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SUBJECT: THE MIC SERVICE MANUAL

To:s MIC Personnel and MIC Users.
From: H. L. Ziegler

Date: 15 April 1957

Information about the Memory Test Computer and its use is being
compiled in the form of a loose-leaf binder to be called the MIC Service
Manual. When complete, this manuel will contain 2ll the information nec-
essary to the operation and maintenance of the Memory Test Computer.

As stated in the Foreword of this manuel a loose-leaf and
highly-~sectionalized format wes chosen to simplify revisions and thus
help ensure up-to-date informetion. An additional advantage gained by
this format is that individusl sections or subsections may be issued as
soon ag they are ready without waiting for the entire manual to be com-
pleted.

Copies of completed sub-sections will be distributed to all
MIC personnel and to any other interested personnel. The effective date
for #he information on any page appears in the upper left cormer of
that page. If "privete" files or manuels are kept the individual ub-
sections should always be checked as being up-to-date before they are
used. Such checks may be mede by comsulting the MIC Office, B-155 or
by consulting one of the officlal copies as listed in the Foreword to
the manuel. In special cases one of the two MIC Office copies mey be
signed out for short periods to aid in such checks.

I A supply of individual sub=-section copies will be maintained
in the MIC Office, B-155. These are available on request for study pur-
poses or for use in submitting corrections, additions, and general com-
ments concerning the MIC Service Manual. Under no circumstances may
changes be made in officisl copies except wher done by the MIC Office.

H. L. Ziegler

HLZ:sc
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MIC SERVICE MANUAL

INTRODUCTION

: The MTC Service Manual is intended to satisfy the need for
quick access to information about the Memory Test Computer and its
use. Though written primerily as a reference text it should be quite
helpful to those wishing to learn the computer system. To this end

it has been organized into a loglcal progression from simple operating
instructions in the first section, through detailed equipment des-
cription in the central section, to advenced design ideas in the final
section. Information included in this manual is intended specifically
for the Memory ‘Test Computer; more general information may be found in
publications listed in the individual section bibliographies.

It seems desirable at this polnt to reassure the casual reader
about the task of learning the Memory Test Computer and its use.  This
isn't quite the formidable task that the size of this manual might
imply. The detalled information presented here represents the com-
bined efforts and knowledge of a number of persons no one of whom pro-
fesses to know all areas in detail. In fact, one of the primary reasons
for this manual is that of relieving the individual of the necessity to
learn the entire computer in complete detail. The reader is advised
to concentrate on acquiring basic principles while leaving details for
future references to the manual. In this manner he will soon acquire
sufficient knowledge of the computer for day-to-day needs while also
acquiring the knowledge of where to find the details when réquired.

Present day digital computers represent a very real achieve-
ment in the electronic art. Anyone who has serviced radio, television,
or radsr can appreciate the operation and maintenance problems associated
with & system containing thousands of vacuum tube circuits. To add
further complications - beyond increased complexity - computer circultry
- demands reliability far beyond that previously required of electronic
circuits. For example, the basic 2MC Pulse Repetition Frequency (PRF)
used in MIC is roughly equivalent to the carrier frequency of the standard
broadcast band for commerical radio. Considerable noise and static can
be tolerated in radio broadcasts; MIC requires every pulse to perform
correctly. Only through very careful and well coordinated design; main-
tenance, and operating procedures has the necessary high degree of
reliability been achieved.

Extreme attention to detail extends beyond the physical equip-~
ment to documentation, scheduling of time, preparing of tapes and IBM
cards, and other incidentals of this neture. It is to assist in these
- areas that Section 3, Records and Procedures, has been inecluded.

The Service Manual consists of three major parts, each having
a specific aim. The first part is made up of the first three sections
and portions of Sections 4 and 5. This part of the manual is intended
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for those persons who program end use the computer but do not need
"troubleshooting" knowledge of the physical equipment.

Except for Sections 30 and 31, the remaining sections are
devoted to detailed descriptions of the computer and its external
devices plus certain programs of special interest to the MIC Section.
This part is intended primarily as reference material for technicians
and engineers directly concerned with the troubleshooting and main-
tenance of the existing equipment:

On the other hand, Sections 30 and 31 are devoted to developing
better methods and techniques in the computer art. In some cases
materisl presented here applies to new design work rather then to
existing equipment.

Quarterly area assignments for MIC techniclans are based on
some sections of this manual. Lists of general type questions have
been prepared to determine how well the section assigned has been
learned. These lists have been included with the appropriate sections
for other readers who may wish to check their own progress.

In a compilation of this magnitude there are bound to be
numerous errors in spelling, grammar, and factual material. Also, in
the ever-changing environment of MIC portions of material originally
correct become obsolete and need to be replaced. Maximum value of the
Service Manual will be realized only if such errors are corrected as
quickly as possible. Readers are requested to assist in making these
corrections by reporting immediately any errors they detect. All errors
should be reported to the MIC office, B-155; under no circumstances
should corrections be made directly in official copies of the MIC
- Service Manual.

No doubt there are also omissions - unintentional. - of material
that would be of considerable use to the MIC Section and to users of the
computer. Increased use of this manual will help to point‘out these
onissions. Suggestions for additions and improvements to the manual are
always welcome. Please call them to the attention of the MIC office.



FOREWORD

The MIC Service Manual is the primary and official source of
information about the Memory Test Computer and its use.

The following copies are designated. as "OFficisl Copy" and
are not to be removed from’ the assigned araas. On.l,y agprovad changes
and corrsctions may be mad@ %0 these copiem and Bueh. changes will be
made automabically by the MIC office. :

Serial No. Asgigued ’w: : Loestion
# Section Leader RPN B-155
#2 Asgistant Sectlon Lea.,der B-155
43 NTG Office : B-155
4, WG GEfice B-155
i MIO Gonsole o B=1.5h
: Technioizns B-~164

Official coples of the MIC Ssrvice Mamual are intended to
serve ag refersnce texts =---- £or other purposes individual sections
of the manual are avalleble from the MIC office. These individual sec=
tions ghould be used for study puxmma@ﬁs amd f@r ﬁubmi%ing any pmpﬂmd
change or correction to the m&mwl . T

A loose-leaf and highly @@cui@mlimd. ;t‘omu was chosen b0
facilitabe correctlons and additions %o the manval. Normally such
changee will af'fect only one or two pages and there should be no had-
itation in making them. Each page is dated to permit checking thalb it
is the labest version of that pags. Sugge;sbions for correctlons,
changes, and addibionﬂ ah«:mld b& afabmimed. to “@h& MIC Office, B~155°
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MIC Service Manual, Section 1

OPERATING THE MEMORY TEST COMPUTER

Power and Air Conditioning
Panel Memory

Alarm Suppressior;

Pushbutton Controls
Photoelectric Tape Readers

The Soroban Punch and The Flexowriter
IBM Card Machines

Magnetic Tapes

Special Video Switches
Display, Light Gun, and Camera
Auvdio Equipment

TV Input

Marginal Checking
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POWER

Power for MIC is obtained from transformers at the end of
Building B Basement and is distributed through the breakers in the wall
just outside room B-Ohlt, The breakers are labelled "MTC: B-154" and
"MTC: Alternator Power". . .

There are thfee broad classes of power used in MIC:

Computer Room A.C. is used to heat the vacuum tube
filaments and operate blowers and the drum motor in

the computer room, B-154. Although it is drawn through
the breskers in the hall opposite B-051, it is usually
controlled through the main breaker in the distribu-
tion box to the right of the duty technician'’s desk in
the computer room (B-154).

Power Supply A.C. is used tc heat filaments in the
power supply room B-051; if the breakers in the hall
and B-051 are on, this A.C. can be controclled by push-
buttons on the MIC console or in the frame to the left
of the distribution box in the power supply roocm.

The above two classes of power are scmetimes lumped
under the term "Filament Power".

D.C., sometimes called "Plate Power", is used to keep
the electrcdes of the vacuum tubes at their proper
potentials and to provide the power from which the MIC
pulse signals are shaped. The various voltages are
cbtained by carefully rectifying, filtering, and vol-
tage-regulating A.C. obtained through the breakers in
the basement hall and those in the power supply room
A.C. distribution panel. If both these sets of breskers
are on, plate power may be. controlled by pushbuttons on
the MIC console and in the frame to the left of the dis-
tribution box in the power supply room B-05Ll. Circuitry
for the production and control of most D.C. is located
in the power supply room; however, supplies delivering
=TKV and +3KV to the display system are located upstairs,
in the T-frame to the right of the camera oscilloscope.

Power Cn is the state of the computer in which all three classes
of power are applied. It may be reached from Standby by pushing the
"Power On" button on the MIC console; after a five-second warning signal
frem the buzzer, the variocus D.C. supplies come on in sequence.

The Standby state has two defining characteristics:

Both computer room A.C. and power supply A.C. are on,
and all filaments warm; and D.C. is off but may be
turned on at any time; that is, any fuse alarm or
tripped sensitrol has been rsset.

It is the state into which the machine is commonly put fpr ser-
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vicing and may be reached from the Power On state by pushing either the
"Standby" button on the console or the opne in the power room. The
significance of the term "Standby" is that the computer, while inopera-
tive, is all warmed up and. can be.put into operation quickly by turning
on D.C. with the "Power On" putton on the console. There are pilot
lights on the console to indicate the Power On and Stan@px states; each
is located near the appropriate pushbutton°

Console Power Control Panel‘

Near the "Standby" and "Power On" buttons on the power supply
control panel of the MIC console is a "Power Off" button; this removes
power supply A.C. but not computer room A.C. To.regain power supply
A.C. one must push "Standby". An automatic two-minute wait is allowed
for the power supplies to warm up before the Standby state is reached,
and the "Standby" light comes on. To the left of "Power Off" is "Reset",
which must be pushed when power has.been shut off by a Sensitrol (see
below). There are five pilot lights labelled with various voltages
from the powey supply; their order, from left to right, is that in
which the varjious D.C. supplies are turned on by the control,clrcuitry.
The "Fuse Out”, "Alternator Power", and "Emergency A.C." pilots are ip-
operative. Of the two pilots labelled "Filements: the upper one burn§
when computer room filaments are on, while the lower one indicates that
filaments in the power supply room are on. The large red pushbutton
labelled "Emeggency ofe" - ogens the main breekers in the basement hall
opp081te the power supply room, hence turns off all power. It should
be used only in case of emexgency such as fire or imminent electrocu-
tion of persognel. The small circuit breaker below the "Emergency Off"
button interrupts power to the relay circultry controlling the power
supplies. The "Emergency Oﬁf" "Power Off", "Standby", and "Reset"
buttons are duplicated on the.panel to the. left of the breaker panel in
the power supply room.

Automatic Shutoff:

~ Two occurrences, both automatic, may turn D.C. off. The first
of these is caused by the Sensitrols. These deyices monitor output
voltages of the D.C. supplies, and if one should deviate 5 % from
the specified value, all D.C. will be turned off automatically ..
light on the panel will K indicate which power supply yvoltage was at
fault and whether it was high or lowo After the cause of the fail-
ure has been removed, pushing the "Reset" button on the power supply
control panel will restore the computer to the "Standby" state.

The second occurrence which may cause D Co to be lost is the
blowing of a fuse. Most MIC fuses are located on Power Distribution
Panels (PDP'S) and ate of. the "grasshopper" type. When such a fuse
blows, the melting wire releases a spring contact which touches a
bus on the fuse mounting block. This action completes. a circuit
which turns off all D.C. supplies and sets off the Fuse Alarm; the
fuse alarm light on the control console comes on, and the affected
PDP is marked by a light to indicate where one should look for the
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blown fuse. After the fuse has been replaced, the "Reset" button on the
PDP must be pushed to get the light out and return the computer to the
Standby condition, from which it can be turned on again. Since a blown
fuse which fails to set off the fuse alarm results in one of the most
subtle of all ailments to troubleshoot, care should be exercised in re-
Placing fuses to get them installed properly.

Failure of either power supply or computer room &.C. will dump
D.C. (see Interlocks).

(

Interlocks:

To protect circuits, MIC is wired so that the voltages must be
applied in a certain order. To begin with, the breakers in the basement
hall outside B-051 must be on before anything will work. Then the main
breaker in the power supply room B-051 should be closed. Thereafter
the_ small breaker on the MIC console will turn on power for the indica-
tor lights, and for the relays controlling the power supply. At this
point the "Normal A.C." and "Power Off" lights should be on. Computer
A.C. can now be turned on with the breaker to the right of the duty
technician’s desk, and Power Supply A.C. by pressing Standby. The loglc
of the circuitry is as follows:

l. [The Standby light will not come on until all three of the
following are satisfied:

a. Power Supply A.C. has been on for at least two
minutes. o

b. Computer Room A.C. is on.

¢c. If a fuse has blown or a sensitrol tripped, it
hags been reset.

