.01
- § A4 (D1) & | Suppress TU Disc 6.02.04 Trap Tra Tape Coding Select 6.01.01
o> 3.10.06
Tape Word] Comi
 |Tape Wor: P | 1
”|2]6.02.03 Topf EOR T?p:AEe‘F ) _/>—<\\
6.02.04 6.02. S ——
a e 6.02.01 TIRCE UZ05  Tope Read THT
{2 (Tape Write Ctrl  6.02.01 Not Copy Tape Copy|| 3 |Start Time Cycle 6.02.02 16 [Tape EOF 6.02.02 6.02.04
[ .02, 6.02.02 1> i 6.02.01 | 6.02.04 Tape EOF/EOR
Tape Proceed 6.02.0 Unit Selector 5.01.05 | Disc Tape 6.02.04
@ 6.01
] i Tape Sync | Tope Function Selector Rd Tape
hs i i ! [ sers.01 > | |6.02.02
< @ 8] a w w (4] b - i3 - = 4 a [¢] o
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CENTRAL PROCESSING UNIT 4 LOCATION CHART

8 g Distributor (35) 5.12.04
8 g
58 & Distributor (34) 5.12.04
x| XR Mixing XR COL 0 —2.12,00 [ 3
3|2 2.12.04 2 Core g Distri (33) 5.12.04
Fromes ~ | }
Disp EFf
3 § Adr Disp Effelc'ivc Adr 4.21 | § Distributor (32) 5.(12,04
4.21 1
Rd/Wr @ I
; \ / . -
2| XR Cont Check ———— 2 Distcibutor @3n 5.12.04
315 e 4.05.03 | —— ~ 1 |
3 g XK to Addery Gating 2.12.05 § Distib (30) 5.12.04
1 f
BB XR Hold, Adders to XR 2.12.02 %l Distributor (29) 5.12.08
—1 + T T
;%’ Adders o XR Goting 2.12.03 gl Disrt @) 512,68
Acc  |MQov | Rd/Wr | Monual | Ready ond Auto Lite  Read/Write || | T
8|Rlov 1t |Lite Check | Control 4.05.04 Sel 4.13 2 Distributor @) 5.12.03
>l 43 403 4.13 4.06 ~ } I
&3 Enter | Timer 47 g oy (26) 5.12.0
Master Stop Ctrl Enter MQ Start - Stop Control Enter | |
o
&2 4.05.08 4.08 4.05.0% MQ f Distributor (25) 5.12.03
S 4.03 | }
Reset 2 Dvh Chk |Reset 1 Reset 1 | Reset 15 (O1) I 1
|8 4.09 2.06.05 | 4.08 4.08 |Chk2 .2 g Distrit (24) 5.12.08
i | Reset 2-4.09 4.09 I %
2 ;5; R.‘m Circuits | 4.08 % Distrit (23) 5.12.03
Master Master Stop On 4.05.02 Check Stop Control i
2|8 stop Carry —1 4.05.03 2 Distributor (22) 5.12.03
>|4.05.03 2.08.50 ~ |
" Theck Stop and Masier Stop Tar Control ——— 105.03 1 I
|8 MQ ov Tgr g Distributor @ 5.12.03
8 2.06.03 | I =
N 1 tart - Stop Control 05.01 | T <
28 Machine Cycley % Distributor (20) 5.12.03 o
~ 4.07 | z
_[ Xk Master Master | Adder to | Master Stop T ] o
R|D| Adder | Stop OFf] Stop Tgr | XR Outputs g Distributor 19) 5.02.8 |
©12.08.49 | 4.05.01 4.05.04 2.08.53 4.05.104 F % 77777 g
]
5 g Siole - Multipla Siop 4.07 g Dl (18) 5.1:2.03 <
+ t S —— 1
3 Storage Display Timer - 4.18 XR Chrl XRCtel (IR Distributor a7 52,8 |4
Rg 23 £
2.07.5% 2.07.56 || I I S
Tood Timer 4.9 XR to 2
o (8 XR to Add Adders § Distributor 18 ERPX B
> 2.08.09 2.08.09 L ! <
Dvh Chk Divide Check i I 2
@ 12| A0 (DY) 2.05.05 |A7 (DV) 2.06.05 8 Distrib 0s) 5.02.08  |w
>| 4.2 4.2 l o | | 3
o - i
~ 13 Op Penel Mixing Circuity ——+——— 42 §| Di :" (14) 50208 ©
» XRC - Col 3, 6, 9, 12 2.12.01 Distrib (13) 5.12.08
f h t ,
el o ! X o |
213 xkcl- Col 2, f 8, 1 2.12.01 ;AI;(;ng g moibmr (12) 5.l12.os
<2 ! T | 2.4 i 1
s XRC - Col 1, 4,7, 10 212.0 /\ g Distributor an 5.12.08
o [ | | XR | |
25 XRB - Col 3, 6, 9, 12 2.12.01 Mixing |8 Distrib (0 5.12.03
2 | 2.12.04 ||¥ | |
o~ Q I. . - I'L I
oS XR Mixing 21204 IR D o ©) 5.]12.03
T 1 1
- g XRIL- Col 2, 5], 8, 1;.12.01 % Distributor @) .|5.12.03
|
o [ [ | XR [ []
=1 H] XRB - Col 1, 4,7, 10 2.12.01 Mixing § Distrib ) 5.12.08
I If I R.12.04 } I
@« @
L3 XRA - Col 3, 6L, 9,12 2l.|2.01 Y g Oi l" ©) 5,||z.co
|
o | ] ] XR ~ [ L
©|S|  XRA - Col2, 5,8, 11 2.12.01 Mixing [|& Distrit ®) 5.12.01
} [ i 2.12.04 ||* } {
~ g XRA - Col 1, 4,7, 10 2.12.01 S Distrit O 5.12.01
bl 1 |
| Index Adder (6) Carry 2.06.04 CD Chl [Hond Key 15.11.01 | Adder to |[— | |
© |=|Control |Cond Tr Index Control XR 2 Distrik ) 5.12.01
>12.08.51 [2.07.02 2.08.51 2.08.53 | }
— | = f
~® c«i Machi 'Selec!w 5.0}.06 z Di I" 2 s.lw.m
2 Pr Sense Outputs' (1-2) Pnch Cord Machine Disconnect 5.01.06 = ] I
*[3| Oupan1-2) 5.05.05 z Distib [} 5.12.00
o | | 1 = | |
o2 e Sense Outputs (3-10 5.05.05 ES Distributor (s) 5.12.01
! | |
on Sense Skip Control| Op Panel || ) I
~ |3 Op Panel Sense Outputs 5.05.03 5.05.04 Sense || Cord Chrl Rd/Wr  Driver 5.11.06
> | | 1 5.05.08 || | | |
SR— Adders 2.08.48 XRCHIZ0851 [ I
-2 | Ind Reg to Adders | Adr to XR = Card Crl Pulse Gen 5.11.01
8| XRCHl & Carry  2.08.50 2.08.49 2.08.53 & | |
< @ (9] [=] w 'S [V] x x -l 3
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704.54.00 1/O SHOE CONNECTOR CHART

STORAGE BUS TAPE BUS DRUM
MF Edge| Shoe PR1 PR2 MF Edge MF  CF  CFI Panel Shoe Edge Shoe Edge

1/0 Bus Conn Conn| Cale Exit Calc Entry Conn  Shoe  Shoe Conn SYS Conn Conn SYS Conn Conn  SYS

Col (S} | 2-03e 1Lt] 4-03¢ | 5.12.01] 4-03b 12.01 | 2-03h 69 67 J08-4 1.03.01 MF=TS (19) | MF4-03K | 70.04.05| MF-DF () | 01-a {7.03
" " 130 Rt| 4-03f " 4-03c g 82.05.01

Col (1) | 2-04e 9 Lt| 4-04g " 4-04b " 2-04h 85 83 | J09-4 1.03.01 MF-TS (17) | MF4-04L o MF-DF (5) | 01-b | "
" " 138 Rt| 4-04h g 4-04c " 82.05.02

Col (2) | 2-05e 17 Lt| 4-05e " 4-05b " 2-05h | 101 99 J10-4 1.03.01 MF-TS (16) | MF4-05K | 70.04.06] MF-DF (&) | Ol-c | "
" v 146 Rt | 4-05f " 4-05¢ " 82.05.02

Col (3) | 2-06e 25 Lt| 4-06g " 4-06b " 2-06h | 117 | 115 J11-4 1.03.01 MF-TS (14) | MF4-06L " MF-DF(1) | 02-a | "
0 " 154 Rt | 4-08h " 4-06¢ " %2.05.03

Col (4) [ 2-07e 33 Lt| 4-07e " 4-07b " 2-07h | 133 [ 131 J12-4 1.03.01 MF-TS (12) | MF4-07K | 70.04.07| MF-DF (16)] 02-b6 | "
" T 3 Rt | 4-07f m 4-07¢ § £2.05.03

Col (5) | 2-08e | 41 Lt| 4-08g " 4-08b " 2-08h | 149 | 147 | 13-4 1.03.01 MF-TS (10) | MF4-08L B MF-DF (14)[ 02-¢c | "
" T TT Rt | 4-08h m 4-08¢ T 87.05.03

Col (6) | 2-0%9e 49 Lt | 4-09 12.03| 4-0%9b 12.03 | 2-0%h 78 76 | Ji4-4 1.03.01 MF-DF (12)[ 03-a | ™
W T TO Rt | 4-09F g 4-09¢c " 82.05.03

Col (7) | 2-10e 57 Lt| 4-10g o 4-10b " 2-10h 94 92 | 1N5-4 1.03.01 MF-DF (10)| 03-b | "
m " 27 Rt | 4-10h " 4-10c " 82.05.03

Col (8) | 2-1le 65 Lt | 4-1le " 4-11b " 2-11h_[ 110108 J16-4 1.03.01 MF-DF (23)| 03-c | "
" ' BR[| 4-11f . 4-11¢ . 82.05.03

Col (9) | 2-12e 73Lt] 4-12g " 4-12b " 2-12h [ 126 124 J17-4 1.03.01 MF-DF (21)[ 04-a | "
v ' 43Rt | 4-12h " 4-12¢ " 82.05,.03

Col (10) | 2-13e 81 Lt | 4-13e " 4-13b " 2-13h 1142 140 | Ji8-4 1.03.01 MF-DF (19)| 04-b | ©
’ v 51 Rt | 4-13f o 4-13c " 82.05.03

Col (11) [ 2-14e 89 Lt | 4-14g [ 4-14b " 2-14h {119 [113 J19-4 1.03.01 MF-DF (17)] 04-c | ©
" " 59 Rt | 4-14h " 4-14c " CF2 &2.05.03

Col (12) | 2-15e 97 Lt | 4-15e " 4-15b " 2-15h 67 69 | HO8-1 1.03.02 MF-DF (32) | 05-a | "
v v &7 Rt | 4-15¢ B 4-T5¢ " 82.05.03

Col (13) | 2-16e | 105 Lt | 4-16 i 4-16b " 2-16h 83 85 HO9-1 1.03.02 MF-DF (30)| 05-b | ©
™ T 75 Rt | 4-16 " 4-Téc " 82.05.03

Col (14) [ 2-17¢ 113 Lt | 4-17e g 4-17b " 2-17h 99 101 H10-1 1.03.02 MF-DF (28) | 05-c | ©
v i B3Rt | 4-17F B 4-17¢ . 82.05.03

Col (15) | 2-18e [ 1271 Lt | 4-18g " 4-18b i 2-18h | 115 [117 | HII-1 1.03.02 MF-DF (26) [ 06-a | "
" T ST Rt | 4-18h " 4-18¢c " 82.05.03

Col (16) [ 2-19¢ [ 129 Lt | 4-19 " 4-19% " 2-19h  [131 [133 | HI2-] 1.03.02 MF-DF (39) | 06-b | ©
! ! 99 Rt | 4-19f " 4-19¢ " &2.05.03

FIGURE 54-1. 1/O SHOE CONNECTOR CHART
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PR1 PR2 STORAGE BUS TAPE BUS DRUM
MF Edge | Shoe MF Edge MF CF  CF1 Panel Shoe Edge SYS Shoe Edge
1/O Bus | Conn Conn | Cale Exit Calc Entry Conn Shoe  Shoe Conn SYS Conn Conn SYS Conn Conn  SYS
Col (17) | 2-20e 137 Lt} 4-20g | 5.12.03] 4-20b | 5.12.03 | 2-20h | 147 | 149 H13-1 1.03.02 MF-DF (37) | 06-c |7.03
107 Rt { 4-20h " 4-20c¢ " 42.05.03
Col (18) | 2-21e [145 Lt | 4-2le " 4-21b " 2-21h 76 78 H14-1 1.03.02 MF-DF (35) [07-a | "
115 Rt | 4-21f " 4-21c " &2.05.02
Col (19) | 2-22¢ [153 Lt | 4-22¢ " 4-22b " 2-22h 92 92 H15-1 1.03.02 MF-DF (33) [07-b | "
123 Rt | 4-22h " 4-22¢ " 82.05.02
Col (20) | 2-23e 2 Lt | 4-23e " 4-23b " 2-23h | 108 } 110 H16-1 1.03.02 MF-DF {48) |07-c [ ™™
131 Rt | 4-23fF " 4-23¢ " 82.05.02
Col (21) | 2-24e 10 Lt | 4-249 . 4-24b . 2-24h 124 126 H17-1 1.03.02 MF-DF (46) |08-a | "
139 Rt | 4-24h " 4-24c " &2.05.03
Col (22) | 2-25e 18 Lt} 4-25e " 4-25b " 2-25h | 140 | 142 H18-1 1.03.02 MF-DF (44) |08-b |
147 Rt | 4-25¢F " 4-25¢ " 82.05.03
Col (23) | 2-26e 26 Lt | 4-26g " 4-26b " 2-26h | 128 | 122 H19-1 1.03.02 MF-DF(42) [08-c| "
155 Rt | 4-26h " 4-26¢ " 42.05.03
Col (24) | 2-27e 34 Lt | 4-27e " 4-27b " 2-27h 65 71 J08-4 1.03.03 MF-DF (55) | 0%-a
4 Rt | 4-27¢f " 4-27c " &2.05.03
Col (25) | 2-28e 42 Lt | 4-289 " 4-28b " 2-28h 81 87 J09-4 1.03.03 MF-DF (53) T09-b [ "
12 Rt | 4-28h " 4-28¢c " 82.05.03
Col (26) | 2-2%e 50 Lt | 4-29¢ " 4-2% " 2-2%h 97 1103 J10-4 1.03.03 MF-DF (51) J09-c [ "
20 Rt | 4-29f ! 4-29¢ " &2.05.03
Col (27) | 2-30e 58 Lt ] 4-30g " 4-30b " 2-30h 13 § 119 Jii-4 1.03.03 MF-DF (49) [10-a | ™
28 Rt | 4-30h " 4-30c " &2.05.03
Col (28) | 2-3le 66 Lt | 4-3le " 4-31b " 2-31h | 129 | 135 J12-4 1.03.03 MF-DF (64) {10-b | ™
36 Rt | 4-31f " 4-31c " &2.05.03
Col (29) | 2-32e 74 Lt | 4-32g " 4-32b " 2-32h | 144 | 138 J13-4 1.03.03 MF-DF (62) 10-c | "
44 Rt | 4-32h " 4-32c " &2.05.03
Col (30) | 2-33e 82 Lt | 4-33e [ 5.12.04| 4-33b |5.12.04 | 2-33h 74 80 J14-4 1.03.03 ME-T5S (35) | MF4-33K | 70.07.02] MF-DF (60) [11-a | "
52 Rt | 4-33f " 4-33c " 82.05.03
Col (31) | 2-34e 90 Lt | 4-34g " 4-34b " 2-34h 90 96 J15-4 1.03.03 ME-TsS (33) | MF4-34L | 70.07.02] MF-DF (58) [11-b | "
60 Rt | 4-34h " 4-34c " &2.05.03
Col (32) | 2-35e 98 Lt | 4-35¢ " 4-35b " 2-35h | 106 | 112 J16-4 1.03.02 MF-TS (32) | MF4-35K | 70.07.03] MF-DF (71) [11-c | "
68 Rt | 4-35F " 4-35¢ " &2.05.03
Col (33) | 2-36e [106 Lt | 4-36g " 4-36b " 2-36h | 122 | 128 J17-4 1.03.03 MF-TS (30) | MF4-36L | 70.07.04] MF-DF (69) |12-a | "
76 Rt | 4-36h " 4-36c " &2.05.03

1/O SHOE CONNECTOR CHART
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PR 1 PR 2 STORAGE BUS TAPE BUS DRUM
MF Edge |Shoe MF Edge MF CF  CF Panel Shoe Edge Shoe Edge :
1/O Bus | Conn Conn Calc Exit Cale Entry Conn Shoe Shoe  Conn SYS Conn Conn SYS Conn Conn  SYS
Col (34) | 2-37¢ 114 Lt | 4-37e | 5.12.04] 4-37b | 5.12.04| 2-37h | 138 | 144 | Ji8-4 1.03.03 MF-TS (28) | MF4-37k | 70.07.03 | MF-DF (67) | 12-b | 703
84 Rt | 4-37f . 4-37¢ " 82.05.03
Col (35) | 2-38e 122 Lt | 4-38g ! 4-38b " 2-38h 135 129 J19-4 1.03.03 ME-T5 (26) | MF4-381 | 70.07.04 | MF-DF (85 [ 12-c¢ | ©
92 Rt | 4-38h " 4-38c ! &2.05.03
Adr Reg (5 3-Qf 80 74 3.42
AR (6) 3-25g 7 1 1-Ka B
AR (7) 3-25f 16 10 1-Kd "
AR (8) 3-25e 5 3 1-La "
AR (9) 3-26h 14 12 1-Ld !
AR (10) 2-26g 3 5 1-Ma !
AR (11) 3-26f 19 21 1-Md !
AR (12) 3-27g 12 14 1-Na !
AR (13) 3-27f 1 7 1-Nd B
AR (14) 3-27e 17 23 1-Pa !
AR (15) 3-28h 10 16 1-Pd !
AR (16) 3-Ne 23 17 1-Qa "
AR (17) 3-29b 32 26 1-Qd "
Turn off Rd & Rd Bias Gate 3-De 21 19 2-Eb ~1.05.02
Turn off Write Gate 3-33g 26 32 2-4d 1.05.03
Read in Sample 3-31d 28 30 1.05.02
Reset SAR & Buffer Reg 3-He 30 30 1-Jd 1.05.03
Turn off Inhibit Gate | 3-33e 33 39 2-Md 1.05.03
Turn on Inhibit & Wr Gate 3-31b 35 37 2-Ka 1.05.02
SAR R} & Turn on Read Bias Gate Stg 2 3-Ng 37 35 1-Rd 1.05.03
Reset SAR & Buffer Reg Stg 2 | 3-Fh 48 42 1-Jd 1.05.03 ME-TS (48) | 3-Kb 6.01
SAR RI & Turn on Rd Bias Gate 3-34h 51 53 1-Rd 1.05.03 MF-TS (51) | 3-De 6.03.04
RO Sample 3-30h 53 51 2-Mb 1.05.02
Turn on Rd Gate 3-3le 55 49 2-Ga !
R1 Sample Stg 2 3-3Im 71 65 2-Nd "
RO Sample Stg 2 3-Qh 96 90 "
Pr Select 7 4-1b 5.01.06 MF-TS (7) |3-Qd 6.01 IntTk Reset
14 4Fd 5.05.05 ] PrSensefThy Plates
Pr Rd Set 23 4-1c 5.01.06
Pr Sense (1)] 29 4Ja 5.05.05
Pr Wr Sel| " (2)] 30 4-Ld 5.01.06 | 4Jc 5.05.05
" @3) 31 4Fb "
" (4)] 32 4Fc "
Pr Disc T (937 4-Jd | 5.01.06 4Ga . ME-TS (37) | 2-Rb 6.03.03 | Tape Exit
" (6)] 38 4Gb "
" 7)] 39 4-Ka | 5.01.06| 4Gc B 3-Qg 39 46 1-Pb 1.04.05 MF-TS (39) | 3-Cb 6.02.04 | Clock Gate Delay
i 8)] 40 4Gd ! |
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* PRI PR2 STORAGE BUS TAPE BUS DRUM

MF Edge | Shoe MF Edge MF CF CF Panel Shoe Edge Shoe Edge
1/O Bus Conn. Conn| Calc Exit Calc Entry Conn. Shoe  Shoe Conn. SYS Conn. Conn. SYS Conn. Conn, SYS
Pr Sense (9) 45 4-Ha | 5.05.05
"t (10) 46 4-01g | 5.11.01] 4-Hb " 3-Gh 46 44 1-Ab 1.04.05 MF-TS (46) | MF3-Qb
CB Signal 47 4-01f | 5.11.01
Pn/Pr Thy Plate 53 Lt} 4-Qa | 5.12.01 MF-TS (53) | MF3-Nd | 4.01
N 54~Rt] 4-Ra !
R 55Lt] 4-Qe | 5.12.03 MF-TS {55) | MF3-Ga | 4.02.01
R 56 Rt| 4-Re !
CR-EOF 62 3-12g | 5.09.01 2-39% 62 60 2-Ma 4.08 MF-TS (62) [ MF3-Da | 5.02.04
T 63 3-12h B
CR-EOR 69 3-13e T MF-T516%) | MF3-Fd 5.03.04
v 72 3-13f N
Fuse Blow 78 4-26f | 4.05.03 ME-TS (78) | MF3-Dd | 6.02.01 | MF-DF (78)| 3-05g] 7.05
Cr Sel & Pn Sel 101 4-Ma | 5.01.06| 4-Mc | 5.01.06
Cr & Pn Disc 103 4-Kd " 4-Kb !
Cr & Pn Sel 110 4-Mb ! 4-Md " 128 | 4-39qa] 4.10
Cr & Pn Disc 112 4-La B 4-Kc B
Pr Sense Entry 117 4-Ep 5.05.06
Pn Sense 125 4-Hc | 5.05.06
T 126 4-Hd "
Pr Sense 127 4-Jb "

3-Gf 42 48

1.04.05 MF-TS (42) [ MF3-Qc | 6.01

3-Qe 44 46 MEF-T5 (44) TMF3-Lc

3-Mh 49 35

1.06.02 MF-TS (58) TMF3-11b | 6.02.04

4-22m 60 62 MF-TS (60) [ MF3-11c

1-Jb

1-Pb

2-Qa 1.07 MF-T5 (49) TMF3-Ha i
1-21h 58 64 2-Db

2-Nc

1-Ja

1-Fe 64 58 2.07.23 MF-TS (64) [ MF3-Db | 4.07.01

MF-TS (65) [ MF3-Bc 6.02.01

MF-TS (67) [ MF3-Cc | 6.03.01

MF-TS (74) [MF3-Ga | 6.02.02 | MF-DF (74) | 3-06h

MF-TS (76) | MF3-Gc | 6.02.04 | MF-DF (78) | 3-071] 7.03
MF-TS (80) | MF3-Bd | 6.01 MF-DF (80) | 3-05f] 7.01.
MF-T5 (89) | _3-Eb | 5.01.05 | MF-DF (81) | 3-07e] 7.01.01
MF-TS (90) | 3-Ed " MF-DF (83) | 3-0bg] 7.01.
" (91) | 3k v MF-DF (85) | 3-07g] 7.03
" (92) | 3-Fb v MF-DF (87) | 3-06f | 7.03
Unit|sel 3 " (93) | 3-Fa 5 ", (97)] 3-08g] 7.04
" (94) | 3-Fc v T (99) | 309
(95) |__3-Aa T Drom[ (T0T) | 3-10e] ™
(96) | 3-Ab i Sel {(103)] 3-0%¢] "
(97) 3 Ac v 06 | 3-08F| ™
(98) 3-Bb " 108 | 3-10F| ©
(129) 3<Ea_ | 6.02.01 110 | 3-08h| "
Cii2 [ 3-09g] ©
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704.55.00 704 MAIN FRAME NEON LOCATIONS

MF 1

A01-7
A04-2
A06-4
A07-2
A09-5
A09-6
Al10-5
A10-7
Al2-6
Al4-3
Al17-7
Al18-3
A18-7
A22-7

Jo1-3
J01-4
Jo1-5
J01-6
J03-2
J03-3
J03-6
J03-7
J04-2
J04-6
Jo7-3
J14-2
J14-3
J14-5
J14-1
J14-8
J15-2
J15-3
J15-5
J15-7
J15-8
J16-2
J16-3
J20-6
J21-6
J22-3
J23-6
J24-4
J24-6

MF 2

A03-4
A03-3
Jo1-6
J02-5

MF 3.

A03-4
A03-7
A04-3
A04-7
A04-8
A05-2
A05-3
A05-6
A05-7
A06-2
A06-3
A06-4
A06-7
A07-1
A07-3
A07-4
A0Q7-6
A07-7
A08-1
A08-3
A08-5
A08-6
A09-1

after 8 CB

MQ loaded by copy
ER3 (D1)

Al0 (D5)

MQ RI Gate Tgr.
MQ RI Ctrl. Tgr.

NOONM NGO O OG>
-
o

18 to CT1 09
E8 to CT1 09
Clock Drive 04
End Op Tgr. .05.01
A6 (D4) 09
Not used
Q Carry Tgr. 2.06.01
Overflow Tgr. 2.06.01
On Read/Write Time 5.11.04
CB Ctr 5.11.04
CB Ctr 5.11.04
CB Ctr 5.11.04
Read Right 5.11.02
Read Left 5.11.02
Write Right 5.11.02
Write Left 5.11.02
T02 Copy Proceed 5.03,04
T04 On Copy Proceed 5.03.04
RD/WR Execution timer 5.02
Clock A0 8.04
Clock A2 8.04
Clock A4 8.04
Clock A6 8.04
Clock A8 8.04
Clock Al 8.04
Clock A3 8.04
Clock A5 8.04
Clock A7 8.04

. Clock A9 8.04
Clock A10 8.04
Clock All 8.04
I Time 8.05.03
E Time 8.05.03
E/R Time 8.05.03
CT Ter. 8.05.03
9 Overflow Tgr. 2.06.02
9 Carry Tgr. 2.06.02
Acc P Pos. 2.03.02
Tape Redundancy Ctr 6.03.03
Ring Shift Ctr Tgr 6.03.02
Tape Gate Tgr. 6.03.01
Start Sync. Clock 6.02.01
Tape Cpy Proceed 6.02.01
RD/WR End Op On Tape 6. 0%. 03
Tape Word Complete 6.02.03
Minus on Tape Word Complete 6.02.03
Tally Ctr First Step 2.10.01
Tally Ctr Second Step 2.10.01
Tally Ctr Third Step 2.10.01
Tally Ctr Fourth Step 2.10.01
Interlace Ctr 7.02.02
Interlace Ctr 7.02.02
Interlace Ctr 7.02.02
First Word Located 7.02.02
Drum Ctr 1 7.02.01
Drum Ctr 2 7.02.01
Drum Ctr 3 7.02.01
Drum Ctr 4 7.02.01
Drum Ctr 5 7.02.01
Minus on no Gated Carry 7.02.02
Drum Ctr 11 7.02.01
Drum Ctr 9 7.02.01
True end Carry 7.02.01
Drum Ctr 6 7.02.01

AUY-3  Drum Cir 7

A09-4 Drum Ctr 8

All-4 Intlk. Reset Timing

Al12-1 Tape RWD Select

Al2-3 Drum Read Select

Al2-6 Tape Write EOF Select

Al12-8 Tape Read Select

Al4-1 1/0 Select 2

Al4-3 1/0 Select 1

Al4-6 1/0 Select 3

Al4-8 1/O Select 4

J01-2  Tape Write Call

JO01-4  Tape BKSP Call

J01-6  Tape Read Call

J01-7  Tape Select

J02-2  Start Tape Cycle

J02-5 RDN Error

Jo4-2 Tape Disconnect

J04-5 Tape Coding Selector

J04-6  Tape Coding Selector

J05-2 15 MS Delay

J05-3  Minus on SW Delay

J06-4 14 MS Delay

J05-5 Interrogate 9 Carry

J06-6  Index received

J06-7  Index pulse received

J07-6  Drum Copy

J07-7  Delayed Read Gate

J10-2  Write Disc. Cond.

J11-2  EOR Interlock

J11-6  Interlock reset timing

J11-7  EOF Interlock

Ji2-1 CR EOR Initiate

J13-3  CR Read Select

J13-6  Drum Write Select

J13-8  Tape Write Select

J14-1 PR Write Select

J14-3  Tape Read Select

J14-6 PR Read Select

J14-8  Punch Write Select

J25-3  Adr. Line 6

J25-5  Adr. Line 7

J25-7  Adr. Line 8

J26-3 Adr. Line 9

J26-5  Adr. Line 10

J26-7  Adr. Line 11

J27-3  Adr. Line 12

J27-5  Adr. Line 13

J27-7  Adr. Line 14

J28-3  Adr. Line 15

J28-5  Adr. Line 16

J28-7  Adr. Line 17

J29-1  Used for Two Core Frame
Operation

MF 4

A06-3  Adder 6 Carry Tgr.

A19-1 Ty Turnon 1d Ctr Tgr

Al19-3 Load Ctr Tgr

A20-1 Stg Display Ctr Tgr

A21-1 Full & Multi step key tgr.

A22-2  Turn off MST Synchronizer

A22-5 Master Stop Tgr.

A23-8  Start Button Key Tgr.

A27-6 Reset Button Key Tgr.