2. D.C. cannot be turned on unless both of the following are
satisfied:

a. The Standby light 1s on.
b. Computer room filaments have been on for at least
15 seconds.

Although Computer Room A.C. and Power Supply A.C. are indepen-
dent, failure of either will turn off D.C. , :

The kilovolt supplies for the oscilloscopes may be brought to
Standby without bringing the whole computer to this state by means of the
power switches on the supplies; however, they will not go on unless their
switches are turned to on and the +90 volt supply is on to the rest of
the computer. These supplies are connected to computer room A.C.
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Normal Turn-0Off:

1. Push "Standby". All D.C. power supplies should go off,
‘and "Standby" light.should be on.

2. Push "Power Off". All lights should be out except "Power
Off" light, the "Normal A.C." light, and the upper "Filements" light.

3. Turn off the main breaker to the right of the Technician's
desk. The upper filament light should be out.

k. Turn off control power breaker on MIC console. All con-
_sole lights. should be off.

5. If work is to be done on the power supplies, turn off the
main bresker in the power supply room.

It is not necessary to turn off the main breakers in the hall.



6-27-57 C 1-as5

Normsal Turn-On:

1. BSee that the following breakers are on:

a.) Two in the basement hall outside the power supply
room.

b.) One in the power supply room in the A.C. distribu-
tion panel.

c.) The small control power breaeker on the console.

d.) One main and 12 subsidiary breakers in the panels
to the right of the Technician s desk in the compu-
ter room.

The "Power Off" and “"Normal A.C." lights on the console
burn when breakers b.) and c;) are on. )

The upper "Filaments" pilot, and the computer room fila-
‘ments come.on when breskers d.) are on. -
: 2. Push "Standby". The lower "Filaments" light should come
on. The "Standby" light should come on after a two-minute wait.

© 3. Push "Power On". After a 5-second signal from the warn-
ing buzzer the five power supply indicators should come on in sequence
during sbput a 3-second interval. The "Standby" light goes off.
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AIR CONDITIONING

MIC makes use of components that are sensit:ve to heat and
moisture in the air; in addition, cards and magnetic tape stored in the
computer room may be demaged by moisture. Hence it is necessary that
both the computer room and the power supplies be air conditioned to pro-
vide adequate cooling and ventilation, and to control relative humidity.
To give an estimate of the magnitude of this task, it may be stated
that during an air conditioning failure on & summer day the machine over-
heated within 15 minutes and had to be shut down.

MIC personnel should never make any adjustments of the air
conditioning system. In the event of emergency, or- to repert need of
routine service, call: e

During working hours Frankfﬁnlhdllani' B-Oh1 X460
Bt night and on weekends Mnin'guard &éﬂk in'Bnilding A X397

The guards can locate Hulhollani or the metiber of hil crew on
duty. See discussion below, under what to do Ahoat Alarms.

General Description:

In B-150 there is a large box called at "air handler" with
cooling coils, heating coils, and & blower. The exhaust from the blower
is carried through ducts to various parts of the computer wher& it can
be directed by means of louvers to areas which need it most. fThe air
then returns to B-150 through filters in the computer room wall, to be
rechilled, mixed with fresh air from outside, and recirculated: The
equipment in the power room (B-051) is similar to that in B-150 except
that it has no heating coils since heating of the power room is never
necessary. Cooling is provided by water chilled at the power house and
supplied to MIC at a temperature of about U5 degrees. Heating coils
hardle steam from the same source; heat is normally required ohly in
very cold weather or on humid days when air must be chilled below the
devw point to dry it and then rewarmed to the proper duct tempetrature.

Controls:

The steam and chilled water are controlled pneumatically by
temperature- and humldity~sensing-elements on'the computer. room wall to
the left of the T-frame. With these sensors are some pressure gauges,
and, to the left, an alarm panel. There are two sensors in thé power
room to the right of the doors: a pneumatic thermostat for controlling
the cold water supply, and a "Differential Pressuretrol" which sets off
the Water Pressure alarm if the pumps forcing chilled water to circulate
through the cooling coils should fail. Admission of outside alr is con-
trolled by a damper in the window of B-150 whicp is shut electiically
when the room becomes so cold as to endanger the cooling coils from
freezeup. On the wall by the window there is a switch controlling the
demper motor. When it is in the "up" position the damper is normally
open, but under automstic control as asscribed, when it is’ “dpwn" the
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damper should be closed. The damper is open when the rotating arm on
the motor shaft points away from the window, and is closed when the arm
points toward the window.

Although no one connected with MIC needs to tamper with the
air conditioning system, the following description of switches, gauges,
and alsrms is given to aid in Judging whether it is working properly.

rtehes:
A, In B-150

1. Room lights: on the air handler Just to the left
of the door as you enter. '
2. Water pump motor: on masonite wall to the right,

) . Just above the pump. There is an Allen-Bradley
circuit breaker and an On-0ff motor control switch,
with a 3-phase fuse box and master switch directly
gbove. The fuse box cannot be opened unleas the
master switch is off.

3. Blower motor: on the tile wall to the left, beyond
the air handler. There is a Square-D eircult breaker
and motor control switch, with e 3-phase box and a
naster switch directly above. The fuse box cannot
be opened unless the master switch is- bff.
4. Outside air demper: toggle switch on the Masonite
: -wall to the right of the window. When it is "up"
g F .7 'the demper is normally open and under automatic
control; when it is down the damper should be closed.

B. In B-051

1. Room lights: on cinder block wall to the left of
the door.

2.  Water pump motor. "On wall benind air ‘handler.
- There is an‘Allen-Bradley ‘cireult breaker and motor
~ control switch, with a fuse box directly above.
3.  Blower' motor: on back of air hendler. There is a
Cutler-Hemmer circuit breaker and motor control
switch, with a fuse box and master switch below.

A1l these switches should be left on at all times. If trouble
in the air conditioning is suspected, these swiﬁches should be checked.
If it is recommended by the air conditioning crew, operation of MIC may
be attempted with one or more of these switches off while maintenance of
the air conditioning is in progress. In this case a brief explanation
should be entered on the "Live Messages" board.

II;;Gaugesg

A. In B-150 (similar gauges perform corresponding functions
.in B-051)

1. Chilled water temperature at input to cooling coils.
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Should be about 45 degrees Fahronheit.

2. Chilled water temperature at outlet of cooling coils.
Should’be about: 53 degrees Fahrenheit.

3. Chilled water at pump input.

Should read the same as 1, about 45 degrees
Fahrenhei't.
(Gauges 1, 2, and 3 are ordinary capillary thermometers set
_into the pipes.)

4. Chilled water pressure at circulating pump input.
Variable, but should be around 60 pounds per
square inch, gauge. _

5. Chilled water pressure at circulating pump output.
Should be about 4 pounds per square inch above
input.

6. Air pressure in building supply-

Should be about 30 pounds per square inch gauge.

7. Control air pressure et output of reducing valve.
Should be 15 pouﬁds per square inch gauge.

(Gauges U4 through T are ordinary Bourdon gauges.)

B. On Sensor panel in B-15kL

1. Branch Pressure. This is the output of the humidity
sensor, and varies up “to 15 pounds per square inch,
gauge. The higher it reads, the greater the humidity.

2. Pilot Pregsure to Cooling Valve. 'This reading should
be equal to the g greater of Branch Pressure and Pilot
Pressure to Heating Valve. If it is less than 8
pounds per square inch gauge, the chilled water is
completely .shut off; water flow increases with )
increasing pressure between 8 and 15 pounds per
square inch.

3. Temperature Controller Branch Pressure. This is the
output of a sensor on core memory, temperature. The
lower it reads, the warmer is the memory stall, and
the greater will be the output of Pilot Pressure to
Heating Valve. ' v

4. Pilot Pressure to Heeting Valve. This is the output
of the duct temperature sensor, and .the pressure
should increase with increasing temperature¢ Steam
flow to the heating coils decreases with increasing
pressure (hence with increasing temperature) between
0 and 8 pounds per square inch gauge; above. 8 pounds
per square inch the steam is shut off.

1

There is a mercury thermometer hanging in the core memory

stall, which usually reads 80 degrees or less Fahrenheit. Another one
hangs in CO31, Control Switch and Power Cathode Follower Panel; the
normal temperature is somewhat higher, perhaps 85 degrees.

The output of the humidistat (Branch Pressure) should be about

8 pounds per square inch- gauge when the relative hnmidity is 50% and- the
\temperature about 70 degrees Fahrenheit,-~
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Although the outputs of the two thermostats (Temperature
Controller Branch Pressure and Pilot Pressure to Heailng Vaelve) very
oppositely with temperature, each should be about 8 pounds per. square
inch when its bulb is at the temperature to which it is set.

Note thet when the duct air is cool but the computer room
air is moist, both the steam and the chilled water may be on. This is
normal, and means that the system is trying to dry the air by cooling
it below the dew point and then rewarming it to the desired duct

temperature.

TII. Alarmsg

D.

Indicator lights for these are on a panel to the left
of the T-Frame in B-154, together with & warning buzzer.
The buzzer may be suppressed by thrcwing the toggle

‘switch marked Buzzer to the Up position,: but any alarm

light will stay on, and the Buzzer Off light will come
on. Buzzer suppression should alw always be recorded on
the "Live Messages" board. Since the alarms are con-
trolled by "fail safe" relay circuitry, an alarm may
mean only a defect in the circuit° ‘

Woter Temperature

This alarm goes Off when the temperature of the

 chilled water supply. rises ghove 51 degraes Fahrenheit.

o

Roam Temperature B-150

This alarm goes off when the tempera%ure in the
alr handling room B-150 falls low enough’ %o rigk
freezing of the cooling coils. Besides giving the
alarm the circuitry closes the outside air damper 1in
the window of B-150.

Airflow Basement and Air Flow lst Floor. These alarms
are controlled by tnermally operated switches in the
ducting of the power room and of B-150 respectively.
The alarms are tripped when air flow decreases below
a certain minimum level. -

Control Air Basement and Control Air lst Floor. These
alarms go off if the ouvput of the reducing value
in either the power room .or B-150, respectively, falls

much below 15 pounds per square inch.

Water Pressure. This is actuated by the "Differential
Pressuretrol" in the power room, and goes off when the
difference between input gnd .output pressures to the
cooling coils becomes too small either in the power
room or ip B-150. If improperly adjusted it may go
off on a hot day Jjust because the water control values
are wide gpen.
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What to do About Alarms: 'Any alarm is an incident and should be
logged. An alarm that does not necessitate shutting down the computer
will usually not be reported to Frank Mulholland until the next day
if it occurs outside of regular staff hours; however, any behavior of
the system that is not understood should be reported early in the next
regular workday and should be noted on the Live Messages Board in the
computer room. Any condition that requires curtaiihment of operations,
or any obvious melfunctioning of the air conditioning equipment, should
be reported immediately to Frank Mulholland, via XU60 during staff hours,
or via the guard's desk in Building A (X397) at other times. If, at
any time, 1t is suspected that shutdown may. be necessary in the next
15 to 20 minutes, report it immediately.

The decision when to shut down MIC is simple: shut down
when it overheats. If the magnetic cores in core memory get much
above 90 degrees Fahrenheit Core Parity alarms will occur; before this
happens, however, the computer room will become increasingly stuffy.
Specifically, turn off D. C. and A. C. whgn the memory stall ther-
mometer reaches 90 degrees Fahrenheit, or the one in CO31 reaches 100
degrees. If one understands the air conditioning system one can
usually make an intelligent guess about the serliousness of a disorder;
for example, failure of the steam supply or of one of the circulating
pumps might not cause overheat, whereas failure of chilled water or of
control air almost certainly would. The duty technician should be
able to anticipate need for shutdown in time to dump core memory
(probably onto tape) and record the readings of the program counter
and such other registers as the programmer msy specify; preferably he
should summon help in time to have a member of Mulholland'‘s crew on
hand before it is necessary to turn off the computer.
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PANEL, MEMORY

Panel Memory consists of a baunk of toggle switches on the con-
sole, and a plughoaxd beneath the comsole. Taken together they meke up
field O of the MIC memory. The functicns of the toggle switches and of
the plugbosrd sre discussed balow.

Toggle Switchas

There ars 32 rows of toggle switches near the center of the
MIC console. Esch row has 16 switches, corresponding to the 16 charac-
ters of an MIC word; there is also a 1Tth switeh, at the right-hand end,
which may be ueed to subsbitube a 16 characher £flip-flop storage register
(called IR-1) for the toggle-switeh register®. The toggle switch regis-
ters are used for short specisl prograng, for starting long programs, or
for entering consbants inbto 8 progrem after the program has been "read
in" or stored in some other pazt of memory. For example, a user of MIC
nmight ingtruct the compuber to deliver the enswers t0 a problem on cards
if a. certain switch in panel memory is up, but on magnetic tape if the
switch 18 dowm.

Both the quantity storsd in an MIC register and the name of
that registsr are usually given in the octal number system; to use the
machine one must be familiar with octal notation. The symbols G through
7 retain their usual meaning in octal, but 8 and 9 are never used; thus
8, 9, 18, 19, etc., cannot occur in a list of octal nuwbers. Tachniques
for converting frcm octal to decimal mmbers and back again will be dis-
cusged later (Seetion 5). To operate MIC cne must only know how to
store cctal numbers in the switches and resd them from the lights. It
is custcmary in every day speech to name the two states of a switch "
and. "off", but in compuber parlance it iz simpler to name theze states

"ope" and "zero" ("1" avd "0"). An MIC panel memory switch is in the
"L" state if its toggle is up and is in the "O" state if its toggle is
down. A bit is the fundamental unit of information. A storsge device
1ike a smtch; which is in cme of two positions, is sald to store one
bit. It takes three bits, (for exemple, three switches),to represent
one octal character; the folluwing cowmspondence » Which will be ex-
plained la‘b@r, should be mc.nm:ﬁr':i.:aezcl° '

Switchas Octal Charagter

000
001
010
OLL
100
101
110
111

SO FEWND RO

A ¥ A "register" is any d.evme capable of’ storing a numbsr. (usually in
bingry form). ’
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The MIC toggle-switch registers are numbered in octal from O

to 37. The 16 switches of each register are arranged in 5 groups of
three with an etched vertical line on the panel sepasrating adjacent
groups. The extra switch is at the left, and is called the "zero" column.
The remaining columns ere numbered from left to right, in decimal, fram

1-15. The lone switch in the zerc column cbviously can store only "O"
or "L"; it is called the ,"sig bit". If it iz in the "O" state the num-
ber is positive. If it is "1", the number is negative. -Programmers
occasionally insert a . "decimal" peint in a number; it belongs between
columns O and 1.,

Now we can write octal comstants in panel memory. A few ex-
amples are:

Octal Number : MIC Code
0.27546 0 010 111 101 100 110
~l.34521 1 011 100 101 010 001
450 0 000 000 100 101l 000

An MIC instruction is usually written a3 a two- or three-
letter code followed by a four-character cctal number, for example cs S5e
The letters stand for a set of 5 binary characters and are written in
panel memory with switches O through 4. Thus when the word to be written
is an instruction, only the two low order (right-hand) switches in the
second octal digit (that is, only columns 5 and 6) ere available to rep-
resent part of the number. Hence the numerical part of an instruction
must always be less than 4000 in cetal notation.

There is no easy way to remember the instruction cod.e. Users
should be very familiar with the insiruction list posted on the operat-
ing console. Referring to it, we can see that the following exe examples
of correctly coded instructions: ]

Inst.

, =z
- INSTRUCTION Gode | cebel fumber
es 45 0 101 00 000 100 101
o 3472 1 011 qll 100 111 010

The rules used in constructing the ta_ble are: if fewer than
four octal characters are given after an instruetion, the characters
given are to be pleced in the low-order (extreme right- columns and pre-

ceded by zeros; for the purposes of reading the numerical part of an
instruction, column b ig always resd as zero, and only columns 5-15 are
read. v

. A word should be said about the most frequent use of panel
memory. The "start over" button on the operating console causes the
computer to take its first instruction from register O of panel memory,
but programs ususlly begin in core memory. Hence the first few regis-
ters of panel memory usually must contain instructions which transfer
control to the start of the actual program. The programmer will usua.lly
indicate the starting address with the number 1 or 2 followed by a dash,
followed by an octal number betwesn O and 3777. The 1 or 2 should be
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made the number part of an gof instructicn in register 0 of panel memory;
the following octal number should ba the numerical part of a tro in-
struction. Thus, if the directicns with a program are “"Start at at 1- L
the following should be S@t up in ths panel memory switchss:

Registor Instruction MIC Colds
0 gof 1 1 010 100 000 000 001
1 tzo b7 1 000 100 000 XC0 111

Simple programs may bz zet up snd run directly from papnel mem-
ory without preparing any tapes. The weitsr of programs for this purpose
nust remembsr that the conbents of & toggle-switch register cammot be
changed by the coomputer. However, thers are five "live registers" made
of vacuum~tube [lip=-flops refsrrad to a3 IR-1, IR=2, « « » o , IR=5,
which may be wade part of pansl mamory. IRl may be substituted for any
toggle=-switeh register by putting the exbrems right-hand (seventeenth)
switch in the "up" position. Any of the live registers may be substi-
tuted for & plugboard register by a proper insertion of plugwires;
hence the wrlter of prograns for psmﬂl mamory has abt his disposal five
registars capsble of storling numbars compubed during the running of a
problem, ‘

The Plugboard

The rameinder of ficld 0 of msmory, regisbers 40 - 77 (octal),
is on a plughcard--essentially a largs plastic matrix which supports
contact points. When ths piugboard is irserted in its recspbtacle these
contacts protrude oub the back of 1t and complete certain circuits in-
pide the compubsr, much asz the toggle switches do. The plugboard recep-
tacle ig under the operabing table direstly below the console oselllo-
scope. To remova e board, pull down and oubt on the receptacle door.

The plugboard is now revealed, and may be lifted up and out by the hendle.
The only thing to rsmember about lossrting beards is that the locating
ping on the sides go at the botbtum, so that the wires are out and the
contacts in; ths plugbcsrd mey be pushbed pearly into place at the top,
and, if the pins are propsrly lecabsd, clesing the deoor will loek 1t in
place. When you lay a ;plugb@wml d@ma do 1b only on a flat sprfaﬂe» free
of other objects; or, betber yeb, pub it in the rack for spare plug-
boexrds beside the me@pfﬁa@leo Bolts, uuts, and books under a plug-

board will push the plugwires pesrt way cub and make for uncértain con-
tacts.

The purpose of & plugbvakgd. wemory 1s semi-permsnent storage of
programs such ss the paper tape read-in and test routines, which are 32
or fewer instructions long and are used very often. The button "Start-
at-40" will cavse MIC to take ite fiwst insbtruction from the first plug-
board register. The most freguenbly wsed programs are left plugged up
on spare boards; folders conbtaining programs for all MIC plugbosrds have
been filed in the cowpuber room apd in the MIC Office.

An MIC plugboard has 64 rows of boles, & pair of rows for each
register. The cctal number (name) of Ghe register appears to the right
-and midway betwesn the two rows of b@lﬂs, A3 in the boggle switches these
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rows have vertical lines setting off the high-order (extreme left) pair
of holes, then dividing up the others into five groups of three. To
insert a "1" at a certain position, plug in & jumper wire between the
pair of holes in the proper column. The numbers are coded in octal in
the same way that toggle switches are, with three columns of holes for
each octal chaeracter. The correspondence is, "1" is represented by a
jumper; "O" by no jumper. The 17th and 18th holes in the top row of
each register must be connected by a Jjumper, to connect that register
to the computer. Any of the live registers can be substituted for a
plugboard register by connecting a jumper from the 18th hole of the
register to one of the holes at the bottom of the plugboard marked IR-1,
c0oes, LR=-5, There is a set of holes for IR-6, but LR-6 has not yet
been built and its use should not be attempted. The four sets of holes
at the extreme right of each plugboard register have no function in MIC
and should not be used.
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ATARM SUPPRESSION

Alarms are indications of conditions existing inside the com-
puter; the machine stops, and a light on the Alarm Indicator Panel comes
on to show why the step occurred. Directly below the Alarm indicator
Panel is an Alarm Suppression Panel. Switches snd switch-position indi-
cator lights are arranged to line up with the corresponding alarm Indi-
cator lights above. In general, to suppress an alarm is to prevent the
circuitry from stopping the computer when the condition is detected.
There are three types of alarms: +those which occur normslly and are
programmed, those due to errors on the part of the programmer, and those
designed to indicate machine malfunction. The classification is as
follows: ‘ ’

Normal Operation Programmer Error Malfunetion

Identity Overflow Drum Parity

Overflow Caxrd Copy Tape Parity

Programmed Tape Not Ready - Core Parity
Drum Timing
Card Copy

Except for the drum parity alarm, all alarm indicators to the
left of the console, just under the "Automatic Memory Display' panel,
are associated with the programmer, while those to the right (just to
the left of the bookcase) are related to computer malfunction and norm-
ally are handled only during troubleshooting. A progremmer should
specify the desired settings of all alarm suppression swrhches on the
left hand panel before his program is run.

Identity

The instruction id, occurring in a program, causes the machine
to compsre the number in the partisl sum register with one stored in
memory. If the numbers are equal, nothing happens; if they are unequal,
the machine will stop and display the blue light labelled "Identity"
provided the "Stop - Don't Stop" switch directly below is in the "Stop"
position. If the switch is in the "Don't Stop" position, inequality will
result only in a skipping of the next instruction in the program.

When the switch is in the "Don't Stop" position, the stop-on-
inequality feature may be invoked by a pf !_g instruction in the program,
and cancelled by a subsequent pf 5 instruction; when the switch is in
the "Shtop" position these pf instructions are overridden and have no
effect. '

Note that the program must call for a comparison.

Overflow

When a sum or difference computed by MIC is greater in magnitude
than O.7TT77T7 octal, information is lost because the machine cannot store
such large numbers. Unless the following instruction is one which clears
the resulting overflow condition (to, sr, mh, or et) the computer will
normally stop, give a chime, and light the light labelled "Overflow".
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The stop, chime; and light may be suppressed by throwing the associated
suppression switch to the "up" position, but this has no effect on the
internal state of the computer. If the instruction following the one
on which the overflow occcurred causes another overflow, the computer
may stop in an alarm condition but with the overflow light off. The
overflow check is unlike the identity check in that it occurs automati-
cally.

Programmed

One version of the gof instruetion will, besides its normal
functlon, stop the computer in an alarm condition unless the Programmed
alarm 1s suppressed by throwing the associated suppression switch "up".

Carxd Copy
| | This alarm may be caused by card machine malfunction, but is

more likely to be caused by violation of one of the restrictions on use
of card machine:

1. Exactly 48 words must be punched onto or read from each
card.

2. Having read or punched one word on a card, the mschine
must receive an instruction to read or punch the next word within a few
milli-seconds. The exset time lepses allowable are given in the dis-~
cussion of the card eguipment. -

Tape Not Ready

This alarm is given when an instruction cccurs to write on, or
read from, an improperly loaded tape unit. The Tape Bypass switch is
inoperative, ‘

Parity

With each 16-bit MIC word is associated a 17th bit so chosen
a3 to make the total number of "1's" odd. If a 17-bit word with an even
number of "1's" is detected; the machine will stop with an indication of
core, drum, or magnetic tape parity according to where the erroneous
word was discovered. This is almost always a sign of melfunction; and
callg for troubleshooting. These alarms msy be suppressed by raising
the switches; but to do so deprives the prograxmer of any check on the
correctness of word storage.

Drum Timing
. This alarm indicates that the c¢lrcuitry used for loceting posi-
tions (registers) on the surface of the drum is out of step. Provided

no instructions referring to the drum are given in the progrsm, this
alarm may be suppressed until time is found to repair the drum cirecuitry.
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Drum Motor

This alarm, end the associated switch labelled Drum ags, are
inoperative. , .

Fuse

Most MIC fuses are of the "grasshopper" type; that is, the
fusible material is under tension. When the fusible material melts
(when the fuse blows) a spring contact 1s released which touches a busbar
behind the fuse panel. This completes a circuit which turns off all D.C.
and sets off the Fuse alarm. The Fuse alarm, obviously, cannot be su-
pressed. ’ _

Suppress Chime

This switch, in the "up" poéiﬁion, prevents the alarm chime
f;:om ringing, but affects the alarm eircuitry in no other way.

Inactivity

This is not really an alarm; that is, no cirecuitry is set up
by it which must be cleared before proceeding. However, the Inactivity
light and elerm chime will be given whenever the circuit detects no
pulses during an interva.l of time longer than that required by the slow-
est instmntion.
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PUSHBUTTON CONTROLS

] Benesth the toggle switch panel of Panel Memory is a panel

containing nine pushbubtitons which are used to operate the Memory Test
Computer. Next to them are toggle switches used to turm the computer
room lights on and off. Therae follows s bmef deseription of the
actions of the various pushbubtons.

The buttons and their funcbions, resding from left to right,
are: Start Over, Restext, Stop, Start at 40, Stcp Reader, Clear CEC,
Clear Alarmg, Deselect Magnetic Tape and Camera Index.

Start Over

This button clears the arithmetic and control ciréuitry of
MIC of all numbers left over fram & previcus problem, sets dertsin con-
trols to sbarting positions, end sbtarts the computer at the instruetion
in register zero of Panel Memory. If the program tc be performed has
‘been stored elsewhere than in Panel Memory, the first registers of
Panel Memory should contein gof and tro instructions to transfer control
to the register wheve the program actually begins. Start Over also
clears all alsrms which may be set. ‘

Restart

This bubtbton clears the alarm sircultry bub causes the compubter
to continue from the point where it wes last stopped. The srithmetic
cireuitzy is left undisturbed, and, if the compuber is stopped in the
middle of asn instruction, the ccmpubter finishes it and then continues.