A28-3 Enter MQ Key Tgr.

A28-7 Op. Panel Tgr.

A29-6 Enter Inst. Key Tgr.

A34-2 Hold Tag Tgr.

J01-7  CB Signal Set Key Tgr.

DISTRIBUTOR

MF 4

J03 to J38, 01

J03 to J38, 08 Read Right Key Tgr.

Read left Key Tgr.

o

to 5.

to 5.
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704.56.00 OSCILLOSCOPE

704.56.01 Scope Calibration

Of the two dimensions which have to be calibrated in an oscillo-~
scope, the vertical deflection is the most difficult. The sweep
time can be calibrated by using the output of the one megacycle
oscillator in the main frame clock.

An acceptable method of calibrating the vertical deflection of
a scope is illustrated in the Figure 45-1. Essentially it consists
of deflecting the oscilloscope beam a known number of volts and
adjusting the gain of the D. C. amplifier to make the voltage
represent a certain number of centimeters of deflection. There
are certain points which should be emphasized to insure accuracy.
They are:

1. The meter used to measure the voltage should be a single
range, high quality meter (accuracy of .5% at full scale). A
single range meter is one with a separate terminal for each
voltage range.

2. A meter of this type usually has a relatively low impedance
and should remain in the circuit throughout the calibration
process.

3. The range of the meter and the calibration voltage should pro-
vide a meter deflection of at least 75% of full scale. This is
to insure maximum meter accuracy.

4. There will always be a certain amount of error introduced
in adjusting the deflection. This is due to parallax, beam
width and poor judgment. This error is independent of the
magnitude of the deflection. Therefore, greater accuracy
can be achieved by making the beam deflection as large as
possible. For example: If it is desired to calibrate the
vertical deflection to 10v per ¢m., a more accurate calibra-
tion can be made by having 50v give a deflection of five
centimeters than by having 10v give a deflection of one cen-
timeter.

5. The calibration should allow a reasonably sized waveform to
be displayed on the oscilloscope screen. A larger waveform
provides more accuracy.

6. The oscilloscope should have a direct probe, when measuring
the waveforms from low impedance circuits. An improperly
compensated probe attenuator will give erroneous results
when measuring short pulses, after this type of calibration.

%

.5% Meter

I

Input

0
DC
_T.

-lll—'-\:

Battery or DC Supply
from Machine

FIGURE 56-1. CALIBRATION CIRCUIT

June 24, 1958

One advantage of this method of calibration is that it requires
no special equipment. It can be assembled from parts already at
the installation. The voltage source can be one of the machine
power supplies when calibrating in the machine room. However,
a self-contained calibrator can be assembled, using a dry cell for
calibrating in the CE room.

T04.56.02 Z Input - Oscilloscopes

The "Z" input of Tektronix Scopes, 535, 531, and 310 is a
capacity input to the cathode of the scope. In operation, a positive
going pulse to this input will blank the main trace and a negative
input will intensify the main trace. Therefore, for example, if
the sense amplifier output of the 737 is being displayed on the main
trace and the sample is connected to the "Z" input; the memory
sense amplifier output will be displayed with a "hole" where the
rise of sample occurs. Thus, a 310 type scope or a scope with-
out alternate sweep can be used to observe this timing.

This procedure is useful under the following conditions:

1. To observe the overlap of a pulse and its sample, with either
a single input scope or where "chopped-sweep" is too slow,
(memory sense amplifier output 704).

2. Adds a third input to the dual input scopes to check three
conditions at once.

To accomplish this, it is recommended that the pulse giving
the timing to the circuit under observation (example - ""704"
sample for mem. ) be first displayed to ascertain its size and
shape for meeting specs; it can then be connected to the "Z" in-
put and the main gate or pulse displayed in the normal manner
except that as the rise of the "Z" input pulse occurs it will "blank"
the main trace leaving a "hole' in the trace and as the "Z" input
falls it will intensify the main trace. The former condition is the
more noticeable and very useful.

i intensified Due to Faii
"Hole" Trace Blanked by of Sample

Rise of Sample

Memory Sense
Amp Output

Sample Pulse

FIGURE 57-2. Z INPUT
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Assume any two legs of an "and" circuit.

Leg | |

Using this procedure, display leg 2 for proper shape and levels,
then connect to the "Z" input.

The following should then occur when displaying leg 1.

Iintensified

In the case of fast puilses where chopped-sweep frequency is
too slow, this is the only sure way to compare pulses, since if
the "hole" ever fills up you know your sampling pulse failed, but
if displayed individually you might not recognize the failures.

1t is also useful to display and sync on the occasional pulse
with the "Z" input connected to the frequent pulse. This allows
turning up intensity to observe the infrequent pulse and still not
have the second pulse always present burning up the face of the

scope (but still available for comparison when the trace does
occeur).

50-14
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704.57.00 CPU TROUBLES AND FIXES

704.57.01 Timing, Sliver or Noise Troubles

Picking Up Bits on Clearing Storage

Installation of EC 243523 on Systems Diagrams, 1.05.02 will
solve any problems of picking up bits on clearing storage.

The fall of the ""reset storage to zeros' single shot affects a
pulse on the input to the 4PCF, read control cathode followers,
and tubes 07 and 08 CSF2J07. Tube 08 is very close to the ACS
in column 24 and a large spike due to pickup is noted at N08-2
synchronizer on the fall of the "reset storage to zeros" single
shot. This pulse was gated through with the RQ sample giving
erroneous operation. The RO sample pulse is now gated with
"minus on reset to zeros'" from 1.05.01 so the spike will not be
gated through.

Echo Checks on Write Card Line

Installation of EC 243522 on Systems Diagrams, 5.11.05 can be
used to avoid echo checks caused by the 1 usec sliver on the write
cards line.

During a read printer operation, a short sliver appears on the
write cards line (5.11.05) caused by the fact that the "'plus on
write time' line falls after the "minus after 12 CB" line. This
sliver can, if it is coincident with a copy, cause a premature "go
to E" and "end opn". This change adds a 100 uuf capacitor on the
output of AND circuit E on 5.11.05, thereby tieing the output to
ground through the capacitor which effectively removes the sliver.

Storage Register to Adders on TSX

A sliver carry condition due to the poor fall time of storage
register (1-35) to adders (1-35) line on TSX can be cured by reduc-
ing the load resistor for OR circuit M in PU9014 on Systems
Diagrams, 2.08.48.

MPR Troubles

The fall of the stg. reg. to adder line during the last ER time
in MPR starts late in ER5 time and is not down till ER6.5 to ER7
time. This makes possible sliver adder outputs because of the
"overlap" of the acc to adder gate ER6 (D4). No reasonable im-
provement of stg. reg. to adder fall time would eliminate this
source of error. By delaying the acc to adder gate, the one to ad-
der 35 gate and the adder to acc sample to I time removes the
possibility of sliver type errors. This is easily done by changing
the inputs to AND Circuit G on 2.07.07 (PU 9035) adding AND Cir-
cuit W on 2.08.23 (PU 9040) and one input to OR Circuit F on
2.08.06 (PU 9038).

Line Capacity in MF1 During ER Time

If noise is picked up in MF1 during ER time, or troubles occur
during ER time, and ER9 (D1) or ER11 (D1) pulses are suspected,
rerouting these pulses in MF1 to B/M 561673 will cut down on
stray capacitance. This has given some trouble in the field.

Loading Troubles From Copy Checks

If loading troubles from copy checks show up from any 1/0
unit then the trouble could be in the copy proceed circuits. A
noisy tube in pluggable unit MF1-J04 (Systems diagram, 5.03.04)
is the chief cause. Particular attention should be given to the two
trigger tubes (MF1-J04-02 or MF1-J04-04).

June 24, 1958

704.57.02 Reliability

Distributor Thyratrons

Occasional failure of thyratrons to fire in the distributor
(Systems 5.12.01, 5.12.03, 5.12.04) indicates necessity for higher

Danlanamant of the 880 ochm regcistor with

Repiacement of the ©I0 ohim resistor

Lica e ¢ha ahinld owid
pias On W snaicil gria.

a 100 ohm resistor in the cathode resistor network on CF drives
the shield grid to an up level of +10 volts. This is in contrast to
the former up level of +3 volts, and results in pre-ionization grid
current which increases firing reliability.

Adder P

At present "one to adder (P)"", D40-7 Systems 2.08.43 has a
down level of -20 to -22 volts. Addition of an amplifier between
OR circuit D and CF 03B on Systems 2.08.43 in Pluggable Unit
9064 results in obtaining proper down level of -30 volts. With a
poor down level, the "one to adder (P)" was coming up when it
should not.

Adder X Carry Trigger

Poor rise time and up level of pulse on adder carry output line
on Systems 2.02.03, results in the adder 4 carry trigger (adder 6
carry trigger with one 737) on Systems 2. 06.04 to be turned on
late or not turned on at all. The poor pulse form is due to an
improper compensating capacitor in the output circuit of amplifier
03 on Systems 2.02.04. A 33 uuf capacitor must be inserted
instead of the 15 uuf capacitor to cure this problem.

Card Control CB Counter Input (B/M 562883)

For a more reliable operation of the card control CB counter,
a 5. 1K limiting resistor in PU2521 on Systems 5.11.01 improves
the down level on the "on end CB" pulse by reducing the current
supplied by the -12v clamp in Ts01. Increasing the drives for this
line to 2CF improves the fall time of the pulse.

MQ Sign Loading

If in ring shift operations the sign position fails, add 2CF to the
output of the microsecond delay unit in PU9120 Systems 2.03.01
to drive the MQ register column S output.

Information Loading From Operator's Panel

If information from the operator’s panel is loaded into the
wrong place or at consecutive addresses, the trouble may be the
loss of the -30 volts to the instruction entry keys of the address
register. The keys float at about -5 volts instead of the required
-30 volts. The trouble indication is when information is loaded
at two consecutive full word addresses with each succeeding
address displaced by one full word.

Replacing SS Tubes
If a single shot in a critical circuit becomes out of time, re-

place the SS with a tube that has been run-in on a less critical
circuit and put the new tube in the less critical circuit.
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704.57.03 Bias Troubles

Compare Accumulator (9-35) to Adder

If on ANS when biasing the -250v, a sliver is developed by the
poor fall time of the compare acc (9-35) to adder line (Systems
2.08.07). If this puts wrong bits in storage, then EC 243687 should
be installed.

On certain machines, dependent on wiring capacitance and the
time required to change the acc reg. from one to zero, and during
worst case problems in ANS, a sliver is developed which causes
errors in the word stored on -250v bias and potentially at normal
voltage. Addition of PCF 08B in PU9037 to power this line im-
proves the fall time sufficiently to give good operation.

Sign Position of Storage Bus on FAD/FSB

If the sign position is unreliable when biasing the -150v to ~142v
in FAD/FSB then remove the 300 ohm resistor from the cathode of
the storage bus S position PCF 08B in PU9190 in MF2A03, Island
Pin E36-F36. A jumper must then be added from K36 to F36.

Address Register 14 & 17 Grid Inputs

These are the only two triggers in the address register with
three grid inputs. I at low bias you have trouble turning them on,
then B/M 562507 should be installed. This lays out the inputs to
cut down on the capacitance.

Accumulator Sign

In biasing the acc sign position fails and cable capacity is
suspected, replace the 15 uuf plate divider on the amplifier feed-
ing CF05B on PU9036 with a 33 uuf compensating capacitor on
Systems 2.08.14.

50-16
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704.60.00 AUTOMATIC MACHINE LOGIC

704.61.00 DATA FLOW

In this section we have tried to concentrate on the logic of
the machine. We have tried to cover logic paths of instruc-
tions, key and button routings, internal wiring logic, internal
data paths, timed sequences and data sequences of many of

the machine operations.

As in the trouble shooting charts, the shapes on the instruc-

tion data flow charts have a definite meaning.

Overall objective of what is to
be accomplished by the follow-
ing blocks.

These will accomplish the over-
all objective of the above block.

Switch or decision

End of Operation
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704.62.00 | CYCLE DATA FLOW

Class B SR Class A
1,2
Y l CYCLES I, ER...ER
IC to AS SRS, 3-TT) to SR (S,1,2) to
CTI0 to 16 IR (S, 1-9) R(S,8,9)
110 (D1) 110 (D1).
T 1
L < J
Y Y
AS to AR Primary Secondary
1o (D1) Operation |Operation
S 1 5]6 9
Y Y
AR to SAR s
12 (D1) et up storage
address .

\

AR 10 1C SRT-35) to
13 (D1) Adders (3-17)
19 to CTI

Y

Y

Storage to SBR Adders (3-17)
to Stg Bus. to AS
19 to CT1
‘ l
tg Bus to SR
179(01) 0,0 Go to E time.
0,0
A Y
Advance IC AS to AR
I (D1) IR 1,1,1 £0 (D1)
1,2,3
] 1,10
Y
AR to SAR
et up execu- .
tion control . Go to ER time. E2 (D1)
Y !
Reset 10-17) 7 Storage to SBR
on (Shift Ctr) i Pri to Stg Bus.
18 (D3). Oper.
7,6
\ Y
Reset IR (S,1-9) AS to IR (10-17 Stg Bus to SR
off ERO (D1) £7 (D1)
8(D1).
V
Execute
Instruction

FIGURE 62-1. 704 | CYCLE DATA FLOW

60-8 June 24, 1958



June 24, 1958

CONTROL X F

FROM ACCUMULATOR REGISTER

M

AND |

i CONTROL Y
FROM STORAGE REGISTER

N

r—1CONTROL Z

,__..
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FIGURE 62-2. BASIC DIAGRAM OF TRUE/COMPLEMENT CIRCUITS
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704.63.00 INSTRUCTION TIMINGS AND DATA FLOW

60-10

.01

.01

.48

.01

.02

.03

.02

.31

.02

End Op Tgr on

Adr Sw—= Adr Reg

Adr Reg —=Stg Adr Reg

Stg Bus —-Stg Reg (Stg Bus up About
Reset Inst Reg(S,1-19)

Reset Sh Ctr

Stg Reg (24-35) —= Add (6-17)
Adder (6-17)—e Adr Sw

Stg Reg (S, 3-11) —=Inst Reg (S, 1-9
Op Decoder

Go to ER

Advance Inst Ctr

Conditional Trans Ctrl

Inst Ctr Trans Ctrl

Reset Inst Ctr on Trans. (If conditions

End Op Ctrl

Adr Reg —s=Inst Ctr

E or ER of

Previous Instr.

I N

ER

| of Next

Instr.

~Time)

are _met)

il
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| time

ALS

Y

Go to ER
time to shift.

Y
Place shift in
Shift Counter.

#0

Shift Acc Left. Go to | time.

v

Step Shift Ctr.