Stop

This stops the compuue.eo Most circuits of MIC are so designed
that it is always safe to sbop; thabt is, eny operation than cannot be
interrupted will be completed before the "stop" signel takes effect.
Thus one can usually take up where he lsft off by pushing "Restart".

The exceptions to this rule are the in-pubt equipment: photo-
electric tape resder, Flexowriter, Sorobasn punch;, card reader, Drum
Memory, and Magnetic tape units. Pushing Stop during an instruction
affecting one of these units msy or may nobt generste an alsrm; in any
case it is probable that the instruction has nobt beer correctly per-
formed, and that one must Stexrt Qver or @@nsult with the programmer for
a sultabl@ startg.ng poinl;o._

Start at 40

Like Start Over, this bubtbon clears contrel; alaims,, and
arithmetic circuitry, sets certain coubrols to starting positions, bub
then starts the cowputer at resgister 40, the first register of the plug-
board. Programs like the paper tape readdn;, which are available on
plugboards, can be started directly, without a "&r 40" ingtruction in
register zero.
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Stop Resder

This pushbutton is used only in emsrgencies. Its functlon is
to stop the photoelectric tape resder, snd its use should be necessary
only if the reader has failed to gbop at the proper place, or has read
off the end of o bapa., If it is pushed whils the reader is actually
reading tape, it is probaeble that the line of holes over the photocells
when 't;h@ buat@:m was pueah’@d will zoof; b@ qui; hence, after pushing Stop

.r'uml—.x

ai;ion imw th@ ccmpu’@ew
Cleaz CEG

"CPC" stands for "Clesk Pulse Control", part of the central
control clrcuitry. There are four palrs of indicator lights over the
loudspesker to the left of ths couscle, labelled "Cleck Control: D, C,
B, A"; these indicate the statss of £flip-flopg A, B, G, D in Clock Con-
trol. In certain malfunctions of the computer it may be impossible to
Restart, Start Over, or Stert at 40 because flip-flop A or B is in the
Tone™ stabe, indicated by the facht thab the upper (red) light of pair
A or B is 11t rather than the lowsr (whi‘tﬂ) light. Pushing Clear CPC
will remedy this situation. . -

Clear Ala,ms

This pushbutton clesyrs apy alarm condition that may exist
when the compuber is stopped. Sinee Resgbart, Start Over snd Start at 40
are connected 80 a3 to cleay the alawm eireultry automatieally, this
button hes very little use.

Deselect Magnetic Tape

The magnetic tape unit to which subsequent instructions are to
refer is speeified by s program in MIC; the Desgslect Magrebic Tape
button desbroys the selection made in “U‘lm program. It is seldom used
in normal operabticn, bub should be u.ae« o sbop a mmaway tape or one
which has run pest its "snd of recozd” symbol.

Camera Index

This pushbutton will advance the film in the oscilloscope
caners by one frewe each tims it is pushed. After & new £ilm magazine
i8 mounted on the cawmera, or Jjust bafoers an old one is removed for de-
velopment, this bubbton should be pushed manuslly 10 or 15 times; it is
alsc advisable to advance the £ilm a fow Lframss batwsen two programs
both of which use the camsra. Most ussrs of MIC will progrem the "Index
Camera" operation wxcept st "@h@ begizning and end of a run.

Ir:l sumary, we list the pusbbubttons in two groups:
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Thoge used during normal operations

Staxt Over
Regtaxrt
Start at _&9
Index Camsra

Those used only on discovery of a programming error or on
compubter malfunction:

Stop

Cl=ar CPC

Clear Alsims
Deselect Magnetic Tape

Duplicates of these pushbuttons may be found under the Margi-
nal Checking Panel at the right of the comscle; also, all but Index

Camera and Clear Alarms ars duplicated on the In-Cut equipment portion
of the S Frane.
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PHOTOELECTRIC TAPE READER

The Photoelectric Tape Reader, sometimes called PEIR for shoit,
is locafed in the S-frame in front of the console, and is used to read
information from seven-channel paper tape into the computer. The FEIR
is under program control via the ri instruction. It is operated asz
follows’ 7

lo Turn on Motor-light switch

This switch is located above the reader in the angle iron of the
mounting frame. It should be off whenever the PETR is not used in
order to prolong the life of the mobtor and gearing. The filaments
..0f the internsl amplifiers are on at all times. The external
blower runs whenever the PETR is ingtalled in its. socket. -

2. Insert the tape

Raise the lever extending frem the right side of the lamp housing
(as the user faces the front .- nemeplate side = of the PETR.) This
raises the tape hold-down plate of the machine. Now 'bape can be
inserted under the plate and between the guide pins, and the
hold-down plate lowered by lowering its lever. The Tth hole row
on the tape should be inserted so that it is toward the user;
this row can be identified by the fact that it is the one of the
two edge rows of holes which is most nearly continuous. The Tth
hole is used to tell the machine whether a line of information is
to be read. On 4-6-6 tapes prepared by MIC the tape will be
inserted corrsctly if the punched title on the tape - MTC XXX =
can be read in a normal manner. i

Tape passes through the reader from right to left as viewed from
the front, or nameplate, side of the machine. Unmarked flexo tape
can be identified for beginning end end by realizing that the
Flexowriter punches up through the tape and consequently leaves
burrs; which can be felt with the fingers, on the side of the tape
which was up as it went through the Flexo. This side should be
down' as the tape passes through the PETR. Again the Tth hole row
will be nearly contlnuouso

3. . Start read~-in operation

A read-in plugboard is available (and is normally plugged in) which
will read in 4-6-6 tape produced by MIC's conversion program. The
first address of the plugbocard is 0-40 so the START AT LO push.
button will initiste the program and thus read in a 4-6-6 tape.

Other tapes. and programs must be handled with a speciel plugboard
made up by the programmer or by means of a stored program which
would nomally be imtiated. by START OVER.
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THE FLELCWRITER

The Flexowriter is the only output device on MIC that will
produce printed copy directly. By means of facilities in other parts
of the laboratory, results on cards or on magnetic tape may be printed,
but some programmers prefer to have a printing monitor on progress of
their’ programs, and use the Flexowriter for this purpose: The Flexo-
writer cean also deliver results on punchsd paper tape and is used in
this manner by the basic conversion program. Since the acquisition of
the high speed photoelectric tape reader (PETIR), the relatively slow
mechanicel tape reader on the Flexowriter is not used.

Printing and Punching occur under direction of the computer,
one character at & time, by msans of variations of the pr (print/punch)
instrudtion. ]

OPERATION OF THE FLEXOWRLTER

ot

l. Printing

a. FPaper - If paper with sprocket holes is used the pressure re-

: lease lever on the far left of the carriage remains in the
forward (released) position. Bring the paper over the guide
bar and under the.roller. Guide the paper in and turn the
roller until the holes line up with the sprockets. - If paper
without sprocket holes is used, pull the pressure release for-
ward.(released)o Insert,th@.paper Just as before; but bring it
up 8nd position it. Then push the pressure release backy; gripp-
ing the paper in place.

b.. Running - Turn the switch in the lower right hand cormer to "on".
Make sure the knob on the right rear of the Flexoc is in the .
"normal print” position. The computer can now control all print
operations including carriage returns, tabs, color change,
upper case, etc. Note that the user gan alsc use the keyboard.
The only precaution is that the user should not type. with the
keyboard while an actual typing operation is being performed |
by the computer. Be carsful, also, with the color change,
upper case, and lower case. Some programmers assume the Flexo
is left in the black color and lower casge; therefore, cape
should be made to see that the case and color are proper when
any printing is done. Caution! All other buttons (start read,
‘stop read, etcp) should not be touched.

2. Punching

a.  New ‘tape - To insert a new spool of tape, remove the bar on the

‘ resr of the Flexo. Remove the spool cover by loosening the
knurled screw. Remove the old spgool and place the neWw one on
with tape coming off . the bottom towards the right, (1ooking at
the machine from the back). Thread the tape as given below.

b. Threading - Bring the uape below the tape guide and over the
tape, tension arm roller (under the finger on the roller if there
is one).. Open the tape hold down arm (qust in front of the
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plastic chip catcher) which also lifts %hm tape run.out arm.
(This is Jjust to the rear.) The tape cal pow be placed into
position by edgewise insertion. Close the tape hold down arm.
Press the tape run out button and pull the tape out at the same
time in order to run the tape into proper operating position.

c. Running - Turn the switch in the lower right hand corner to "on".
Meke sure the knob on the right rear of the Flexo is in the
"normal print" position. The computer can now control punching.
No punching can be agcomplished by pushing keys. When the tape.
runs owt, punching bgcomes disabled on the Flexo until new tape
is inﬁtalled°
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THE MTC CARD MACHINE

The MTIC card machine is an IBf{ Type 513 Automatic Reproducing

Punch converted to operate primarily as a punched card input and output
for the MTC computer., Cards punched on other card machines can be read
with the MIC card mach:r.ne and cards punched on the MIC card machine can
be read with the other card machines, provided the compatible card lay-
out and ceding ave wsed,

Tn order tc use the MTC card machine for punching out results

from MTC, 3000 and @“QL;_QO instructions are useds and for reading,
op_1000 and il00 instructions are used., See the Programming Refer-
ence Manual.

The card machine can be used in dif’ferent modes of operationa

The two most cammon are ‘computer control mode and test mode, The
desired mode of card machine operat:.on is determmed by the wiring of

a control panel (plugboard) placed in the card machine. A covered
control pane‘l is usually in positiong this is the computer control plug-

board,

It is wired so that the canputer controls. the punching or

reading of cards via the © operate instructions. A separate test plug-
board is wired s0 that the card machine will reproduce cards placed in
the read feed onto blank cards placed in the punch_ feed, but since the
card machine is usually tested under control of MTC, the test mode will
not be discussed below.

COMPUTER USE OF CARD mcam 7_

W‘:rbh the C@mputer con‘hrol plugboard in place, punch:.ng or

read:.ng using the computer can tske place, providing the card machine
is set up as followss

READY FOR PUNCHING

i
14 ao

bo

Co

Place an adequate mmber of blank cards in the punch feed hoppern,
9 edge first, face downy, with the plastic card weight on top.
The phrase “9 edge first™ is IR! jargon meaning "9 edge to the
right as you face the side of the machine with the switches.®
Place at least two cards in the read feed hopper, with the
plastic card weight on top.

"Hold down the start key until both feeds have operated or the

red ready light is %on¥,

READY FOR READING

o
" bo

Run out any cards in ‘the read feed,
Place the cards to be read in the read feed hopper, 9 edge first
face down, with the plastic card weight on top. The phrase.

%9 odge first® is IBM jargon for "9 edge to the right as you
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face the side of the machine with the switches.®

ce Place at least two cards in the punch feed hopper, with the

" plastic card weight on top.

ds Hold down the start key until both feeds have operated or the
red ready 11ght is "onMy

Note that without the card weights, jams are likely to take
place.

In plac:mg cards in the hoppers be careful that the cards
are in place without b:mdmg against the sides of the hopper.

If cards run oub of one of the feed hoppers during reading
or punching (and the ready light is cmt) the computer will sYop, and
wait when it tries to do another operate instruction, If, at this
time, cards are placed in the empty feed hopper and the start key is
depressed, the cards will feed in properly and the computer will resume
operation of the card machine, Without restarting the computer, the
program will contmueo .

Howeverg if cards run out of one of the feed hoppers and ‘the
operator depressqs the start key before inserting new cards, then the
remaining cards in the feed will run out and cancel the automatic start
operation. -That is, when new cards are read in, the card machine will
not start autematically, and the camputer program must be started again

GANG ‘P‘UNCHING AND MTC IDENTIFICATION SWITCHES

Only two of the switches on the card machine are normally
used. The one on the left marked “Rep® (for reproduce) is the gang
switch, When this switch is ®on® or up, then any punching in columns
2=16 of a card going through the punch feed will be punched into the
following cardg the punching in that card will be punched into the
next following card, etc. In other words, any punching in columns .
2=16 can be put into a deck of cards if the first card being punched
has th:.s punching, and the gang punch switch is up. Note, however,
that this is true only when the card machine is under computer control,
because of the wiring of the camputer control plugboard. This switch
has no effect on the read feed, 'f

The switch on the right, marked "MTC®, causes each card
punched to be marked with an identification s'ym'bol characterlstlc of
MTC, This symbol is the Hollerith code for the ‘letter M punched intp
the first column and cons:.sts of punches in row 11 and row ko

' !