A
Prop Acc hold

Prep for
overflow

FIGURE 63-2. ACCUMULATION LEFT SHIFT +0767

June 24, 1958 60-11
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ER ER ER
Inst Ctr—=Adr Sw  3.40 _[orly — 15 t 1
Adr Sw—= Adr Reg __I_l 4t r—l
Stg Bus —Stg Reg  2.08.01 | -+ [T g 1
Stg Reg (24-35)—Adrs (6-17) 2.08.18 et " [
Adders (6-17)—=Adr Sw  3.40 [roeti | y s
Stg Reg —=Inst Reg  3.01 S | e 'L
Operation Decoded 3.10 Yos's [ i f L
Adr Sw—=Shift Ctr 3.05 T T —
Shift Acc Left Ctrl 2.08.10 [ y—— —T 1_
Shift MQ Left Ctrl 2.08.17 [eri—>sHiFT cTR =Tzero i l
MQ (1)—Acc (35)  2.08.12 e e |
MQ (S) —=~Acc (S) 2.07.17-2.08.13 or 2.08.14 cno on ] | 4”_1—[ [
Shift Ctr Not Zero  3.07 R —— if | —
Shift Ctr = Zero 3.07—2.09 n J |
End Operation 2.08.31 SHIFT CQUNTER = zemo—wly  (( | | I
FIGURE 63-3. LONG LEFT SHIFT INSTRUCTION + 0763
Previous Indtr. | E
Inst Ctr —= Adr Sw 3.40 Jevfoms ) [~
Adr Sw—»Adr Reg 3.40 GATED A0 (D) L
Stg Bus —=Stg Reg 2.08.01 1, & €7 {on) J1 M
Stg Reg (24-35) —= Adders (6-17) 2.08.48 ==, | !
Adders (6-17) —=Adr Sw 3.40 w—er, [ ]
Stg Reg—=Inst Reg 3.01 11 (D) [—[
Operation Decoded 3.10 [id s—=1s
Store Execution Control 2.07.13 S
Instruction Counter Advance 3.20 111 (01) F
Acc—=Stg Bus 2.08.25 €6 00 1
End Operation 2.08.31 and 8.05.0! o (o) TL
Read In Sample s (o1 M M

FIGURE 63-4. STORE INSTRUCTION + 0601

June 24, 1958



I time
ADD

CYCLES |, E

Go to next |
time.

Y

Go to E time
to bring word to be

added from Stg.

Drop Acc Hold.
Adders to Acc.

Y

tored factor
to SR.

!

SR to Adder

!

Unlike

Unlike

Y

Y
(~) to Acc
Sign.

(+) to

Acc

y
Compliment Acc| Comp Acc to
Acc to Adder to Adders. Adder.
Q carry to Adder to Acc.
Adder 35.
A J
ﬁ\d 4 |
Oper -

Inst Ctr— Adr Sw 3.40

Adr Sw— Adr Reg 3.40
Stg Bus— Stg Reg 2.08.01

Reset Inst Reg (S, 1-9) 3.01
Stg Rea (%-ig)-— Adders (6-17)

Adders (6~17)= Adr Sw 3.40

StgReg (5,3-11)=Inst Reg(S,1-9) 3.01
Operation Decoded 3.10

Prepare for Overflow 2.08.39

Go to E-Time 8.05.01

Advance the Inst Ctr 3.20

Stg Reg + Adders 2.08.05
Irue Acc—~ Adders Or Comp Acc — Adders
2.08.06 Or 2.08.07

Adders — Acc 2.08.23

Recomp if Nec - Comp Acc —~Adders 2.08.07
Recomp If Nec - Adders — Acc 2.08.23

End Operation 2.08.31 & 8.05.01

Adr Reg —~ Inst Ctr  3.20.02

June 24, 1958

E or ER of Previous

Instruction | E I of Next Instruction
| I I CTI0O— 16 r
A Moszzan o [ n M
[y aeron ™ M 1
wer M M
| _Lls-»cn
Fﬂ 19-»CTI
n 1o (D)
Yio, 5 = g [ 1
'to.s-> I | |
‘1o, s CT, F-l
" [{-15)
E9—» CT2 Pi
Fm’* Py
I (o) i
1, (02) r'L
i (DV) ™~
El0 (D1) ™
I3 (o) ™

FIGURE 63-5. ADD INSTRUCTION + 0400
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CYCLES I, E

| time
Primary oper- ADD +0400
ation 40. ADM +0401
SUB +0402
SBM - 0400
Stored factor
to SR
Set SR sign Add Magnitude \\ Sub Magnitude Set SR sign
) < Inst - o)
Inst Sub - |nve.rt SR
/ sign
N pdd ]
7
SR to Adder
Unlik
e Signs
Compliment Acc| | Alike
to Adders.
Q carry to
Adder 35. Acc to Adder
Y
End
Oper
Drop Acc hold.
Adders to Acc.

Comp Acc to Acc

Adders . Sign Sign
Adder to Acc.

FIGURE 63-6. COMPOSITE OF ADD, SUBTRACT, ADD MAGNITUDE AND SUBTRACT MAGNITUDE

60-14 June 24, 1958



June 24, 1958

| time MPY.
Reset Shift Ctr.
Reset Acc.

o to E time
to obtain multi-
plicand.

Stg to Stg Bus.
Stg Bus to SR.
E7 (D1)

Y
Set 3510 or 438
in Shift Ctr.
E9—CT2

\ ]
Set Acc & MQ
sign (~) if signs
unlike.

E11 (D1)

Y
o to ER
time to multi-

ply.

\

CYCLES I, E, ER...ER

|

Shift Cir =0
*#0
SR to Adders
#1
=]
Adder to Acc. End
ER4 (D1) & Oper

ER10

True Acc to
Adders.

ERO (D5 ) &
ER6 (D5)

I

Shift Acc right.

Shift MQ right.
ER5 (D1) &
ER11 (D1)

Step Shift Ctr.
ER5 (D1) &

ER11 (D1)

]

FIGURE 63-7. MULTIPLY INSTRUCTION MPY +0200

Go to the next
| time.

60-15



91-09

8561 ‘¥ sunp

| E ER) ERn ER17 ER1g

3.40 Inst Ctr —= Adr Sw Control ‘ sm:_o%-_L_
3.40 Address Switch — Address Register [ e 00
3.42 —— 1.01.01 Address Reg —» Storage Address Register | L2 o0 |
1.03.01  Stg— Storage Bus oo [ leee [ |
2.08.01 Storage Bus —-Storage Register 1500 [ e on ]
3.05 Reset Shift Counter to Ones (10-17) 15 (D3)
2.08.48  Storage Register (24-35) -~ Adders (6-17) T Tls—en
3.40 Adders (6-17) — Address Switch [ Lo
3.01 3.03 Storage Register (S,3-11) —Instruction Reg (S,1-9) [ e ten
3.10-3.10.01 Pri Op Decoder 1.3 PRI OPN (2 0) |
2.07.07  MPY Exec Controls 10.5 L
3.20 Adv Inst Counter 1, @D
2.03.06 Reset Acc (Q-8) (9-35) 1y, (OO
2.08.33 MPY,/DIV Control 'to.s |
3.05 3.06 Set 3510 — Shift Counter [T es—cr
2.08.18  Clear MQ (S) | €11 (o))
33T Ut SN RS, ] e—
3.06-3.07 Shift Counter Not Zero J o
3.07 Shift Counter Zero 1 S
2.07.07-2.08.05 Storage Reg (1-8) (9-35)—Adders £RoO \

MINUS 5 (D) 11 (B s (o) 11 (d) MINUS 5 (B1) 11 (D1) 3 (BI) 11 (D1
2.07.07-2.08.33-2.08.06 True Acc (Q, P, 1-8) (9-35)—=Adders cro U U U LT L
2.07.07  Shift Counter Not Zero; MQ (35) = 1; 2.08.23; 2.08.09 Adders—sAcc s o [ o o ‘1.9_'.)_[ | PP Moen M J| 1d o[l
2.07.07  Shift Counter Not Zero; 2.08.11; 2.08.16 Shift Acc (Q-35) & MQ (1-35) Rt b on [T o] s o] Tu oo [ oo [ en [1s o]
2.07.07-2.08.34 Step Shift Counter s 00 [ o5 o i oo [z @o T en [s eof]
2.07.07-2.08.33-2.08.31 End Operation Control | I T
8.05.01 End Operation Trigger on; Go to I Time Control R _L——

FIGURE 63-8. MULTIPLY INSTRUCTION +0200



0100100010
0101

010 = 11101
STG REG ACCUMULATOR MQ REG
01010 0001001 00010
Divisor Dividend A A
Shift
ACC MQ CTR
00 01001 00010
E Time 11T 10110 00010 5 Complement Acc.
ER 4 01010 Check for carry indicating that
quotient will fit in MQ register
100 00000 No odder to ACC.
& 11T 10110 00010 Accumulator (retaining the comple-
5 / // S S ////// ment valve).
oL 1
e 11T 01101 001050 4 Shift left
ER 5 01010
M1 10111 00 1 0K No carry; successful reduction. Put
ER 10 S0 S/ S 1in MQ (5). Bring adders to ACC.
ER 11 11 01111 o101 3 Shift left
01010
. 11 11001 01 0i1M No carry; put 1 in MQ (5). Bring
& ////// //|/ adders to ACC.
g R4 117 1700 1" 1o 1 2 Shift left
S ms 01010
b3
ER10 [ M1 11101 10i1 11 No carry; put 1 in MQ (5). Bring
adders to ACC.
ER 11 11 11010 01 1 13 1 Shift left
01010 Carry overdraw; no 1 to MQ (5).
ER4 | 00 00100 No adders to ACC.
o 11 11010 0i1 110
s SIS IS
2 11T 10101 1100 0 Shift left (shift ctr 0; no more shifting).
-4
ER 5 01010
1] I T (O T A 11 0d No carry; put 1 in MQ (5).
ER 10 Bring adders to ACC.
g 00 00000 1101 Recomp. ACC.
g 15 '
Remainder Quotient

June 24, 1958

Note: {a) 5-bit registers
(b) Shift ctr. set to 5

FIGURE 63-9. EXAMPLE OF DIVIDE (WITH A SIMULATED 5-BIT MACHINE)

60-17



I time DIV. o
T1 Tgr on. n n
Reset Shift Ctr.
¥ v ) Off
Go to E time True Acc to True Acc to
to obtain divi- Adders. Adders.
sor. SR to Adders. SR to Adders.
Turn off Q carry |

SBR to Stg Bus.
Stg Bus to SR.

Y

Complement Acc
to Adders. Set Turn T1 off. On

Q carry

3510 or 43g in
Shift Ctr Adders
to Acc. ] oFf
Shift Acc left,|
Y Shift MQ left.
i Comp MQ 1 to
S(f; ih?ﬁg:sgr;re Acc 35. 23: to M,? 35.
unlike Step Shift Ctr.| er to Acc.
Y )

Go to ER time End =0 {

Oper < ift Ctr
#0
Go 1o ER 1 Shift Acc left.
o ime Shift MQ left.
CYCLES |, E, ER...ER C'::mp MQQ T to
Acc 35.
Step Shift Ctr.
v
Comp Acc to
IAdders. Adders
to Acc.

FIGURE 63-10. DIVIDE INSTRUCTION + 0220
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8G6T ‘$g aunp

61-09

3.40
3.40
3.42 —

1.03.01
2.08.01

3.05
.10.02
.08.48
.40
.01-3.03

.07.08
.08.33
.08.23
.06.05
.20
.08.07
.08.23
.05
.08.18
11,01 —
.06.01

N RN WRN RN WRNRNRN W WwNeN

If Q Carry
Tgr is Off

Inst Ctr—=— Adr Sw Ctrl

Adr Sw—=Adr Reg

1.01.01 Adr Reg——Stg Adr Reg
Stg —Stg Bus

Stg Bus ——5tg Reg

Reset Shift Ctr to Ones (10-17)
Exec Ctrl Tgr (T7)

Stg Reg (24-35) —-Adders (6-17)
Adders (6-17) — Adr Sw

Stg Reg (S, 3-11)——Inst Reg (S, 1-9)
.10-3.10.01 Pri Op Decoder

Div Exec Ctrls
MPY/DIV Ctrl
DIV/AND Ctrl
Reset Div Check Tgr
Advance Inst Ctr

Comp Acc (Q, P, 1-8) (9-35) ——Adders

Adders —»Acc Control
Set 3519 OR 43g—=Shift Counter
Clear MQ (S)

2.07.08-2.08.24 If Acc & SR Signs Unlike; Minus=M

Turn Off Q Carry Trigger
2.07.08 -2.06.01
2.08.33-2.08.06
2.07.08 -2.08.05
2.07.08 -2.08.10
2.07.08 - 2.08.17
2.07.08-2.08.12
2.07.08 - 2.08.34

Q Carry Tgr On

True Acc (Q, P, 1-8) (9-35
Stg Reg (1-8) (9-35)—= Adders
Shift Acc (Q-8) (9-35) Left
Shift MQ Left

Comp MQ (1)—= Acc (35)
Step Shift Counter

2.07.08 -2.08.23-2.08.09 Adders (Q, P, 1-8) (9-35)— Acc

2.07.08 - 2.08.20 One— MQ (35)

3.06-5.01.01-5.01.02-3.07 Shift Ctr Zero

2.08.31 End Opn Ctrl
8.05.01 End Opn Tgr on

2.07.08- 2.08.23-2.08.07 Comp Acc (Q, P, 1-8) (9-35)—= Adder
2.08.07- 2.08.23-2.08.09 Adder (Q, P, 1-8) (9-35)~Acc

FIGURE 63-11.

| E ERy ER, ERyg |
10 6
—Jend or Tomod————|
A0 (D1)
mn 1 (D1)
Ig (D1) I E6 (DI) —
lg (D1) M E£7 (D1) M
MINUS Ig (p3)
s T  sns
g ™1 ST
s — Ti<cu
tig (D) m
I10.5 [ | E—
I 10,5 I | E—
110, 5 I | E——
110,85 I | IS—
Lo Tlen
1y, (o)
E6 (D4) [_"'_l_
E3 (Q1) n
E9 CT2 1 cT2
Ell (DI1) m
R (S) FIRCIN '
1 's PV [ 30D ° 9D M m m Iml imB
PRGN PR S S
MINUS 5 (D) 1F (DI} 0 (DS) 6 (Ds)
—= Adders — LJ LS g I
MINUS S (DI 1 (pi 9 (D )
— U l—l b =
— s (o1 il ! m m
M s(oh_M 1 (o ig!
M Moy Msoy M
s (D) 11 (D1) m M
oy L lamo Moo [Tt M M
1oy M L L@y looy |
s I
s T 1
] | 6
J I —
14 (D2) ™
tg (D) [

DIVIDE INSTRUCTION + 0220




60-20

Y

I time ANA
I+ to Acc Sign.

Go to ER time both SR
& Acc factors must be comp
to use the ~OR & AND) logic
of the Accinput.