: {
¥
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MAG ﬁﬂiiﬁ TAPES

MTC has three IEM taps drives controlled through the Tape
Adapter Frame; to each tape drive & number 1, 2, or 3 may be assigned
by & rotary switch at the bottom of the tape drive door. Programs re-
fer to tape drives by these assigned numbers; not according to the
positions of the drives on the floor.

Near the selector switch on each door are four pushbuttons
and four indicator lights. Use of the buttons is explained below under
Operation; the significance of the lights is as follows:

1. Select: This light comes on when the computer executes
a programmed instruction to prepare the tape drive -
for use.

II. Not Ready: This light indicates that the Load opera-
tion described below has not been completed. If a.
program attempts to use a "not ready" tape, the machine
will give a "Tape Not Ready" alarm and stop.

ITI. File Protect On: If this light burns when a tape is
mounted on the left hub, it indicates that the file
protection ring has been removed, so that writing on
the tape is impossible. This light always burns when
there is no tape mounted. '

IV. Not in File Area; When this light burns the tape may
be selected, but reading or recording will be impossible
until the unit hes been put In Flle Ares by a programmed
instruetlono

Note on file protection: Every file reel has a red plas-
tie ring, called the file protection ring, fitted into a concentric
groove in its back surface. If this ring is removed from a reel, the
"File Protect On" light will burn on the tape mechanism holding the
reel, and it will be impossible to record on that tape. If recording
is attempted, the computer will stop with the following indications:

cs cb,

AR {1st word to be copied)
AC (Word Count)=2 ;
ECS 3300 _

SS 5

PC (Address of cb) + 1

OPERATION OF THE MAGNETIC TAPE DRIVES

1. PRECAUTIONS

1. Before attempting any manual operation, press
the "RESET" button.

2. If machine is "running away" or fails to stop on
a tape break press "RESET" to stop it and restore
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II.

III.

X-h-2

it to manual contyol.

3. - Never force ths machine reel sensing arm into posi-
tion after loading a tape; it will be set automati-
cally when the door is closed.

4, Be sure that the tape is properly threaded through
and that the load point is wound well onto the
machine reel before attempting "LOAD/REWIND".

5. Do not open the door of the drive while it is in
operation; opening the door drops power via a
power interlock.

6; Vhen handling a tape reel (for loading, manual wind-
ing, etc.) handle it as close to the hub as possible
to avoid bending or warping the outer edges.

T. Whenever computs power is dumped be sure to follow
up with "RESET" and "UNLOAD" on each tape drive.
Repeat this procedure after power comes back on.

8. Do not attempt any manual operations on the tape
drives while a program is being run on the computer.

PREPARATTIONS FOR LOADING THE TAPE DRIVES

1. The machine must be in an UNLOAD status (see
figure, next page).
‘A, The upper_head seetion is raised.°
B. The capstans are rebracted.
2. If it i3 not in an UNLOAD status proceed as in
Heading V. of this subssction.

LOAD Place the file reel (full reel of tape) on the
.-1eft hub.

1. If file protection is desired, remove file protection
ring from reel. See “"Note on File Protection" above.

2. Loosen the knurled knob on the hub.

3. Press the reel firmly on the hub, then tighten the
knob.

. Thread the tape as shown in the figure.

5. ILift the sensing arm and allow it to catch in the
UP position.

6. Lay the loose end of the tape in the machine reel
(the right reel).

T. Depress the ree)] brake buttons under the left reel
while winding 5 turns of tape on the right reel.

- Machine reel winding should be done in a clockwise
direction while the tape is held firmly to the reel
hub with one finger of the right hand.

8. After winding a few secure turns on the right reel

_ remove your finger from the tape and continue turn-
ing the reel clockwise until the load point has
been would well onto it. This should take several
fest of tape.

“A. The load point is a reflective spot on the
face of the tape. It is easily recogniza‘ble° :
B. The manual winding should be done by confrgll -
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ing the reel from the solid area near its hub.
The spoked (cutout) areas should not be used lest
the reel become bent or warped and chew up the
tape edges.
9. Close the door securely.
10. Press the "LOAD/REWIND" button.

A, The head assembly will lower,

B. The tape will feed into the columns.

C. The machine will wind tape in reverse until the
load point is sensed, then it will stop and the
NOT READY light will come on.

D. Press the "START" button. The machine is now
ready to use. S ’

IV. REWIND AND HIGH SPEED REWIND (Note that it is also
possible to rewind under control of the program). For
menual rewind press "RESET" then "LOAD/REWIND"._

1. If the machine réel contains more that one-half
inch thickness of tape the rewind will occur at
high speed until only one-half inch remains. The
rest of the tape will be rewound at normal speed.

2, If less than one-half inch thickness of tape is on
the machine reel the entire rewind will be accom-
plished at normal speed. )

3. At the completion of & rewind the NOT READY light
will come on. The tape can now be either used for
reading or writing after pressing "START"; or it.
can be unloaded by pressing "RESET", then "UNLOAD".

V. . UNLOAD
1. Rewind the tape to the load point by pressing "RESET"
then "LOAD/REWIND". .
2. When the tape is at the load point press "RESET"
then "UNLOAD".

A. The tape will be withdrawn from the columnso

B. = The head cover will raise.

3. After UNLOAD is complete open the door and unloed
the tapes as follows:

A. Depress the reel brake buttons below the left
reel and manually rotate the left reel in a
counter-clockwise direction until all the tape
is on it. )

B. To remove the reel loosen the knurled knob.ap
the hub and pull the reel from the hub. Be .
careful not to bend the reel while removing it
from the machine.

C. . After unloading the reel leave the machine in
its present status. i.e. DO NOT push any
buttons except "UNLOAD" once the tape has been
unloaded from the mschine reel.

BEFORE - ATTEMPTING ANY OPERATIONS ON THE TAPE DRIVES RE~READ HEADING I
OF THIS SUBDIVIDION GONGERNING PRECAUTIONSo R .
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. VIDEQ SWITCH PANEL

. Theré are twénty toggle switches at the top of “I‘h with connections
of 'a semipermanent nature; they control certain functions which a prog-
rammer may wish to add of disable when using MTC in special applications,
These so-called "Video Swyitches” are named for 'the fact that they control
no gates but are connected directly in the coaxial video cables which
transmit MIC pulses,

In each case the normal position of the switch is "0Off™ or down,
- When a bpecial function is invoked by throwing the proper switch up,
a green light just abowve the switch indicates the special status,

At present only the five switches named below have any function,

I, Charactron Operation switch disconnects the Charactron ®end
return pulse¥ from MIC, The Charactron is a cathode-ray tube
output device in BO3L, Certain malfunctions of the equipment
associated with it can send spurious pulses back to MIC; hence
this switch should be left in the ®Off" {down) position execept
when the Charactron is in ude,

II, The ILight Gun and Alsrm switeh is also part of the Charagtron
equipment, Computer operation is normal when it is "Off®
{down)s when it is ¥On® the Charactron light gun can set the
alarm flip-flops, which are bits 7 and 8 of IR5,

This switch affects only the Charactron light gun, not
the one to be used with the console display unit,

IIT, The Clear IR3 and L on Transfer switch, when "On" (up) causes
IR3 and IR4 to be set to <0 on each tr, tro, tn, or tno instruc-
tion, If the switch is "Off" the transfer-type instructions do
not affect IR3 and IRL; but in this case the pf7 instruction
will clear them to <0,

IV, The Audio Zero Crossing Detector In .switches are explained more
fully in Section 1k, Both should be kept "Off" for normal opers
ationg if both are "On," normal readout of IRl is possible only
when the output of the microphone connected to the zero.crossing
detector is positive, If the microphone output is negative,
reading out of IRL produces +0,
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DISPLAY AND CAMERA .

The display system is MTIC's fastest ocutput device, and is used
in a variety of ways by programmers. It consists of two cathode-ray
tube display units: a direct-viewing one in T5, and one in T12 equipped
with & Fairchild camera under program control. The Iinstruction ds x will
cause a spot to be intensified whose vertical deflection from the center
of the screen is proportional to the number in the accumulator, and whose
horizontal deflection is proportioned to the number in the A-Register.

\\ In an emergency, the Polarcid camera may be used to photograph
the consble display. .

Power Supplies

The display system is normally on end ready whenever D.C. is
on; heater power and emplifier plate power are drawn from the MTC supplies.
Accelerating voltages are provided by two Northeast Scientific Company
power supplies in T1l3. The input to these supplies is taken from Campu-
ter Room A.C., but they remain on Standbz unless the +90 volt D.C. is
supplied ‘to- the computer. Each supply has & three-position power switch
on its panel; because of the interlocks these switches should be left On
except-iwthen one wishes to work on the oscilloscopes without turning off
D.C. In this case turning the power switches to Standbz will leave the
supply heaters on but will remove the high voltage from their outputs.
The settings of the voltage control switches should never be changed ex-
cept by an MIC engineer. The 10KV potential difference existing in the
display system is lethal and should be treated carefully.

Controls

j Associated with each display unit are three controls: Focus,
Astigmatism, and Intensity. They are behind locked doors in the oscillo-
scope cabinets beceuse they should never be changed except by an MIC
engineer or duty technician. Keys to these doors are kept on the key
board in the Meters and Probes cabinet. The usual reason for changing
any voltage or intensity setting is that the photographs of the camera .
oscilloscope ars turning out poorly, probably because of & change in film
or cathode-ray tube characteristics. These situations should be reported
to an MIC engineer for adjustment. A temporsry readjustment to suit a
special program warrants & log entry, and the system should be restored
to normal before the next programmer takes over the ccmputer.

Camera

The Fairchild Camera is permanently mounted on the display unit
in T12; this unit always displays the same pattern as the one in the con-
sole, but uses a different phosphor on its screen and has a different
physical layout. Either the operate O instruction or the Index Camera
pushbutiton will move the film ahead one frame. The shutter is normally
open, but is closed when the film is advanced. The lens aperture of the
camera is adjustable in six steps betwesn £/2.3 and £/16. It shonld be
changed only by an MTC engineer or duty technician; readjustments require
log entires; and the system should be restored to normal before the next
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AUDIO SYSTEM

The audio equipment of MIC includes a loudspeaker that can be
connected to various flip-flops in the central computer, and a device
called an "Audio Zero-Urossing Detector.”

I. Loudspeaker and Amplifier
Ao Use

By listening to this device one can tell whether the computer
is running at all; if the same sequence of tones is heard repeatedly,
it may mean that the machine is performing the same group of instruce
tions over and over because of a programming error, More generally,
anyone familiar with the sound of a program can obtain a quick check
on its progress by listening, Bu clever programming, MTC can be made
to talk, play music, or emit other strange sounds; such tricks have
been used effectively to demonstrate the computer's versatility to lay-
men,

B, Equipment
1, Panel

The loudspeaker and its amplifier are located in the
operating console at the bottom of T3, The panel
contains for controls two input selector switches and
treble, bass, and volume controls, In addition, there
is a phone jack which may serve either as a high-im-
pedance input to the amplifier or as a connection for
an auxiliary amplifier from whatever computer circuit
is selected by the input switches,

2o -Switches

a, The function switch is the lower of the two input

. switches, It is a three-po;.ltlon switche

i) In the fully counter-clockm.se position (label-
led "SB" for "Standby"™) the amplifier input
is open, Unfortunately, there is a tendency
toward oscillation in this condition unless the
treble control is set at minimum,

1i) In the center position (labelled "TC" for "Tone
Control®) the selected input is fed to the
amplifier through the circuit containing the
treble and bass controls,

iii) In the fully clockwise position (labelled "DA
for "Direct Amplifier®) the selected input by
passes the tone controls, which are hence in-
effectual,
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b. The selector switch is the seven-position switch at
the top of the panel, Whatever line is selected re-
mains connected to the phone jack and the volume con-
trols how it connects to the amplifier is determined
by the function switch, In each case, connection is
made to the ®"1" indicator line of the flip~flop speci-
fied below, - Positions are numbered from 1-7, starting
with the fully counter-clockwise position,

i) Position 1 goes to a clip lead in T3 labelled "IH
Audio Out Spare.," Xt may be attached to any indi-
cator light in T3,

ii) Position 2 goes to a clip lead in T10 labelled ®RH
. Audio OQut Spare.® "It may be attached to any indi-
cator light in T10,; but at the moment it is connect-
ed to bit 6 of IR=2,

jii) Position 3 goes to bit 3 of the Accumlator, This
. is the position in which most operators expect to
find the switch,

iv) Position l goes to the sign bit (bit 0) of IR=l,

v) Position 5 is the output of a l-channel resistance
mixer network whose inputs are terminals 5-8 on the
input Jones strip, At the present the sign bits of
IR1l, IR3, and IR5 connect to terminals 5-7; if a
jumper from terminal L to terminal 8 is added, this
position will mix the sign bits of IR1, IR3, IRL,
and LR5, This position is useful for playing l-
part harmony with computer programs,

vl) Position 6 is not connected,
vii) Position 7 is not connected,
30 Controls

a, The treble and bass controls are effective only when
the function switch (2a above) is in the center (TC)
position,

b, The volume control is effective whenever an input is
connected to the amplifier; but is out of the circuit
when the function switch is in the counter-clockwise

- (SB) position. It has no effect on the voltage supp-
lied by one of the flip-flops to the phone jack, but
will vary the amplification of a signal fed into the
amplifier through the phone Jack,
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II Audio Zero-Crossing Detector
A, Function

The Audio Zero=Crossing Detector in T3 is a crude analogue=toe
digital converter for getting into MIC information presented as an audio=
frequency voltage..-In MIC this voltage is usually derived from a micro-
phone plugged into the detector chassis; its effect is to open a gate
when the output of the microphone is above a certain level, and to close
the gate whenever the microphone output is below that level, The dis-
crimination level is usually near zero, so that the gate is open when the
audio voltage is positive, but closed when the voltage is negative.