P

Stg Bus to Stg

Reg.
ER5 (D1)

the two comp words are
=" OR'ed" {+ " AND") to-

Go toI time where

gether into Acc.

A 4
Maintain Acc

Y
Exchange SR & Ac
factors to comp Stg hold. Stg Reg
Reg word . to Adders.
10 (D4)
L Y \ [
Comp Acc to Stg Reg to Comp Acc to
Adders Adders. Adders. MI?’('E]';’ Acc
E6 (D4) ERO (D6) ER7 (D3)
Y Y Y \
Stg Bus to Stg Acc to Stg Bus Adders to Acc. esulting
Reg - ERd (D2) ER9 (D1) factor in Acc
E7 (D1) must be recom
v 1 l lr
Adders to Acc Adders to Acc End ComA}‘:d j«:c to
D1 E D1 ers.
E9 (D1) RS (1) Oper o
4
Adders to Acq
CYCLES I, E, ER 15 (D1)
1 E ER E |
T1On2.10.02 > ERUT 1
Operation Decoder 3.10 110,53 —» 18| | S
AND to Acc/Stg 2.07.24 IS 14 vos —» e
AND to Stg Ctrl 2.07.24 ERIL —> 1g r 1
Stg Bus—Stg Reg 2.08.01 17 M 7 [ ERs SUPPRESSED 1, 1
Comp Acc—Adders 2.08.05 E6 (00) [T E6 (D4) [ E4(®2) [ 1, (02) [
Stg Reg (1-35)+Adders -08.05 eroef™ | eocwof | [T lesloo
Adders - Acc 2.08.23 nanl b i Hiiid g I il g i m A | s M
Acc —»5tg Bus 2.08.25 Ersl(02) ™ g6 (04)
Acc Hold (On AND to Stg) 2.03.06 €0 (o) 1
ER 11 (D1) Go to E~Time [2.07.24 Er1 [T
End Operation 2.08.31 E0 (D12)
Set Q Trig if no Bit in Q 12.06.01 Es (o0 [7
One-»Adder Q if Q Tgr On 2.08.43 £e (0a) [T
FIGURE 63-12. AND TO ACCUMULATOR INSTRUCTION ANA-0320
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I
I time ANS
Turn T1 Tgr on.

Go to E time
to complement Acc
&bring factors out
of storage.

Comp Acc to
Adders.
Eé (D4)

Stg Bus to
Stg Reg.
E7 (D1)

Q Adder

Sum

Turnon Q.
Carry Tgr.

|

No 2
Adders to Acc.
E9 (D1)

Go to ER time, both Stg
Reg & Acc factors must be
comp to use the -OR (FAND)

logic of the Acc input. /
y

Exchange SR
& Acc factors to
comp Stg Reg
word.

\ 4
Stg Reg to
Adders.
ERO (D6)

Acc to Stg Bus.
ER4 (D2)

!

Adders to Acc.
ER5 (D1)

l

Stg Bus to Stg
Reg.

Comp Acc to
Adders.
ER7 (D3)

4
Adders to Acc .
ER9 (D1)

Tuen off T1.
ER11 (D1)

Go to E time where the
two complemented words

are-"OR'ed" (+ AND'ed)
together into the Acc.

4
Maintain Acc
Hold.

Stg Reg to
Adders.
EQ (D4,

\ 4

Adders to Acc.
E1 (DY)

Complemented resultant now
in Acc must be recomp & then
put intostorage at address de-

coded from ANS inst.

y
Comp Acc to
Adders.

E4 (D2)

y

CYCLES I, E, ER, E

June 24, 1958

Adders to Acc.
E5 (D1)

Y

Acc to Storage

Acc from SR.

[

Original Accfactor
must be returned to the

I

Stg Reg to
Adders.
ER6 (D4)
One to (=) SR
Adder P. Sign
L +)
One to On
Adder Q. Q Carry
or
L Off

FIGURE 63-13. AND TO STORAGE INSTRUCTION + 0320

Y

Adders to Acc
E9 (D1)

Resultant factor

in Acc in comp form
so must be recomp . Go

to | time.

\4

Adders to Acc
15 (D1)

60-21
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I time of

SXD.

\

Store decre-
ment brought up]

EO (12)

i

Index Reg to
Adders.

Elto I8

Iﬂm
Reg. E4 (D1)
Index Reg has
1's complement

}

ers to Adr
Sw.

E6 (D4)

/
Address Sw to
Storage Bus.

E6 (D4)

/
Storage read in
control .

£8 (D1)

End
Oper

[Adders to Index
Reg.

It now holds true

alue. E11 (D1

Operation Decoded 3.10

| time of TSX.
Trans Ctrl
brought up.

) 4

Inst Ctr Adv.
suppressed .
N1 (p1)

Y
SR (1-35) to
Adder (1-35).
E3 (D4)

|

Inst Ctr to
Address Sw.
ER4 (D2)

l

Address Sw to
Stg Bus (3-17).

ER3 (D4)

y

Storage Bus to
Storage Reg.

ER4 (D2)

of Inst Ctr.

ER6 (D1)

\
One to adder 17/]
carry .

ER7 (D5)

Y
Index Reg to
Adders 2's comp,

ER7 (D5)

End
Oper

Y

Reset Inst. Cir.
ER1 (D2)

Adders (6-17) to
Index Reg.

ER11 (D1)

I 2's comp in Index Reg.

Address Reg to
Inst Ctr.

13 (D1)

FIGURE 63-14 TRANSFER AND SET INDEX

SXD Command 2.07.57

XR—-Adders 2.08.49

Adders - XR 2.08.53

Adders— Adr Sw 3.40

Adr Sw— Stg Bus (3-17)2.08.28

Store Decr Ctrl 1.04.05

End of Ctrl 2.08.31

It0,5—~18 J
T10,5—1I8 |
ei—10| |
Ea4 (m)J_I En (D1) r—
oo ||
SXCTY
E TIME

FIGURE 63-15. STORE INDEX IN DECREMENT INSTRUCTION

June 24, 1958



Conditional
transfer is held
up.

I time of TIX
Conditional
transfer gated.

'

Go to ER time to comp In-
dex Reg with decrement which
conditions the Main Frame to

proceed or transfer.

A
Adders (6-17)
to Adr Reg

ERO (D1)

\
Index Reg to
Adders.
ER3 (D9)

A

One to Adder

(17) gives 2'S

comp operation,|
ER3 (D9)

SR (1-35) to
Adders (1-35).
ER3 (D4)

Y

Is
No there an Yes

\

Reg.
ER6 (D1)

ders to Index

A

This puts difference

of Index Reg & dec-
rement in complement
form in the Index Reg.

|

End

Conditional
_sitransfer dropped

Oper

June 24, 1958

Adders to Index Reg
Reset Inst Ctr ERT0 (D2) . ER11 (D1).
_ylIndex Reg to Adder ER3 (D9), True Form
One to Adder (17) ER3 (D9). Difference sent fo
(Lrwe diff in Adders. | Index Reg.

ofter ER3.

End
Oper

Go to next | cycle
for the next inst in
the precession.

Inst Ctr.

FIGURE 63-16. TRANSFER ON INDEX INSTRUCTION

13 (D1)

60-23



| time
TIX, TNX
TXH, TXL

Y

Go to ER time.

Inst. Adr. to
Adr. Reg.

| time Pri Op
3,2 Turn Tl on

Go to E time

Word from Stor
age to SR.

OR Comp SR
word & Comp
Acc word to
Acc.

\

Complement

OR to Obtain
AND

Y

Store AND at
location Z.

2's comp XR to
Add (3-17). Complement
Dec to Add Acc word
| 1
NO ( XR>) Add YES ( XR<) Turn on Q carryf
3 Carry — Tgr.
b { TXH
XL .
Inst Go to ER time.
TIX
TNX |
Difference to Exchange Acc
XR. & SR
] 14
Re-comp XR | Turn T1 off Complement SR
word nonin Acc.
TIX TNX
TXH TXL
Inst Inst
ANS ANA*
TNX TIX
XL TXH
Y
Transfer
Next Instruction
FIGURE 63-17. TIX, TNX, TXH AND TXL FIGURE 63-18.

60-24

y

Replace comp.
Acc from SR.

1

Go to | time.

Complement Acd

for AND & to |

Comp Q
to Acc (Q)

OR Comp SR
word Comp Acc
word to Acc.

Festore .

l

Next Instruction

ANS, ANA

June 24, 1958
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FIGURE 63-20. TRANSFER IN TRAP MODE

1 E ER [
3.10.01 Pri Op Decoder —_— 0.5 | T erior 02
3.10.06 Minus on Transfer {T.M) ]
3.10.06 Minus on go to E time [ nlad
L e
3.10.06 Transfer Control o5 | e
3.40 Adder—s Adr Sw (SUP) 8 p=—r=-t= cTi
3.40 Gated Minus A0 (D1) A0 (D1)
8.05.01 Go to E Time Control i
3.20 Adv Inst Cte (SUP) ]
1.01.01 Adr Reg—=Stg Adr Reg M_Ee2 @0
3.40 Inst Ctr— Adr Sw Control B e T T C-T))
2.08.28 Adr Sw—Stg Bus £6 (D4)
8.05.01 Go to ER Time Control T _eswcr2
8.05.03 Set Cycle Timer M1 Ao (o1) =l
2.08.31 Stg End Opn ws
2.08.31 End Opn Control
3.20 Adv Inst Ctr (Unseccessful Transfer) _ers (o1)
3.20.03 Inst Ctr Tr Control (Successfull Tr Only) B e Sy— I
3.20.02 Reset Inst Ctr On Tr [ Lerto o2
8.05.01 End Opn Tgron - Go to | Time ERI0 | o s WU
3.40 Inst Ctr —Adr Sw R0 T L
3.40 Gated A0 (D1) Adr Sw—Adr Reg Blocked by Minus on lpst Ctr Tr Ctrl T e e e e .
3.42 One — Adr Reg 17 | o oy T
FIGURE 63-19 TRANSFER IN TRAP MODE
Condition Sign R 2.07.27
Acc| SR | ER4 | ER9 car
+ + X And §
SR > Acc -] - x And R
- x And Q
SR =Acc |- x And R
- - x And S
If SR < Acc, Normal | 11 (D1) Advance
| E ER | (of next inst)
Inst Ctr —»-Adr Sw 3.40 — T L B o memmees I N
Adr Sw —=Adr Reg 3.40 GATED A0 (DI)
Operation Decoded 3.10 Lo 5=l -
Stg Bus —=5tg Reg 2.03.01 1ae7 on_ [ M M
Advance Inst Ctr 3.20 TR G ‘m i
Stg Reg —=Adders 2.08.05 £o-ERI2 [
Comp Acc —»-Adders 2.08.07 E9_ERIZ I
IF Signs Alike; Add 1-—» 35 2.07.27 ERS5 (D4) |
(S) +, » SR; Q Carry Trg on 2.06.01 N 2 1 |
SR = Acc, Q Carry Tgron 2.06.01 M s IS
Inst Ctr Skip 2.07.27 ER4 (D1) m
Inst Ctr Skip 2.07.27 ER9 (D1) L
End Op Tgr on 2.08.31 &3.05. RIOIg T 4 .

60-25



60-26

STORAGE

1_
A
1 8|9 3s
| STORAGE REG
8
27
\ [T carryY]
Ly
t 1 A
819 3s
ADDER
u K
35
8
sl gl LTOVI?| 127 n
v ; A 4 I
1 9 35 t 9 3s
QP | ACC REG [ MQ REG
l —
35
35
A
35
STG. BUS SW

\

17
OP { SHIFT CTR

L

FIGURE 63-21. FLOATING POINT INFORMATION FLOW

June 24, 1958



CYCLES I, E, ER...ER

Ttime of FAD, FSB, . —3
UFS, UFA. l
o Step Tally Ctr.
Reset Shift Ctr. Set MQ sign (-) p 1oty .
Reset Tally Ctr. i Acc is I(g) ER11 (D1) Uniike
Turn on T1. ‘
Y
oo Enimes j\ 4/Gho to EfR time "\ Like !
for floating poin Shift Cir. =0 "talsitze'%go;;:: omp MQ 9 to
number. ation. MQ 9 to Acc 35 Acc 35 while
while shifting shifting.
\
Stg Bus to SR I >

Shift fraction|
right.

E7 (D1) Zero test FAacc-

[

FAD-UFA
¥ , [Add SR & Acc Comp Acc (Q-
Step Tally Ctr. C fractions & cond 35) to Adder.
FSB-UFS N carry from Ad-

1 ry trom ERO (D12 .
nvert Stg Bus ER11 (D)) der 9 to 8. (o12) Go to | time.
(S) to SR (S).

E7 (D1) /
o to ER Carry to Adder
ime 3rd step fo No 35. MQ Like
o fo ER fime Tst Ad?oFS'iliffAcc ERO (D12) & Acc Signs
tep compare Acc &SR Yes i
. Unlike
t i Alik
& put smaller in Ac 7 e | Shift Acc & MQ right
& SR i?gn one position. Put a one Add one to
SR (1-35) to Adders iinto Acc position 1. Fhce:
= i p
ERO (D12) Unlike L ERTI (BD)
Comp Acc (Q-8) to
Adders. ERO (D3) Sub SR & » urn 11 off. ERS
Carry to Adder (8). Acc fractions D1)  Reset Sub 2710 from
ERO (D2) Ace (Q-35). CAcc & put in
(1 * R10 (D1) CMQ-
Yes No
Q carry Recomplement
CSR FAce End No
9
CAcc No y y ¥ Oper overflow
es
Exchange SR & W
Acc One to Adder
ER4 (D2) 35. Add T fo CAce
ERO (D6) & shift right
\ one.
Sub Cgp from Cacc for ;
difference (D). This is num= +)
ber of shifts needed in the
fraction.
(=) next Inst. Unlike
¥ Sub one from v
Face®
Clear MQ. Put Acc
(D) in Shift Ctr. P"E’;]'; Al;'f)(s)' . \ I
ER8 (D1) ( Sub 27, from
CAcc. Step Tally
A I 1o (D4) Ctr.
Step Tally Ctr. X \
ER11 (D1) Minus to Ace (S) Put difference
ER]O(D]) in CMQ'
| 13 (D1) to Normalize
Go to ER time 2nd step to UFA-UFS l v
set MQ sign to Acc & get frac- ‘ .
tion in position to Add so Fgp & Is:f'rfliécpﬁaie’ﬁ?a
FAcc are the same. FAD-FSB time until a 1 appears|
L_____, ) in Acc 9.
L

FIGURE 63-22. FLOATING POINT ADD AND FLOATING POINT SUBTRACT INSTRUCTION
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! E ER) ER, ER3 |

Reset F.P. Tally Counter 2.10.01 I s o
Reset Shift Counter 3.05 s W comp con [sus chn -
Storage Bus—--StomXd e Register 2.08.01 n WiTH cACC/"ROM ACC MORE THAN
Storage Register—— Adders (1-35) 2.08.05 ONE cYCLE
Comp Acc—» Adders (Q, P, 1-8) 2.08.07 M 1]
Carry—e-Adder 8 2.08.44 L
Put Difference Adder (1-8) — Shift Counter 3.05 o
Clear MQ (S, 1-35) 2.08.18 n
Step F.P. Tally Counter 2.10.01

IF Cacc —=Cgr EX}

ICHANGE SR & ACC
Acc S, 1-35—=Storage Bus 2.08.25 JTLNC @ PARRY)
Storage Bus —=Storage Register 2.08.01 M
Adders ——Acc Control 2.08.23 M
+—=Acc (S) 2.08.13 -—»Acc(S) 2.08.14 2 SHIFT COUNTER =
Shift Acc (9-35) Rt~ 2.08.11 — |
Shift MQ (1-35) Rt 2.08.16 |
Step Shift Counter 2.08.34 1
If Acc Sign -, Set MQ (S) - 2.08.24
Step Tally Counfer ER11  After Shift Counter =0 e
Storage Register (1-35) ——Adders 2.08.05 —
True Acc (9-35)—Adders (Signs Alike) 2.08.06 (Signs Unlike) Comp Afc (9-35) 9 Curry->23508 %.808.07 —
Adders (Q-35)—=Acc 2.08.23 e N
Adder 9 Carry—»Adder (8) 2.08.44 (Signs Alike) | | | _____ I S Y
Adder ¢ Carry Turnon Qov Tgr 2.06.02 (| _____ [ adtiaid T

IF A COL 9 CARRY
(ON SIGNS ALIKE)
Shift Acc (9-35) Rt 2.08.11 9 ov Tgr on Puts Bit in Acc P I o S
Shift MQ (1-35) Rt 2.08.16 —HLIFNSN;NS UNLIKH
Recomp Acc (9-35)—=Adders 2.08.07 L 1] necoms 7
Adders (9-35)— Acc 2.08.09
(9 Carry, Acc (8) =; +—=Acc (S) 2.08.13) (9 Carry, Accl(S) +; - —=Acc|(5) 2.08.14)  peusT sien T
End Operation Control 2.08.31
Step F.P. Tally Counter 2.08.47
Acc (Q-35)-+Adder 2.08.06 Subtract 27 from T
Ones— Adders (Q-368) 2.08.43  CAcc—CMQ '
Adders (1-8)>MQ (1-8) 2.08.46 n
FIGURE 63-23. UNNORMALIZED FLOATING ADD INSTRUCTION = 0300
| ER 3 ER 4 ER 5 1

ZERO TEST Facc SHIFT Facc P Fua
Comp Acc (9-35) —~Adders 2.08.07 P AR vl
Carry —~Adder 35 2.08.08 — A ST APPEshs 1N
Turn off Ty 2.10.02 ¥Fpcc=0 (coL 5 gARRY)
Clear Acc (Q-35) 2.03.06 n
End Operation 2.08.31 T —

If F 7‘0 & Acc & MQ Signs Unlike
ubt one from Facc.

Adders (9-35) —Acc Control 2.08. 09 _ n n cor 4
True Acc — Adders (Q, P, 1-35) 2.08.06 Subtract 1 from [—\__ovutrpT

One to Adders (Q-8) 2.08.43
Adders (Q-8) —» Acc  2.08.09
Shift Acc (9-25) Lt. 2.08.10
Shift MQ (1-35) Lt. 08.17

CAcc Until Col 9 =11
2.08.1
2.08.1
End Operation Control
Reset Column 9 ov Tgr

2.08. 3
2.06.0
True Acc (Q-35)—Adders

Carry—s Adder 35 2.08.08
Adders — Acc (9-35) 2.08.09

2.08.06

Ones —~ Adders (Q-3, 6 & 8) Comp 32
Adders (1-8) — MQ (1-8) 2.08.46

2.08.43

Carry ——Adder 8 2.08.44

Adders (Q-8)—=Acc 2.08.09
Shift Acc (9-35) Rt 2.08.11
2.06.01 - 2.08.39

Turn on ov. Tgr

-d Laod

=
-d o

=

4
r4

-

n_n.gi.

IS

IF ACC & MQ SIGNS ALIKE

MQ 9 - ACC 33

IF ACC & MQ SIGNS UNLIKE

COMP MQ 9 — AC

.

ADD | — Fac

IF ACC & MQ (i) UNLIKE

L

2, 08, 12

£ 3 2 08 12

=

mn__

L

sSusTRAaCT

IF Fadc = 0 (T, ON)

B2y FROM Cacc

n

iF(9) OV OCCURRE
ADD i YO Cac

p

ualNG ADDITION
& SHIFT Facc RI

OF ONE TO Facc
BHT | PLACE.

1

9 ov

ACC 9
ON ACC RT 2, 08,

IF ACC P O

yTPUT

I
g
n

FIGURE 63-24. FLOATING POINT ADD INSTRUCTION + 0300
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bring multiplicand
to SR.

Stg Bus to Stg
Reg.
E7 (D1)

Y
Put 2710 in
S hift Reg.
E9 to CT2

and MQ Signs

Minus to Acc (5]
Minus to MQ(S)

E11 (D1)

Alike

Go to ER time 1st
step to set character-
istic.

CsR - 128
to Acc.

4
CmQ to SR

- 12810 + Cpmq
to Acc.

Step Tally Ctr.
ER11 (D1)

time and step to
MPY fractions

i
IMPY Fapq by
FSR.

A
Acc (Q-35) to
Adders.
ERO (D12)

SR (9-35) to
Adders.
ERO (D12)

Adder (9~35)
to Acc.

ER4 (D1) &
ER10 (D1)

4
Shift Acc (9-35)
Rt. Shift MQ Rt.
Step Shift Ctr.
ER5 (D1) & ER11

CYCLES I, E, ER.
FMP  +0260

l FMP

to
=0

Normalize an

place ones to

Adder (Q-8)
ERS (Dé)

[Adder (Q-8) to Acc.

Shift Acc (9-35) Lt.
Shift MQ left.
ER11 (D1)

UFM ~-0260 : :

End
Oper

Step Tally Ctr.
ER11 (D1)

y

Go to | time for
zero test.

Sub 2710
from CAcc.

June 24, 1958

FIGURE 63-25.

Zero
test FAcc

#0

Y
Put difference
of CAcc in
CMQ-

FLOATING POINT MULTIPLY INSTRUCTION

60~29



60-30

Clear Acc Reg (S, Q-35)

2710 — Shift Counter
Drop Hold on MQ (S)

Minus — Acc (S)
Minus —MQ (S)

Stg Reg (1-8) —» Adders
One to Adders Q, P, 1
Adders (Q-8) —=Acc.

MQ (S, 1-35)»5tg Bus
(&g Ry

us —= Stg Reg (1-8)

Stg Reg — Adders (1-8)
Acc (Q-8)—Adders
Adders (Q-8)—=Acc
Step F.P. Tally Ctr

Acc (Q-35)—Adders
Stg Reg (9-35)—= Adders

If MQ 35 = 1; Adders (9-35) — Acc

Shift Acc (9-35) Rt 2.08.11; Shift MQ (1-35) Rt 2.08.16
Acc 35—=MQ 9 2.08.45; Step Shift Counter 2.08.34

Ones —eAdder (Q-8)
End Opn. Control
Step F.P. Tally Ctr

| I | Ry | ERgsrERyy|  ERis L
2.03.06 __ 1 | 1 l
3.05 — | | l
2.08.18 J-lﬁ l ‘E

\F ma & SR StENS UNLIKE | * :
2.08.14 | | 'a
2.08.24 ‘ % “
sUBTRACT 1284 FROM Con 1‘
2.08.05 — | !
2.08.43 N i ‘
2.08.09 r N | ' ;
| DD Cory & Cappe-128 |
2.08.27 lt__r—\__ ‘
2.08.01 IS b E_— '
2.08.05 —
2.08.06 i ™
2.08.09 | M4 mocrieey
2.08.47 % s DR
2.08.06 Ka .
2.08.05 it )
2.08.09 P R
I PP B
B B |
2.08.43 ‘ | I e
2.08.31 | | H‘J—_—L—
2.08.47 i | n

Shift Acc (9-35) Lt 2.08.10; Shift MQ Lt 2.08.17
MQ (9) >~Acc(35)2.08.12; Adder (Q-8) —Acc Reg 2.08.09
Comp Acc (9-35)—=Adders 2.08.07; Carry—=Adder(35)2.08.08

True Acc(Q-8) —=Adders 2.08.06; Comp 32g — Adders (Q-8) (Q-3, 6&8)

Adder (1-8)—MQ (1-8) 2.08.46

Reset Acc (Q-35)—+2.03.06

FIGURE 63-26.

IF F

NORMALIZE ONE PLACE IF ACC (9)= 0
‘SHIFT ACC & MQ LEFT - SUBT | FROM Cpcc

FLOATING POINT MULTIPLY INSTRUCTION + 0260

SUBTRrCT 27,9 FROM Cacc

|

|

|

! ACC = 0. OR UFM PUT
l DIFFERENCE IN MQ
'\

1

ERO FROM FAcc

|

NORM MODE

Facc mn =0

June 24, 1958



CYCLES I, E, ER...ER

| time of FDV, FDH.
Reset Shift Ctr.

June 24, 1958

FIGURE 63-27. FLOATING POINT DIVIDE INSTRUCTION

Reset Tally Ctr.
Turn T1 on. ——;
o to E time to R:ducﬁo; cycle é:d ]28'}& fs(:lm
P T - CC*
obtain divisor. Acc = FSR oM.
! [Add C '
Put 2710 in Step Tally Ctr. Yes SRfo ~Ace
Shift Ctr. mon & put sum in
E9 to CT2 CAcc-
I No
Divisor to 6o to ER time Turn on mas- [Adder (9-35) to /
Shift Ctr and step Shift ter stop Tgr. Acc. ecomp Faccd
E7 (D1) g to MQ 35.
Y
ReEs9et m)Q Complement Go to next |
Acc time. Y
v l Shift Facc left. v
Shift MQ lift.
) to MQ 031 Will quotient Step Shift Ctr. Sub 2710
If signs unlike. need normaliza- ER5 & ER11 from CAcc-
E11 (DY) tion?
Prepare for divide] l
Chk test. Yes  [Shift Acc ’
Shift Acc (9-35) (9-35) left. Shift Ctr Ecn;;e
MQ (1-35) right
E1l (D1)
No
\d \
Go to ER time Adder to Acc One to Acc Step Tally Ctr. Tfur: onPOhV o
15t step. (Q-8) 35. ER11 (D1) IF Acc T has
output.
4
Comp Acc [Q-3
fo Adders. Go to next |
ISR (1-35) to Ad- time.
Hers. ERO (D4)
Y Y
urn T1 off. Step Shift Ctr Make last
Reset 9 carry Tgr. twice. reduction.
ER6 (D1) ER5 & ERI
Y
Turn on divide Sub Cgg from Step Tally Ctr. Yes
check Tgr. CAce ER11 (D1)
ER5 (D1)
No
Y
Zero test Facc: ] Adder (9-35) to
»|Carry to Adder |— GI% to ER time Acc.
35. ER6 (D4) 37 step. I to MQ 35.



2€-09

8861 ‘pg ounp

15t STEP 2nd STEP 3rd STEP 4th STEP
1 CYCLE E CYCLE ER1 CYCLE ERp CYCLE ER3 CYCLE ER15 CYCLE ER14 CYCLE
Primary Oper (24) 3.10.01
Stg Bus = Stg Reg 2.08.01 eron [
Clear MQ 2.08.18 ooy 1
Set 271 in Shift Ctr 3.05 el Leo
Adj MQ (5) 2.08.24 e 1)
Shlft Acc (9-35) & MQ (1-35) Rt
2.08.11, 2.08.16 Acc (35)=>=MQ (9) 2.08.45 £l (D)) WILL QUOTIENT BE EQUAL TO OR GREATER|THAN 2
Comp Acc (Q-35) = Adders2.08.07 ERO (04 Iﬁ(m)l |n (04 l e on l I RECOMT Tage
TESTFACC
StgReg(9-35) = Adders 2.08.05 ERO (D4) ERG (04) 3D sTEPR Yero o0 L
Turn on Divide Chk Tgr 2.06.05 ERs (O1) l-l NO (5) CARRY
Turn off T1 2.10.02 ens @1 | Lo canny
Shift A -35) &MQ(=-35LtM
'I’ 22& )08 10, 085)]7'2 08.12 Ers (D1) H RESTORE Faco ERIL (mJ ERS gnl]l I _swgm
Reset 9 Carry Tgr 2.06.02 ER6 (D 1) n
Stg Reg (1-8) = Adders 2.08.05 ERé (D4) 1 | ER4 (D2) I I*"" Ssn TO|Cacc
Carry ~ Adder(35) 2.08.08 Ers 00 | l

Adders (Q'S) - Acc 2.08.09 ER9 (Dl)l I 208, “Ln ER9 (Dmno 9 | CARRY sSuUM CIN cACCnENS(ILI)n ER9 (D1)
Adders (9_35) - Acc 2.08.09 :oo:_ ::Anﬁv 1 hIF NO SIM (8) CARRY J ER4 (DI) H [ LI (mﬂ n €q3 m::ﬁ (D) REEOMP Facc

Reset Acc (S) & (Q-35) 2.08.13, 2,03.06 emio @) ] 17 Fhccmo (CoL () canmy)
Step FP Tally Ctr 2.08.47 ERI1 (D1 ERI1 (DD Erit (D1
Acc (Q-35) = Adder 2.08.06
Carry = Adder 8 2.08.44 ere 00y o]
2hlﬁcAscg gga‘%ghzfoaé?.%ngs—’]'V ERI1 (D1) 9 CARRY nliﬂs (-1} ERLI (D1) m
CcC itt t

Step Shift Ctr 2.08.34 ERS (D1) I |Eml (ol)r ERS (D1) H ERII (DQH ERS gnlzl I

True Acc (9-35)— Adders 2.08.06 3RO grep [P | l

One = MQ (35) 2.08.20 ir o siselce) candy Lemeon | Lekee (o M M

Shift Ctr =0 3.07 ]

One—Adder (1) 2.08.43 Add 2008 in CAcc P

PR 3)—MQ(1 &2 0846 ™

Adder Put Sumin CMQ £r3 (1)

Qe s 123,00 cen T
End Operation 2.08.31 o [ jFace o swirrcra o L

FIGURE 63-28. FLOATING POINT DIVIDE INSTRUCTION + 0241



704.64.00 1/0O TO CPU DATA FLOW

MF PANEL 4 (DISTRIBUTOR)

MQ 35
__________________________ -y
/ I
Lo
cF CF OR THY Write
l l I Left
§ s[@| AnD AND
o~ W 1
S iz S R Reont
pr' 24 Sle w ead Left I_lg
2% A
=l.8 <]z E Z |
E |8 E|S
K E' a Sla| Te THY Write
o £l= o= Right
___ o= o ®
4 LOGICAL DRUMS
P ER DRUM FRAME CARD READER
o
o™
&
oz
TAPE CONTROL sl 2
UNIT S CARD PUNCH
@)
o 8 & -
ko) kS S ‘5
o 33 3%
o R S W o
™ oL P4 - o
&b - > © 2l 3
= f o F 3 <2
L
- [+
8 3 9 °
c R > [-4
< =l 2 ®
8 | & PRINTER
3 o
3 g
$

June 24, 1958

FIGURE 64-1. INFORMATION PATHS BETWEEN THE MQ AND THE I/O UNITS
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60-34

+55 volts

Read Left 51,2 MQ 35
or Read Right
Pulses MCB
‘ I/O Buses
AND ReudJ k*Wnte Write
" Thyrarrons
‘ 5.12.01
Tk Read Key
Triggers Write Left or
Read O o |72 Write Right )
Brushes 5.12.01 Pul = Caic Exit
(80) ( (72) vises Left or Right
Card Calc entry
Reader Left or Right Print Entry
Print Echo Exit Hubs (120)
(120) Print Magnets
(120)
MCB Echo i PUNCH ENTRY
Contacts
4 vol (120) Punch Magnets
+40 volts
+40 volts (80)
CARD PUNCH
FIGURE 64-2. CARD MACHINE INFORMATION FLOW
Card
Reader Tk 2 " W
¢ "Words", (72) "Word 36
CcB Confrglled AND
"Word"
Sec8 Vol 4 5.12.01
Indicates ll Copy
junction at .
Printer CB Signal Reset Rd. Left, Rd. Right AND
CB Signal ard Read
Set o MQ
Control Write (and MQRI
. Control
Pulse Gen or) Dis- o
i MQReg
connect 5.11.06 MQ Reset .
5.11.01 5.11.03 5.10 2.04.01
85 96
cP33 89 CFéb— crag %4 105
CF34 79 89 CF47 82 92 CF5i 91 101
8 98
Set g Sh—— 8 CB Signal Set & 9 crao® 9
Note: Timings for "5" row, Model Il

FIGURE 64-3.