B, Program

To make use of the detector one must write a program to interrc-
gate 3t periodically and store the information obtained. This can be dune
as followss

There are two switches on the Video Switch panel in Tl labelled

- ®udio Zero-Crossing Detector In®, which should always be in the same
position, When they are BQff® (both down) the detector has no effect
on computer operationg when they are %0n®, the pulse initiating the read
out of IR=l; is made to pass through the gaie, IR~ has the octal address
77 on the read=in plugboardg thus the instructions..

gof O

ca 77

will produce in the accumulator the true contents of IRl if given dur-
ing a positive half-cycle of the audio voltage, but will produce <0 in
the accumulator if given during a negative half-gycle, By throwing the
proper video switches the transfer-type instructions other than to can
be made to set IR-4 to =03 hence the programmer can arrange to have alt
w1is" in the accumlator 1f the microphone output was positive, all "Q!s%
if it were negative, See section 1li, ®Special Video Switches,®

C. Controls

These controls are all located on the front panel at the top of
T3, and are discussed in ordery, beginning at the left, Descriptions of
their uses are sketched, and experimentation is necessary in every appli-
cation, )

1, "Back-front® Toggle Hwitch

This is located just above the microphone connector
and connects the detector either to it or to the one
on the rear of the chassis, The detector has a high-
impedance input suitable for a crystal microphone,
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iz a potentiometer just to the right of the front
microphone connectorg it is in the circuit only when

the switch described in 3, below is in the "blank"
position, Since the detector is basically an amplifier
of the "Infinite gaim" or "saturated® type, this setting
should not be critical, A setting of 5.5 has been used
satisfactorily for normal speech,

The Capacitor Switch

This switch is just to the right of the gain potentio=
meter, shunts capacitors of various sizes for .001lufd

to ,0lpfd across the audio circuit, thus limiting highe
frequency response., Experimentation in each applica-
tion will determine the best setting, The fully counter-
clockwise position connects the gain control into the
circuit,

The “Gating Level® Potentiometer

This is to the right of the capacitor switch and is
unlabelled, It adjusts the level above which the
audio voltage must rise in order to open the gate,
Too low a setting will cause the gate to be opened by
noise and stray signals; too high a setting will lose
information by preventing it from opening except on
audio peaks, :

Polarity Switch

To the right of the gating level potentiometer are the
coaxial connectors for the input and output pulses to
the gate, These jacks are in parallel with similar
ones on the back of the chassis, and these latter
Jjacks are the ones that are permanently connected to
the computer, The associated toggle switch controls
the output pulse polarity; it should be thrown to the
left,
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PREVENTIVEﬁMAINTENANCE‘PROCEDUBES

1. Marginal Checkings Lines 500~ 9#7

A,

General

Marginal checking is a technique of preventive maintenance
wherein computer failures are anticipated and located by measur-
ing the tolerance of various.circuits to variations in power

- supply voltageo In the usual procedure a test program is run
~on the computer, and. one voltage to scme small section of the
1computer is varied by means of the marginal checking circuitry.

The difference between the normal voltage and that at which the.

_program stops running is called the margin, any narrowing, of

margins is noted in the. Preventive Maintenance Notebooks, and

may. be cause for troubleshootingo>"

lgAmplidyne Control

Variation is accomplished by adding to the ‘supply voltage the
output of a variable Amplidyne generator, the voltage of which
is constantly monitored on a zero-centered voltmeter on the

‘Amplidyne control panel in T10. The Amplidyne is turned on and
off with a toggle ewitch at the right of the Amplidyne control

panel, and there is a red pilot to 1ndicate whether it is running.

Its output may be connected in series with the Ground, +90V,
;+150V, +250V, -300V, or =150V supply lines by means of the pro—
per white pushbutton on the meter panelo

The meter: range may be changed by a switch below the meter to

-3 full-scale value of lOO, 50, or 10 voltss

To: the right of the meter is a "Smooth»Step" toggle switch.
When it is- "up " Amplidyne voltage can be varied from -100 to

+100 by means of the "Smooth Margins" knob beneath the meter;
-when 1%, is down, deviation of the selected line from normal.

voltage is controlled from 0»90 in steps by means of a strip

‘switchoﬂ There are two. strip switches: one with red buttons
~for. positive deviation, effective when the ."Polarity Selector"

switch is on "+"; and one with black buttons for negative dev-

“iation, effective when the polarity selector switch is on "t

Line Selection

The marginal check panel consists primarily of lh rows of line
selection ew1tches, with 16 switches in each row. Each switch
is lebelled with two line numbers, one. above and one below;

" these. numbers range from 500-947. ‘When the switch is down,

both lines controlled: ‘by it are on normal power.. When it is up,
marginal power is supplied either to the line named above the
switch or the one below it, depending on whether the extra

 switch at the left of the row is up - or down.

To the left of each row is marked the voltage normally supplied
to the lines in that row. A line selection switch has no ‘effect
unless the Amplidyne is connected to the voltage normelly ‘supplied

_to that line, but one should always leave line selection switches
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down after checking.

‘Because of switching transients, the line selector switches
should not be thrown while the computer is running.

D, Paperwork

There are in the Preventive Maintenance Notebooks pages headed
"MIC Marginal Checking Record" for each of the lines numbered
500-947 that is connected. This page also gives the voltage of
that line, and thus the information of where to f£ind it on the
marginal check panel; a list of units checked by it; the proper
‘program to be used; and references to other pages for the same
line. On the page are columns for the Last Set Margin (that is,
the values most recently decided upon as acceptable minimum
margins), the Failure Margin, and the date. If, on a given date,
the mergins for that line are wider than the set margins, the
dete is stamped in the proper column to indicate that the line
has been checked, and no further entry is made. If,; on the other
hand, the margins have narrowed below the last set margin, the
margins are noted in the column under "Failure Margins", and an
entry is made on the separate sheet headed "MIC Marginal Check-
ing Report" for that day, giving the line number, the failure
margins, the program run, and any remarks. Thus the "MTC Mar-
ginal Checking Report" contains a list of all lines checked on
a particular day that were below their last set margins, o=
gether with the margins actually obtained and any cemments that
the checker may wish to add.

It sometimes happens that, when one starts with the Amplidyne
voltage at zero and gradually increases deviations, the program
fails at voltage deviations somewhat wider than those at which
it can be started over. This phenomenon is called hysteresis,
and if it involves differsnces greater than five volts, is to
be recorded under "Comments" or "Remarks", together with the
widest margins at which the program can be started over.

E. DProcedure

1. Turn on the Amplidyne by means of the "On - Off" toggle
sWitCho : ’

2. Find the "MIC Marginal Checking Record" page in ‘the Preven-
tative Maintenance Notebook for the line to be checked.

3. Connect the Amplidyne to the proper power supply voltage by
means of the strip switch with the white pushbuttons.

4, Throw the switch at the end of the proper row up or down,
depending upon whether the number of the line appears
‘above or below the selector switch.

5. -Put the Margin Selector toggle switch in the "Step" (down)

4 position.

6. Start the test program running.

T. Select the desired polarity with the polarity switch and the

‘ Last Set Margin voltage on one of the strip switches - red
for positive, black - for negative.
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8. .If the program continues to run at the Last Set Margin,
merely mark the date on the "MIC Marginal Checking Record”
‘and check the other polarity. If the program fails, record
under "Failure Margins" the narrowest margin at which the
progrem won't run on both the record and report sheets; be
sure to record the name of the program in the report sheets.
‘Pugh the next voltage button to the right, thus decreasing
the deviation. If the program cannot be started over at
this margin, there is hysteresis, a fact that should be
noted under "Gomments" or “"Remarks"; tog®ther with the
~widest margins at which the program can be started over.

Note° ‘Because of switching transionts, the program will
stop. every time & line selector switch is thrown.

IT. Marginal checkingol Sense Amplifiers

In T9, Just to the left of the amplidyne control panel; is
the Sense. Amplifier Marginal Check Panel, consisting of two voltmeters
with associated| voltage control knobs, and toggle switches, labelled
from O through 16, corresponding to the 17 sense amplifiers in the
core memory. -When & given toggle switch is down, the corresponding
sense amplifier is receiving for bias the voltage indicated on the left
hand voltmeter (the one labelled “"Sense Amplifier Bias"); if the toggle
switch is up, the corresponding sense amplifier receives for bias the
voltage indicated on the right hand meter. The adjusting knobs ars
potentiometers connectod to the normal computer D.C.; thersfore; it is
not necessaxy to run the. Aﬂ@lidyne vhen checking the sense amplifier
bias. It is customary to leave 8ll 17 sense amplifiers connected to
the left hand voltmeter; the procedure in checking is to note the volt-
age at which the program stops rather than the excursions frem normal.
The paperwork is the same &s ‘that for lines 500w947, except that, if
acceptable margins are obtained when varying all 17 lines together,
the meter is adjusted to the mean of the two voltage limits, and this
" ad justment noted under "Remarks". If unsatisfactory margins sre ob-
tained, one can try to locate the offending sense smplifier or memory
plane, by varying one bias at a'timo with the right hand knob and meter.

If the sense amplifier bias switches are thrown while the
computer is running; switching transients will cause Core Parity Alsrms.

IIXI. Checking Cathode Followers

In order to check & cathode follower, the flip-flop driving
it must be put in the proper state for the cathode follower to be "up
One can then measure with a vacuum tube voltmeter the difference be-
tween the grid voltage and the output (ea&hode) voltage. If the cathode
is, 0.5 volt or more positive with respect to the grid, the cathode
follower is acceptable; if not, the cathode follower should be replaced.
In either case an entry should be made in the appropriate cathode
follower sheet in the Pr@ventive Maintenance Book.

In most cases the grids of cathode followers cperate between
leyels;of'florvoltsiand =30 volts; thus, when a cathode follower is
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checked, its grid should be at +10 volts and its cathode slightly more
positive. There are two exceptibns to the above, One is a group of
cathode followers in the Memory Address Regiater, whose levels are =140
volts and -180 volts instead of +10 volts and -30 volts. The other
exception is a group of "Mod II Cathode Followers" in Panel Memory, whose
outputs are tapped down 10 volts on the cathode resistors and are thus
about O volts and ~40 volts.

The location of the flip-flop driving each cathode follower
is given on the cathode follower sheet. In some cases it will be easi-
est to check all the cathode followers assoclated with a register by
storing all "one’s" .in that register and checking cathode followers on
the "One" side, then storing all "Zero's" and checking cathode followers
on the "Zero" side. This can most easily be done from toggle switch
storage. Some flip-flops must be set individually with the "tweeker",
a portable device designed to provide the proper pulse to a clip lead;
in some cases, such as in Memory Control, 1t 1s necessary to disconnect
the input cables from the fllp-flops in order that they remain in the
desired stateo

One should take care that he does not complement the £lip-
flop wh@n .connecting the voltmeter to the circuitry.



11-18-57 l-y-1

1.

12.

13.

1k,

150

16.

17.

QUESTIONS

Describe the differences smong "Start Over", "Start at 40", and

‘"Restart".

in what way does the blowing of a circuit "grasshopper" fuse affect
the rest of the computer? How does it do this? How do you recover
from this type failure?

During air conditioning failure what are the meximum allowable tem-
peratures and where are they measured?

Describe the steps necessary to use LR3 as register O-lk.

The computer stops on a Core parity alarm. How was this alarm
detected and what .are possible sources of the trouble?

What is the difference between "Flexo" tape and "k-6-6" tape?
What is the purpose of the card machine plugboard.

Can valuable information on magnetic tape be protected against
destruction from accidental writing? Explain.

What is the purpose of the "Video Switches" on the console?

Computer power has dropped fo Standby of iég own accord; what is the

status of the high voltages to the display scopes? Is it safe
to work on dlsplay?

Describe audio monitoring of MIC programs.

Explain the steps necessery to select Marginal Checking Lire #597
and determine its exact positive and negative margins.

Describe "loading" a magnetic tape drive.

How do yoﬁ instali & new roll of paper tape on the Flexowriter?
What happens if the old roll is allowed to run out completely? .