CB & Tgr Reset 9v4——-—9-|8

LOGIC FLOW OF INFORMATION FROM CARD READER TO MQ

June 24, 1958



s 35
Magnetic Core Storage
s 123 1 18 20|21 35
Storage Register
|
| | |
QP 123 56 1011 17] 21 35 3 17
Adders Ind. Reg. A,B,C,
]
[
6 17
Adr. Sw.
1 1
STT l 9110 13|14 1
Ingt, Reg.
I. OP
DECODER
Y
SEC. OP
DECODER
CLASS UNIT SEL
DECODER MATRIX
‘ —
CLASS SEL. UNIT SEL.
I/O SELECTION " carp MACH.
INTERLOCK SEL. & DISC.
¢—| READ / WRITE DRUM SEL. -
EXEC. TIMER
DISCONNECT
SYNCHRONIZER TAPE CONTROL UNIT
SET 1/O INTLK
RESET /O INTLK

FIGURE 64-4. SELECTION OF AN |/O DEVICE

June 24, 1958 60-35



PRINTER

l + 55
CF Came

v

CF 35
M00o4
B354

O

Latch At
3450

t
|
f
i
|
]
|
1
|
PR Read Sel |
5.01.03 THY !
|
{ Earliest Diconnect At Write
| Left Time of 9 Row (Approx. 7°)
I
: 390 [\
! Prepare to Read
|
I
l
|
|
|
|
|
|
PR Write OR THY |
e |
5.01.03 i
|
: 387 | —e~_s
{ Prepare to Write
1
|
| CARD PUNCH
'l +55
[ Q[]- P Cams Latch
1 P33 - O at 13.5
I M14.9
( Bl14.2
CP Write Sel 1
5.01.03 THY ,
- |
| Earliest Disconnect at Write
| Left Time of 9 Row (Approx. 12.05)
|
, B L e~
1 Prepare to Write
]
! CARD READER ‘,7——-1 +55
I . CF Cams Latch
[ O at 330°
| CF 44
| Moos
CR Read Sel B 347
501.0 |
01.03 | THY |
1/0 Sel 1 | Earliest Disconnect at Read
5.01.05 } Left Time of 9 Row (Approx. 11.5°)
|
; 19 .
. Prepare to Read
FIGURE 65-5. CARD MACHINE SELECTOR (5.01.06)
60-36
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S MQ 35
6 o 36 6
\ |
TK d AND |— Write THY
l Left Right
CF I
—1 OR
—| |__
CF g K ~|AND  H Write Left THY
Q 1ght
2 Y ?
™
]
gl &
| § s
A3
> -
&
W
PRI
— A L Bl 9 A
PRINTER D Bl I B S IR CARD READER
2 5 5| 2 29
& AR
M BEEEE +55V
Prin?(Echc)) N I I e
Exit (120 RS o1 I I I
Calc Entry '% % % % —3 —’:
Left (5-35) U U a| U] Y1 U Caic Entry
Left (S-35)
® ® ©® Ay
v
——.—-‘
® @ ;
Calc Entry Calc nhZ
Right Right (S-35)
- (5-35) [ O
O y. -
CARD PUNCH + 55V
— l
O Print Calc Exit Calc Exit Punch O
Entry (120) Left (S-35) Left (S-35) Magnet (80)
- T &350 Magnet (
i 0 —
Calc Exit Cale Exit [ S {
12 nghf (5-35) nghf (5_35) s

June 24, 1958

FIGURE 64-6. CARD MACHINE READING AND WRITING DATA FLOW
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PA PA PA PA
Sw. 5R
Contli. o
1/O (5-35) 1| Main
CF T [1AND | AMP
ZE ’ Drum Read Sample
To M-Q
170(5-35) l AND PCF wd e l
lq AND > PCF ™ Wd

Drum Write Sample

60-38

FIGURE 64-7. DRUM READING AND WRITING DATA FLOW

June 24, 1958



Storage

Register

11828

35

\ / \ /
(SR (28-35) on
N -
[ 3.06
-
INST. REG. SHIFT V1 CWR
T 1
x xxix x| box fx xiox| o X
12 314 5{6i7 8 9f10 11213]1415 1617
\ /\ /\ /\ /
Y A
Pri Op Sec. Op Class Unit
Decoders Decoders Address Address
Decoders Decoders
3.10 3.11 5.01.01 5.01.02
Pri Op Sec Op Class Unit
7,6 0,2 3,2 0,1 /0 £
Sel .
AND CF44
k‘
AND > AND 2 Class 5.01.05 ‘_Ol;
Selector
] +55
3.1 5.01.03 __A C.R.
T h MY Select  Thy
Ao (d1
o (d) AND 5.01.03 O
19—Ccn 3.05 } * Turned on By .
- Any 1/
L Reset 1/O ny 17Q Oper
_ Intlk )
*
) or /o tntlk On _
1/0 Intlk Tgr 5.01.04
1/0 Intlk Off AND T
ER2 (d1) ;
5.02 5.02 \ | OR Read Cards
Turned on by any
5.11.05 read sel inst.
Ao (d1)
- End Op
. AND f AND |—— T
ER Time A]O(d‘)
2.08.31 8.05.01 8.05.01
AND Reset EOR/EOF j
Ad (d1) Intlk  ER4 (d1) .
5.02 | Time
AND
A6 (d1)
Set 1/0 Intlk ) 8.05.01
AND
A6 (d1) ERé6 (d1)
5.02
FIGURE 64-8. LOGIC FLOW OF 0762 RDS...0321]

June 24, 1958
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0%-09

8S61 ‘¥g aunp

Inst. Ctr. to Adr. Sw.

Adr. Sw. to Adr. Reg.

Adr. Reg. to Stg. Adr. Reg.

Adr. Reg. to Inst. Ctr.

Stg. Adr. Reg. to Stg

Stg. to Stg. Buff. Reg. to Stg. Bus

Stg. Bus to Stg. Reg.

Reset Inst. Reg. (S-9) off

Reset Shift Ctr. (10-17) On

3.40

3.42

1.01.01 & 1.05.03

3.20.02

1.01.08 & 1.05.04

1.03.01

2.08.01

3.01

3.05

SR (24-35) to Add (6-17) to Add Sw.2.08.48 &3.40

SR (S, 3-11) to R (5-9)
Oper Decoded

Inst. Ctr. Adv.

Go to ER Time

Adr SW to Shift Ctr
End Opn (Rd/Wr}

Reset 1/O Intlk.

Set 1/O Intlk.

Set Class & Unit Sel Tgrs.
Turn on Rd/Wr Tgr Light &
RSl Thy O 8

End Operation Tgr

3.00

3.10

3.20

8.05.01

3.05

5.02

5.02

5.01.03 & 5.01.05

5.01.06
8.05.01

) 12 Ig lg Ig hho ERj0 ERy ER4 ERy  ERg ERyp 1o 17} 14 ls 18
TR T T T T T O O A I I A Y N A A Y A N S N
I CTi0 —elg ] I
A0 (D) ._l
A2(D1)
[1 (I
13 (D1)
1 1
13,8 ——=15
1 [ 1
r_l MA, (DD DELAYED |, 2US J_1
Iy (@)
1
ts (1) [—l_
g —l1y
1
1g—=CT)
1 I
Lo (BD)
11
[tio=1g PRI OP 7.6 SEC+ OP 02 |
J—l“ (o1)
I—_—_———I g TO cT;
112, (00, 3)
[ ER: ‘D
ER, (D1) l I
ERg (DI) I I
J ON UNTILL A MACH, DI!Sq, PULSE RECEIVED
JCONDUCTS UNTIL PLATE |CKT BREAKS
I ERjg TO I6 r THYRATRON PICKS RI9 I.___.—

FIGURE 64-9. SELECT READER 0762 RDS. ..0321

RISA PICKS RI
RIBU PICKS CARD FEED CLUTCH & CARD
READER STARTS A FEED CYCLE.
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| ER !
3.10.01 | 1 Operations Decoded
3.06 I 361——Shift Ctr.
5.01.01,5.01 Jo2 I | Class Decoder, Unit Select Matrix
5.02 Foe R/W Exec. Cntl. Tgr.
5.02 Ml ¢ 0l Set 1/O Interlock
- DISCONNECT
5.01.03,5.01 .05 | Turn On Class and Unit Select Tgrs.
1
|
|
5.02+5.06—42.08.3} End Operation Cntl
|
1
: DISCONNECT
5.01.06 | Bring Up Cntl. Grids of Pr. Wrs. Thy.
! 3as
H 348
|
! - PRINT CYCLE >
1
cd3s & R387 PREPARE TO WRITE (15B) 4 3sa
290
387-4 R442 DRIVE CLUTCH RELAY (aA) 4 Cr29
4428 o R44! IDLING CNTL. MAGNETIC CLUTCH 40V SECONDARY BUS 4
wz AL R23P o, AUTO sTART (4A)
R338H % cr o2y
CAM LUTCH MAGNET
CHANGE TIME scm.:"’-”———-& CR 26
R447 [P PRINTING ISOLATION CTNL (SA)
CRI o}
3is
— faaly 4 cr 30 | or DISC.
3t
R439 WRITE TGR, RESET CNTL, (358) 'r,cn 30
i
R444 PRINT THY. PLATE CNTL. (5A)
pse )4 2 ca SIGNAL TGR RESET FOR 9 (ONE FOR EACH DIGIT TIME] (158)
‘Hlo CB SIGNAL SET FOR 9 (STARTS WABULATOR WRITE LEFT WRITE RIGHT)
€ ’—'I3 WRITE 9 PICK PRINT MAGNET (CONDITIONS PLATE OF THYRATRON)
353  PRINTING ISOLATION RELAYS (5A) 199 CFIS OR DISC
400 MILLISECONDS £

FIGURE 64-10. WRITE PRINTER 0766 WRS. ..0361

159 oF
NEXT
cvcLE
(CR 25)
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CB Signal Set

Read Left

-Read Left

Recd Left

Caid Control MQRI
Asynchronous Tgr T-06
Use T-04

Clear MQ

1/0 Bus ——— MQ

Reset Asynchronous Tgr T-06
Reset Use Tgr T-04

Card Copy Proceed

Copy Proceed Trigger
On Copy Proceed Trigger
Or to Execute Time
Cony Read

Stcre Control

MQ (S, 1-35)—

Stg Bus (S, 1-35)
End Operation

43

m
o~

E
8 10 0
t 1 t

R ER ER ER

o
4o

o
o m
S m

+& m
4o m
©
=

4o —

4o —

4o —

Jo -

T

o

5.11.01
BRI TURNED ON AT EACH CARD ROW READ TIME

fi,)l,OZI

sous

50 Ys

50 us

souS

1 A3(DI1}

. [ AS (D17 & T-06

Iu (o

5.10 [ e o & uee

5.10 [ LAt ause READ INTO Ma

5.10 [~ o) a use

S I T
5.11.06 S S mmmmmryy o —
5.03.04 [ Laew
5.03.04 ﬁum«cn ON BY FIRST ERS (Dij AFTER COPY PROCELD TGR ON
TURNED OFF 8Y A2 (DI)

5.03.02 I P |
5.03.03 | T L
1.04.05 B comv mEAD 1
2.08.27 [ e oo cl_coey nean
2.08.31 | T o0 )

The | time of a copy instruction is the same as the | time of a RDS. When
the main frame goes into ER time no end operation can be brought up so the
machine hangs up in ER time of copy waiting for the CB signal set pulse
generated during o reader feed cycle.

FIGURE 64-11.

COPY INSTRUCTION FOLLOWING RDS 0321
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copy .
Read Cards line

als that info is read
{nto the MQ.

No

14
aiting in ER

iime for a RD

left pulse to be

Heveloped.

there a Card

FIGURE 64-12.

Cpy Proceed?

On Copy Pro-
ceed gates go to
E time.

info into core Stg from

Copy read store
control

E0 (D2)

\
CB Signal Set
Pulse (12-20)

for a nine.

Y
ead Left pulse
benerated about
120 usec after
wabulator set.

i
Card moving pasH]
reading brushes .
Any 9 holes are
read (9-16°).

A
Rise of Read Lt
pulse gates MQ
control read in.

Y
Rdr timed to MF
so MQ is reset
& read into at
ER1 1/O to MQ

Y

On fall of Rd Lt
the MQ holds 9

row of card info

On Cpy Proc gated.

Write control is
brought up in
Core Storage.

A
MQ to Stg Bus|

E6 (D4)

\
et Buffer Reg
grs at E8 with

b Rl sample.

Y
tore word in
Core Storage.

End
Oper

Go to next |
time.

COPY FOLLOWING RDS 0321

0766WRS........ 341
time o
ket Inst address
into Shift Ctr.

Go into ER time
to reset interlocks &
tart the selected 1/0O
unit.

y
eset for EOR/
EOF Intlk.

ER4 (D1)

Y
Set 1/0 Intlk

ER6 (D1)

\
Set class & unit se-
lector Tgrs.

Turn on RD/WR se-
lect light.

Fire Select thyratron.,

michonigal
punch or print
cycle.

Y
Prepare I /0 Write relay
R33 is picked.
R33 Pts pick R10 R274
& Select Light.

A

R10 Energizes the motor

heavy duty & punch clutch
elays which cause a feed
yele.

R274 Pts closes the plate Ck
f Calc Exit thyratron.

FIGURE 64-13. WRITE PUNCH RECORDS 0766WRS -0341
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Printer started b
la WRS inst be-
ore the CPY.

Y
Master CB makes
inprinterfora

nine. 6-to 15

Y
CB Signal Set
starts wabulator
to generate
Write Left pulse.

v

Write Left Fires the

36 Left Write Thy to
send word to printer
through the 1/O bus

& then to the print Magn
in the printer.

Y
Card Copy Proceed
is gated & Sync
copy proceed Tgr is
turned on.

-

Y
| time of Write
Copy.

Write Cards
brought up.

Y

/GTFJER

time to bring us
Copy Proceed

On Copy Proceed
is used to send machine
to E time

ER8 (D4).

Copy Write to
Gate SR to MQ .|
EO (D12)

AS to AREO(D1)

AR to SAR E2 (D1)
Stg to SBR to
tg Bus.

[
Stg Bus to K.
E7 (D1)
SR to MQ.
E11 (D1)

4
MQ loaded by
copy Tgr.

E1l to 111

A

Go to ER time where Info
is taken from the MQ & writ-
ten by the printer.

1
idle time
waiting for
printer to write.

S

_~""there a Car

FIGURE 64-14.

v Copy Proceed

COPY FOLLOWING WRITE SELECT 0361

it a Copy Inst?

No

June 24, 1958
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ERo0 ER; ER4y ERy ERg ERjg Ep Ey E4 Es Eg Ejg ERy ERy ERg  ERy lo 12 14 lg
e -
5
Copy Proceed 5.03.04 I " |__rumneo orF av 4, (B1) & on copy PRocE:D ‘c
-

On Copy Proceed 5.03.04 [ e s (08) ]

Go to E time 5.03.02 | ON copv PROCEED 1 §

Copy Write 5.03.03 [ cvime & corv |

Set Stg Buffer Reg 1.03.01 PP A e ———
Stg Bus to Stg Reg 2.08.01 5 oo [ ‘o

Stg Reg. (S-35)—> MQ 2.08.15 snen || g

MQ Loaded By Copy Tgr 5.03.03 [*n 0 & corv wrire ourie 1

Go to ER Time I €g >—CT, I_('('

THE MACHINE THEN HANGS UP IN ER TIME OF COPY UNTIL CB SIGNAL SET PULSE IS GENERATED DURING PRINT CYCLE,

CB Signal Set 5.11.01 | B SIGNAL ST TURNED ON EACH INDEX TIME
Write Left 5.11.02 [ A — 1
-Write Left 5.11.03 1 sous |
Write Left 5.11.06 ] sous b |
Dist. Thyratron Fired & | 1

Print Magnets Energized 5.12.00

Card Copy Proceed 5.11.06 o usec ss L

Copy Proceed Tgr. 5.03.04 FALL OF WRITE LEFT I I Ay, (D)

On Copy Proceed Tgr. 5.03.04 TURNED ON BY F128T ER, 0D!) AFTER PROCEED I l OFF BY A (D1)

End Operation (Copy 5) 5.03.03 I |

Exg  (D6)

End Operation Tgr 2.08.31 . | =R o0 16 @D

FIGURE 64-15. COPY FOLLOWING WRITE SELECT PRINTER
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Cpy. Decoded

Card Copy Proceed
On Copy Proceed
Go to E Time

Copy Write

SR—>—MQ

MQ Loaded by Copy 5.03.03

Write  Printer
+0766 .0361
! ER ER E ER'|s \\ ER {
3.10.01 L
5.03.02 1
5.03.04 imi } /
5.03.02 M
5.03.03
- PRINT CYCLE 2
2.08.15 Ein OD
i LK}
\ |
345 358 2
|_’H CB SIGNAL RESE[T
Time change . o
— ce diGNAL SET
E . 15 MASTER CB 9 [IMPULSE

I5OU$ WRITE LEFT
S. 1t, 06 r—l CARD COPY PROCEED (8 US:C)
"
5. 03. 04 J- l SYNC, COPY PROCEED TGR. ON
8 2

Lﬁ..ﬁ__—___j_'_l._.wwﬁ)

10 6
5. 03. 03 j I END OPERATION COPY WRITE
TIME RELATIONSHIP
1O OF PRINT CYCLE = (.| MILLI-SECOND
1 MILLI-SECOND =1000 MICROSECONDS (USEC)

=85 BASIC MACHINE CYCLES OF I2 USIZC DURATION

FIGURE 64-16. COPY INSTRUCTION AFTER WRS 0361
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CB Signal Set

Write Left (Without Copy)

Disc. Sync. Tgr. On 5.09.02
Disc. Tgr. On  5.09.02
Reset 1/O Intlk. 5.09.02

Reset 1/O Intlk. Reset 5.01.06
R276 Disconnect (88B)

R275 (Opens CB Signal Set)
R273 Disconnect Control

R31 Delayed Disc.

R34 CB Signal Tgr Reset Cntl. (8B)
R274 Punch Select Cntl. (8B)

Isolation Relays (8B)

/L

1L

e

rJam

(THIS CB SIGNAL SET DOES
NOT GET TO THE MAIN FRAME,
ONLY USED TO FICK R31,)

TO

ta. 2
L

-

TO 13.4
ed

]

|

| ]

\y 1
\ (THIS DELAY ALLOWS
ONE RESET PULSE
TO GET THROUGH

TO MAIN FRAME, )

24— -——-——T1-T—

[

FIGURE 64-17. DISCONNECT FROM CARD PUNCH

B e ————

RS
o
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704.70.00 MANUAL MACHINE LOGIC
704.71.00 CLOCK AND CYCLE TIMER
In this section all the manual logic and logic that can be manually controlled is
covered. Also any item that does not seem to logically fall into any other category

is found in this section. Two of these items are the clock and cycle timer logic.
The card control circuits are also covered here as well as some of the key routines.

70-2 June 24, 1958



SYNC SYNC Master Inverted
OSCILLATOR
GENERATOR AMPLIFIER Sync Line
CLAMP CLAMP Master Inverted o
GENERATOR ] AMPLIFIER Clomp Line
CLOCK
DRIVE »|  DELAY
PCF LINE ‘]
0
CLOCK |
2
3
| 4
- | 5
o] CLOCK DRIVE RING DRIVE 12-STAGE 6
INVERTER TRIGGER LESLIE I
. 8
. 9
A RING 10
. N
Invert Indicators Drive Line >
- CF Shift Ctr. Drive Line >
CF

Tally Ctr. Drive Line

\

FIGURE 71-1. PRIMARY DRIVE CIRCUITS

June 24, 1958 70-3



Pluggable Unit Col. 5 6 7 8
Arithmetic Column 2 3 4 5
—{ Dsr »| Dsg Dsr Dsr nia
| Pacc Pace |« Pacc Pacc  |o]
D D D D
.| Pma MQ MQ ) MQ
 S—
lsy Isy Isy lsy
E let leL > oL leL
l—-> CFel — CFsy CFcL CFsy
|

INVERTED SYNC.

)

INVERTED CLAMP

)

)

o) b

70-4

FIGURE 71-2. ARITHMETIC COLUMN UNITS

0.5Em
INVERTED SYNC
PULSE

INVERTED CLAMP PULSE

0

«0.3 psec—»f

.5 Em

~—

Less than or equal to 0.1 usec

E, =48V

‘0.15}.!555

Epn= 40V

June 24, 1958
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| Time
AND

E Time

S
AND

ER Time |
AND

T Go | Time
X 16 (D1)
A10 (01) E.O.P ( |
—_—_—
AND
EQP. Cntl J
T
Reset X
| OR AND > | C.T. -AND =<]-—
-4 ” .
AO (D1)
Go E Time AND
B
T, X
R T
g - K]
R3NP FAND
N c
OR AND | AND L
R 1 R 8 ) ,‘ " —
IR 2 AND
IR_3 N 19 CT1 -,
P } —
ER
-AND
E9-CT2 J—> i
Inst. Reg. End OP AND Go —»ER Time
Trg. OFF R L
AND
F
« T
+F—cr. entt
B -AND
G
X ! Set Cycle AND |
YC
MSTR STOP Timer AO (D1) H

FIGURE 71-4. CYCLE TIMER AND CONTROL CIRCUITS




704.72.00 CARD CONTROL CIRCUITS

CB Signal Set } —
CB Signal Set Tgr N [ T '
- Ring Set
ing ———l .
| I } 1 f 1
Read/Write Pulses Ly f 55 J e J‘ 1 1 i . L NOTE
| L(——sn usa’c —g— 750 US —»' : i
' —r——
Odd Ring Drive ! l::oo uszc—-»— Hf ‘-_1:_-_.‘____”__'___ﬂ
| 1 1
Even Ring Drive —_— *_:__’—_‘ V—v——L——“-_‘i_J—"‘ ‘F_—L__-‘
L /

Note: Wabulator Pulses Continue Until Next CB Signal Tgr Reset
: . FIGURE 72-1. CARD CONTROL PULSE GENERATOR (WABULATOR)

i i | 1 '
: . b
| . L
s 08 T : - L 2
i i b v
: | : ! Il ! OPEN RING
TS 06 —_——] | v + T T STOPS AT
| ! | 1 i 1 H L THIS POINT
] i ) ' 1
Tg 04 | '. i -
b Lo P Lo
! 1 i 1 | [ : !
Tg 02 - L T I N S
\ | 1 | : | ! i
! , | i Lo ! i
| 1 '
Write Left 1 L - -
' ! 1 H | 1
| ! ! ! 1 !
1 ! ' '
Write Right g1 - : ‘:
b b
Read Left _I1 ': E
1 1
i
Read Right I l
The Card Control Ring stops even though the "Wabulator" continues to run.
The Card Control Ring can only be started after - Ring Set.
FIGURE 72-2. CARD CONTROL RING (5.11.02)

June 24, 1958



8661 ‘$g ounp

L-0L

CB Signal Reset

CB Signal Set

- On End of CB

T04 (+ On Read Time)
1507

106

T505 (+ After 4 CB)
T508 (+ After 8 CB)

- After 4 CB

- After 8 CB

- After 12 CB
Write Cards (ano ckT a)

Read Cards 5.11.05

4

9 = 2 TIME

JRORIURY S U E N N PPN S S R

FIGURE 72-3. CARD CONTROL CB COUNTER

(AND CKT E) Il~—i2 TIME

LI LI L
N ISy BN

(AND CKT F)

(CB COUNTER

CANNOT BE STEFPED

AFTER THIS POINT)

o

i—tmi2 TIME

<

(AND CKT C)

7 ECHO—-| ECHO



704.73.00 KEY ROUTINES

/O Unit Ready

Push Load Button 4.19 - R 10
R54-4.19

R3 Puts Copy in Op Panel Keys 4.01
Load Button Key Trigger 4.19

Load Tr Ctrl Trigger 4.19

R55 Kills Op Keys Except Copy 4.19

Reset 1/O, EOR/EOF, Copy Check, Blown Fuse, Halt Ctrl H (E) [ ]

Reset Inst Ctr, Adr Reg, SR (9-35) & Clear MQ
Set Cr Read Sel Tgr Causing Feed Cycle 5.01.03

Set 1/0 Intlk 5.01.04 & Read Cards 5.01.05
Load Ctrl Trigger 4.19

Unit Sel™1 Tgr 5.01.05& Sel Thy 5.01.06 On until Disconnect M (L)

Op Panel Ctrl Tgr 4.05.01

Master Ctrl Tgr 4.05.01

Master Stop Trigger 4.05.04

Ready & Auto Light 4.05.04

+ On Ready 4.19 Kills Pick of R54 (C)

I/O Cycle Timer Trigger 8.05.03

Op Panel Key to Stg Reg Supp Stg Bus to Stg Reg 4.17
Copy in Stg Reg

Stg Reg (24-35) to Add (7-17) to Adr Sw 3.40

SR (S, 3-11) to Inst Reg (5-9) 3.01

Copy Decoded & Executed Waits for 9 Row Left & Then
9 Row Right to be Read into MQ & Stored at 0000 & t
Inst Ctr Adv 3.20

Second | Cycle
Reset Inst Ctr
Add 1 in Adr Reg
Inst Ctr to Ads Sw

Next Instruction taken from Stg 0000 & Executed Killed on 3rd | Cycle

—
D@, [
@y ]
F_(E)__F‘ " | I4 (DI)
c@®m I .
LE
JE® [
K [
L@ 1270
[
N [ lrees
o () [ law
F o) Lar
Q () |
R (P) |
s (P) l
T (S) 19 o0 | ] s n] ]
u ™ B
v [ Jreroe [ |
w 110 mm I 1o (onﬂ_l
he)r(\ 0001' J..—_"——l J—”_-I
Y i e oo ||
z 1 L
a 17 on][ Lo en][ |
b 17 oof |
c I 1 B

d

=

Note: The load cards button was pushed once; the card reader is taking a feed cycle; row 9 left is read into
storage position 0000; row 9 right is read in storage position 0001, the machine has transferred to
position 0000 of storage and is executing the instruction located there.

FIGURE 73-1.

70-8

LOAD

TIMER

June 24, 1958
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‘F

!
| 4.21 Display Effective Address Button
| 4.21 Display Effective Address Key Trigger

L
{F
3 A0 AIII IAO lAlllAD Alll 4.21 Display Effective Address Trigger

2.12.05 RX Output

..
T

:

A6 (D4P

[5,]

2.08.50 Carry 1 Adder 17

o

2.08.49 XR to Adders

2.08.48 Storage Reg (24-35) to Adder(6~17)

@

3 40 Adder to Adder Switch

o

2.08.28 Adder Switch to Storage Bus (21-35)

m N o
I N O N
[ I R O

10 2.08.01 Storage Bus (18-35) to Stg Reg (18~35)

Note: Tag bits are lost after first A9 (D1).

FIGURE 73-2. DISPLAY EFFECTIVE ADDRESS

A

7 '_—I
ENTER MQ BUTTON 4.03
ENTER MQ KEY TRIGGER I 4.03

ENTER MQ CONTROL TRIGGER

A6 SD‘! l I OP PNL KEYSK STGIREG :‘ I | 2!08 '26
¥
o sTe rREG —e| mMa § I l 2.08.15

FIGURE 73-3. ENTER MQ

-
-

L L L
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