What happens if the card machine runs out of cards while reading
or punching?

Describe the process of checking Marginal Checking Line #3838 to
predetermined excursions of +40 Volts and -30 Volis.

wa doeé each of the following appear in a register of indicator
lights? ca 20, +35742, tr 2765, 1.76543 (numbers are in octal)
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18.

19.

20.
21,

22,

23.

2k,
25,
26.
27.
28.

29.

30.

31.

32.

N

In what way are "Stop Reeder" and "Deselect Magnetic Tepe' similar?

Are there circumétances undef which certain alarms can be.ignored?
If so, how is the computer directed to ignore them? .

Describe the process of "reading in" a program on paper tape.
What is a Sensitrol? Whﬁt purpoée does 1t serve?

The switch for bit O of register 0-0 is defective (open). How
can you start a program stored in core memory? '

Is it possible for the air conditioning control to call for cooling
and heating at the same time? Explain.

Whet alarm is affected by inétructions pf 4 and pf 57 Explain.
What special check is made on Mod 1 cathode followerg? Why?
How is the Zero-Crossing Detector used? ‘ h
How do you prepare the’Fairchild Camerg for use?

When is use of the "Clear CPC" required? Why?

What happens if the>compressea air supply for the air conditioning
control fails? '

Describe how you would set up the card machine for reading. For
punching. '

Describe the "Standby" condition of MIC power.

Describe "unlééding"'é magnetic tape drive.
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MIC Service Manual, Section 2
PROGRAMMING FOR MIC

8. Directing a Computer

b, Starting and Stopping

¢c. Simple Arithmetic Operations

d. Comparisons

e. Word Manipuleation

f. Loops

g+ Programmed Switch

h. Indexing

i. Audio Output

Jj. CRT Display

k. The Automatic Cemera

l. Memory Selection and Use

m. Auxiliary Storage; The Magnetic Drum
n, Paper Tape Equipment :

o. IBM Card Equipment

p. Magnetic Tapes

q. Dispatchers

r. Use of Stored Tables

8. Subroutines

t. Planning the Program

Ww. Flow Diagrams

v. Coding

Wwo. Fixed and Symbolic Addresses in coding
X. Conversions

¥ Program Checkout

Z. Modifying Existing Programs

A. Manual Intervention ‘

B. MIC Instructions and Théir Variations
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PROGRAMMING FOR MIC

Y. Questions
Z. Bibliography
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MIC Service Manual, Section 3
RECORDS and PROCEDURES

Users i
Ccmputer Schedule
"Live Messages" vBoard
The Operation Log
Film Requests

'MIC Personnel

Work Requests

€.

£.

8o

h.

i.

Modifications
Construction Requisitions
Purchase Requisitions |
Work Orders

Tape and Card Prepé.ra.tion

Compuiter Operatlon

e
k.
1.
m,.
Do

(o 2%

Techniclan Work Schedule
Computer Watch
checkoff Iists

Incident Reports

MIC Log Reports

Msrginal Checking Records

Documentation

Do
q.
r.
8
e

U

Ve

Memoranduns

Biweekly Rep;)rts
Reliability Reports

Standard Symbols for Logic
Prints and Print Files
Wiring and Ga.bl:l,ﬁg Sghedules

Timing Charts
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HOLLERITH LOG RECORD

The information contained in Incident Reports, the MIC Log,
and Component Test Reports is valuable chiefly for trouble-shooting
and other short-range malntenance; it is also useful, however, as a
detailed history of the computer’s operation, needed for evaluation
of design safety factors and long-range component reliability. As
run-of-the-mill faults are corrected, intermittent failures become
responsible for most incidents, and these may require a detailed
statistical analysis.

To make logged information available for quick statistical
analysis, & system of Hollerith cards has been set up. A detalled
table of the code is given below, but a general description may be
helpful. '

A new card is started each day at midnight, and runs until
the first incident or until the first change in disposition of the
computer. Subsequent cards cover succeeding periods of time, so that
the entire day is accounted for. If the computer performed setisfac-
torily in an interval, the time is described on a "useful time card,
type A." If an incident cceurred, the useful time.card is terminated,
and the.period of failuré is accounted for on an "incident card, type

“B (alternate}" The cards are distinguished by colummn b, which is
blank for a useful time card, but contains a dash (11 punch) for the
incident card.

Cards are prepared by a member of the MIC office staff.
The first step is to scan the log for the day under study, preferably
after the MIC Component Test Reports have been returned from Component
Test. The MIC office has standard 80-column sheets with headings cor-
responding to the ¢yps A and type B cards, and with one line for each
card. The part of the task involving judgment is to £ill out these
sheets from the log, using the outline below as a guide. Several items
have been deleted recently, and the corresponding columns should be
left blank. In entering numbers, left zeros should in genersl be
included.

The actual key punching is simple, once the 80-column sheets
are completed.
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USEFUL TIME CARD - TYPE A

ITEM  COLS. INFORMATTON - REMARKS
1. 1-3 IEM Room Identifica~-_
tion, "008" for MIC
2. 4 No punch "11" punch (dash) here
for incident card
3. 6 Day of Week
"1." Monday
"2." Tuesday

"3." Wednesday
"4,"  Thursday
"5." Friday
"6." Saturday
"7." Sunday

L. 8-12 ik Date
8 Year (low-order diglt)
9-10 Month._ -
11-12 Day of Month

50 14-15 Card number for the day Starts with "01".

' Card "Ol" must be a
Useful Time Card; if
computer is down at
midnight, make card
"O1l" a Useful Time
Card with Time Start
and Time Finish the
same. Msked card "02'
an Incident Card
starting at 0000.

6. 17-20 Time Start In the case of rou-
_ tine component re-
T 22-25 Time Finish placement involving
C no lost time, a

single Useful Time
Card will be punched
for the whole main-
tenance period; fol-
lowed by one incident
card for each item
‘replaced.

8. 26 Punch "A" if DC was Itém added 1 May 1957.
' Off
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INFORMATION

System Assignment

ITEM COLS.
q 27-28
I|A. 1"
llB‘; i
llco 1t
"Do "
"Eo "

Prograsm Operation
"a." Conversion
"B, " DDT-DDR

"e." IRT

"d." Display

"e," GFI

Program Checking
and Anelysis
"a." Post Mortem

Marginal Checking

Preventive Main-
tenance

Test Programs

"a," MP 60 (Cores)

"p," T15 (Drum)
"e." T5(Ziegler's
.. . scope test)
"g." T12 (PETR)
"e." Card Machine
. Test
"£." Flexo Test
. (print or
punch)
"g," MC-100
"h." Alarm System
.. Test
"i." T6 (Magnetic
. . Tape Test)
"4." Conversion
. .. Test

3-c-12

These subcategories
deleted 1 May 195T7.
If "A" punched is
col. 27, leave col.
28 blank.

If any marginal
checking is done,
punch "C" even though
a program listed under
"E" is run.

Punch "E" only if only
& few programs are
run. For complete
checkout, punch "H"
after 1 Msy 1957,

"h" not yet written.

Added 1 May 1957.
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ITEM COLS.

IIF .ll

el

. MIC

"G"
o

B

10, . 30-31

"BH

INFORMATION

Engineering Changes
llaﬂ
‘.'bo"
. New Equipment

ﬁcy

Modifications
-Installation of

Development of

. . New Equipment
I"d‘o‘

3-c-13

Improvement - MIC
Tmprovement - not

Unscheduled Time

Computer Cheékout

Incident
"A"' Successful Operation
Successful Operation

~ interrupted

lla?‘

"D
“ed
gl
'-! e‘l.l
"
"1t
i
"y
"nsu
it

{I Lll
'md

Punch error
Print error
Camera '
Console Scope
Camera Scope
Card Machine
PETR

Drum
Charactron
Power Supply
Flexo mechanical
failure
DDR-DDT
Accidental

"n", Unknown

1L 33-3k

12, 36-37

Ttems under Incident

Distributed Lost Time

Added 1 May 1957. If
computer checkout is in
progress, -punch this
rather than making a
separate card for each
program listed under
"E" o

After 1 May, 1957, always
make out a type B card
for failure, even no lost
time incident.

Hence, punch "A" in col-
umn 30, leave cols. 30-
37 blank.
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ITEM

13.

1h.

15.
16.

cors.

38-40

L2-43

68-73
75-80

INFORMATTON

Unused Scheduled Time

Alarms
A. Core Parity
B. Drum Timing
C. Fuse
D.  Drum. Parity

‘E. Card Copy

F. Illegal Overflow

Filament Hours

Plate Hours

3-c-1h

REMARKS

If a programmer leaves
early, or starts late
not because of overtime
of his predecessor,

the unused time is

punched in cols. 38-40
in hours, tenths, and
hundredths.

Deleted 1 May 1957

Record full 6 digits.
Readings should be
taken once each day,
as near midnight as
possible, and recorded
only on the first
card each day. If
taken early or late,
readings can be
extrapolated to mid-
night.
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INCIDENT CARD - TYPE B (ALTERNATE)

ITEM  COLS. INFORMATION REMARKS
1-9, 1-29 Ssme as for Type A Denote type B card by
_Ca:rd 'ldash" ("llll Punch)
- . in col. 4. . .
2. 4 "Dash" ("11" punch) Column four blank on
‘Here for Type B Card type A card.
10. 30-31 Incident

A. Failure-explainable
a. Continuous

B. Failure~unexplain-
able
b. Intermittent

C. Component replace-
ment

‘D. Emergency Main-
tenance (MTC time
overrun)

11. 33-3k Ttem under Incident When more then one
‘ o component is replaced

at one time, each is
described on & sepa-
rate card. Number
in cols. 33-34 starts
at"0l" for the first
card of the series if
replacement occurred
during othen than
scheduled MIC time;
otherwise the series
starts with "02".
The condition for
tallyinhg cards in com-
puting lost time is
that "O1" appear in
col. 33-34 of the first
type B card. Always
number the first card.
"O1l" if a failure
occurred.

12, 36-40 Physical Location
36 Frame, letter. (8,T,A,C)
37-38. ~ Rack number
39-40 Panel number
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LTEM
13,

1h,

15

16,

COLS.
Yo-l7

k9-53

55-60

62-63

INFORMATION

‘Penel. Neme

e
&

Panel Serial Number

Component Identification.»

- "A.". Rectifier

(selenium)
"B." . Socket
"C."  Capacitors
"D." Diode
"E." Terminal-terminal
. strips
npono Lug

"G." Pushbutton
"H." Video cable
"I." Pilot lamp
" Jo' " JaCk
"K." . Relay
"L." !Induction
- “"N."' Bolt-nut
"0." Other (specify)

"P." . Plug

"R." Resister

"S,"  Switch

tp." . Transformer
"V.". Tube (any type)
"W." . Wire

"X.". Circuit breaker

Nature of Defect

(62) Mechanical
"A."™. Broken
"B." Loose
"C." Worn
"D." Bent
"E." Dirty
"Fc n Dug .

"G." Burnt Out
"H." Bad Solder
"I." Out of adj.
"J." Timing
"K." Corroded
"Lo‘"‘ ’ Lea.ky

"M° " Jammed

3-c-16

REMARKS

‘See standard 1list of
abbreviations.

For test equipment
panels, omit the 3-
digit number preceding
the hyphen.

This can often be

determined from returned

Component Test Reports
if not from log it-
self.
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ITEM

17.

18,

19.

cots.

65

67

69-T0

INFORMATION

Nature of Defect

(63) Electrical

3-c-17

Leave blank if no

defect.

"A."  Shorted
"y, " Open
"C." . Low back res.
"D." High forward res.
"E.". Intermittent
"F.". Gone to ailr
"G." Low margins
"H." Microphonic
"I." Unknown
"Z." . No defect
Cause of Defect
"A." Manufacture
"B." Accidental
"C." Incorrect epplica~-
tion °
"D." Improper insta.lla-_
tion .
"E." Marginal excursion
"F." Incorrect wiring
"G." Other component
failure .
"I." Age.
"J." Faulty workmanship
"K." . Out of adjustment
"L." Unknown '
Corrected By
"A.'" Replacement
"B." Repair
"C." Modification
"D." Adjustment
"E."  Cleaning
"F." Removed
"G." Restored to operation
‘but not corrected
"H " Disappeared. sponte.neously

Why Suspected--Sy:}ptoms .

"A 1"

Ala.rm

"a." Core Parity
"b." Drum Timing
“c." Drum Parity

"d." Card Copy
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ITEM

COLS.

3-c-18

INFORMATION REMARKS

"B‘ "

ucelt.‘

"Do "

llE° "

"Fo "

'-‘Go "

Fuse Blown
"a." Memory
"b." Power
"e¢." Marginal
Checking

No Read-in

No Print Out or

Punch Out

"a." Incorrect
print

"p." Incorrect
punch

,Programvnoes Not Run

Bad Spot on Display

- "a." No spot

"b." Low intensity
"e."  Out of focus
"d."  Excessive fly-

" back intensity
"e.". Deflection non-
‘ linearity

Operation Observation
" a. ’_' Sight ’
ﬁb," Sound
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1M COLS.
20, T2
T4-T78

21,

INFORMATION

" Ho "

"e." Smell

"d." Touch

Marginal Checking

How .Isolated

"A. ]
"B-° ft
ng
"Do L]

"Eo "

"'Fo "
"G‘o 1
" H° "
"Lc "
IIM. "
"Na "

"Reliability Program
Special Program
. Cyclic ‘Program

Signel trace

Neon indication
Pulse-by-pulse
Marginal excursion
Knowledge

Logical deduction
Component tapping

- Visual observation

Component Test Report or Mod
Notice Number
Col. (7h4) - "M" if mod. notice

number
- first digit if log
report number

3-c-19
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STANDARD ABEREVIATIONS FOR PANEL NAMES

AC Add High Speed Carry Complement Mixer
AC Add High Speed Carry Gates

AC Carry In and Out Gates Mod I

AC Carry Mixer

AC Complement SR, CR Mixer

AC and PM Outgates and MD Inverter, Mod II
AC Partial Sum Cathode Follower

AC Shift Gates Mod II

Alarm Indicator Panel Mod II

Alarm Relay Panel

Alarm Suppression Gate Panel

Alarm Suppression Switch Panel

Alarm Position Counter and BR Ingates
Angular Position Counter Crystal Mixer and Jack Panel
AR \"O" Cathode Follower

AR '"1I' Cathode Follower

AR InLut Mixer Mod II !

AR Mixer and Jack Panel

AR "1!' out To CS, ECS, 'SC PAR MAR Gates
AR "O!' PAR and MAR PC "O" To PAR and MAR
AR To! TAF Gates

Audio Amplifier

Audio Zero Crossing Detector

Automatic Camera Control

Automatic M.D. Digit Selector

AMD Mixer and Jeck Panel

B.R. Cathode Follower

B.R. Mixer and Jack Panel

BR Shift Gates Mod II

Buffer Amplifier Panel Mod I

Buffer Amplifier Panel Mod II

Camerea Control Rectifier

Card Machine

Card Machine to BR Mixer and Jack Panel
Card Machine Read Gate and Punch Thyratron
Cathode Follower Panel Mod II

Cathode Follower Panel Mod IV

Cathode Follower Panel Mod V

Cathode Follower Panel Mod VI
Charactron Control Mixer and Jack Panel
Clock and Clock Control

Coincidence Detector Panel Mod II
Command Buffers

Command Mixers.

Completion Pulse Generator

Control Switch Flip Flops and Power Cathode Followers
Control Switch Matrix

Cyeclic Control

3-¢=-20

ACACCM
ACAHCG
ACIOG
ACCM
ACCSCR
ACPMOG
ACPSCF
ACSG2
ALIP2
ALRP
ALSGP
ALSSP
APCERI

- APCCMJ

AROCF
ARICF
ARIM2
ARMJP
ARIOG
AROPCO
ARTAFG
AA .
AZCD
AUCC
AMDDS
AMDMJP
BRCF
BRMJP
BRSG2
BAP I
BAP 2
CCR
CRDMX
CABRMJ
CARGPT
CFP2
CFPL4
CFP5
CFP6
CHCMJP
cce
CODP2
CB

CcM
COMPG
CSFFPC
csM
cc
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STANDARD ABBREVIATIONS FOR.PANEL NAMES (Contd.)

‘D.C. Distribution Box

Delay Line Amplifier

Delay Line Panel Test.Equipment

Drum: Address Register Mixer and Jack Panel
Drum Address Register Selection Matrix
Drum Field Switch -

Drum Field Register Output Matrix

Drum Rotor Panel

Drum Read Outgates

Drum Read Switch

Drum Timing Panel

Drum Write Register Ingates

Extended Control FF

Extended Control CF

Ferranti PETR Clutch and Brake COntrol
Ferranti PETR Control

Filament Power Panel Mod III Test Equipment
Filament Transformer Mounting Panel Mod I, III
- Filter Panel Power Room '
Flexowriter Control

Fuse Panel-Core Memory Filaments _

Gate and Delayed Pulse Generator Test Equipment
Indicator Light Panel Mod I, II (Flip-Flop)
Indicator Light Panel Tape Adaptor Frame
Inhibit Gate Generator

Intensification Gate Amp.

Interlock Power Supply Panel

IR 1 Mixer and Jack Panel

IR 1 and 2 Ingates

1 and 2 Outgates Mod 2

1 to 3 and IR 2 to 4 Gates

2 Mixer and Jack Panel

3 and 4 Cathode Follower Mod 1

3 and 4 Ingates

3 and 4 Outgates

3 Mixer and Jack Panel

4 ‘Mixer and Jack Panel

IR 5 In and Outgates

IR 5 Mixer and Jack Panel

‘Magnetic Drum

Magnetic Tape Control

Medium Mode and Unit Gates

MC Blown Fuse Indication Panel

MC Control -Panel

MC Fuse Panel

MC Toggle Switch Panel

Memory Control

BEEEbEEEER

370-21

DCDB
DLA
TEDLP
DARMJP
DARSMA
DFS
DFROMA
DRP
DROG
DRS
DTP

-DWRIG
ECFF

ECCF
PTRCEC
PTRCP

TEFPP3

FIMPI (-3)
FP

FLEXC
FPCMF
TEGDPG
ILPl (-2)
ILPTAF
166

- IGA
IPSP

ILRIMJP
IR12T
LR1202
LR1324
LR2MJP
LR34CF
IR34I
IR340

IRMMIP
LR5I0
LR5MJP
DRUM

MMUG
MCBFIP
MCCP
MCFP
MCTSP
MC
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STANDARD ABEREVIATIONS FOR PANEL NAMES (Contd.)

Memory MC Control Panel
MAR Cathode Follower
MAR Decoder Panel
MAR Matrix Fuse Panel
Memory Plane Mod 3 °
Multivibrator Pulse Generator Test Equipment
Parity Check Panel A (B)
PAR Crystal Matrix oo
PAR Crystal Mixer and Jack Panel
Panel Memory Cathode Follower
Panel Memory Conversion Matrix
Panel Memory Address Line
PFR and OFR
Plugboard Storage
P.U. Cathode Follower Mod I, II
P.U. Diglt Plane Driver Mod II
P.U. Drum Field Driver
Drum Read Amplifier Mod I
Drum Read Driver Mod I
Drum Write Driver Mod I
Drum Writer, Left Hand, Mod I
Drum Writer, Right Hand, Mod I
Dual Buffer Mod I
Flip Flop Mod II
Gate Amplifier
Gate Tube Mod II
Card Machine Read Gates
P.U. Register Driver Mod III
P.U. Sense Amplifier Mod II, IV
PIUMP 19"
PIUMP 45"
PIUMP Digit Plane Driver Mod II
PIUMP Drum Field Driver
PIUMP Drum Writer
PIUMP M.A:.R.
PIUMP Sense Amplifier Mod II
Power Distribution Panel Mod I, II, III
Probe System Jack Panel
Program Counter in-out Step Counter In-gates
PC and SC Carry Gates, PC to IR 2 Ingates
PC and SC Mixer and Jack Panel
- Push Button Panel

Regulator Amplifier
Selection Matrix, Core Memory
Sequence Gates
Sequence Switch
Soroban Punch

S

°
o

e o © e o
© & o - © o

©
°

WhhWhhiwidiod o
gacggagaa

a

3-c-22

MMCCP
MARCFP
MARDP
MARMAF
MP3
TEMVEG
PYCKPA (B)
PARCMA
PARMJP
PMCF
PMCMA
PMAL
PFROFR
PBS
PUCFL (-2)
PUDPD2.
PUDFD
PUDRA
PUDRD
PUDWD
PUDWLH
PUDWRH
PUDB
PUFF2
PUGA
PUGT2
PUCARG
PURD3
PUSA2 (4)
PP19
PP45
PPDPD2
PPDFD
PPDW
PPMAR
PPSA2
PDPL (-2, -3)
PSJP
PCSCGL
PCSCG2
PSCMJP
PBP

RG
CMSMA
sG

ss

SP
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STANDARD ABEREVIATIONS FOR PANEL NAMES (Contd.)
Start Stop Panel ' SSTP
Tape Adaptor Frame TAF
Ten Bit Decoder and Line Driver BDLD10
Toggle Switch Storage - TSs

Video Switch Panel VSP

3-c-23
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MODIFICATIONS, Permanent

Proposals for permanent changes to MIC must be submitted on the
Standard "MIC Modifications" form (DL-603) and must be properly author-
ized before any of the work is started. No modification is considered
complete until it has passed through all the stages described below and
. hes been officially tested and approved.

An suthorized modification notice is required for any permanent
change to the computer gystem as made available to MIC users. This
includes all system auxiliaries that can in any way affect the availa-
bility of the computer in its entirety to its users.

A modification may be requested by anyone proposing a change
in logic, circuifry, or physical arrangement. Direct replacement of a
damaged or suspect component does not constitute & modification and
‘should be handled by the "MIC Log Report" accordimg to the procedure
described under that title. =

Each modification notice must contain all the information nec-
essary for its completion. -This information usually includes additlonal
attachments such as corrected print®, lists of Serial Nos., the print
change notice, informal sketches, amd may also include references to
related modification notices. All blemks at the top of the form are to
be filled in even if only by words such as "none" or "does not apply".
Be sure to state clearly and concisely the reason for the modification.
The originator of 'a modification notice retains the yellow copy for his
file and submits the white and the pink coples to the MIC Office ( R
B. Pugliese ) for checking and authorization.

When submitted to the MIC office for aubthorization, modifica-
tion noticeg will be checked for conformity with Section standards of
logiec, circultry, mechanical design, and installation practices. Al-
though various members of the Section may investigate a given modifica-
tion propeosal no wark on the modification may be done until +the notice
has been "AButhorized By" H. L. Ziegler. '

After authorization of a modification the white copy and the
print change notice are held in the MIC office in the "Pending Modifi-
cations" file until the work of the modification has been completed.
The pink copy and all attachments (except the print change notice) to-
gether with the necessary components are turned over to J.-J. Lynch
for assignment of the work to the proper technicians. Each technician
who works on the modification initials the proper line on the notice
form. . Upon completion of the modification, the work is inspected for
workmanship and then is checked by perfornance tegts of the affected
portions of the computer. Anyone may be designated to do part or all of
this checkout but the modification is not considsred complete until it
has been signed by  A. D. Hughes as "Tested and Approved".
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The pink copy with attachments, completely initialed and signed,
is returned to the MIC office. At this point the information on this
copy is used to correct all pertinent prints - those in MIC files as
well as the "marked-up" print submitted with the print change notice to
Drafting. .

The pink copy is now held ia the "Pending Print Revisions" file
until Drafting has egmg& ahed the priub corrections and corrected prints
are in the MIC files. At this time the white copy of the modification
notice is removed from the "Pending Modifications" file and is stapled
to the pink copy. The two copies are then filed under Completed Modifi-
cations where they will be retained for reference pusposes. Although
no specific length of time has been aat it 1s =zxpected that these com-
pleted forms will be kept on file for a year or more. Anyone referring
to these completed forms should besr in mind that the only true copy of
the modification as actually performed is the pink copy.
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| - MODIFICATIONS, Temporary

Proposals for temporary changes to MIC should be submitted on
"Inter-0ffice Corrsspondence" forms as '"Temporary. Modificetion to MIC".
‘Such requests for modifieationa mugt be properly a,uthorized befors: an,y
- work ia dong. -

Temporary modifications are those done to evalusate praposed
design changes, to aid in difficult troubleshooting situations, or as
‘& "quick~fix" of intolerable comdiftions. Specific details should be
given when known. If it is not pomsible to specify individusl compon-
ents or the exact nature of the change the request should localize the
area affected and describe the changes to the extent known..

The originator of a temporary modification. request should re-
tain the yellow copy for his file and submit the white and the pink
copies to the MIC Office ( R. B. Pugliese ). After proper authori-
zation of the request by H, L. Ziegler or A. D. Hughes ; the
pitk copy will be returned to the originator as his work sheet. The
white copy will be held in the MIC Office as a record of an incomplets
temporary modification.

‘When the modification work hes been done the pink copy should
be revised to provide an accurate description of the work as act
‘done. The pink copy should then be r@turned to the MIC Office. Z Rs

B. Pugliese ).

Speeial tags are kept in the computer room and are to be
attached to the affected area at the time of the temporary meodification.
On this tag should be writiten a brief description of the modificatiom,
the name of the person originating it, and the date on which the work
was done. ' ‘ '

Chenges that ma,y affect UBers of the comuﬁer should be recorded
on the "Live Messages" board (located near the operation console). Such
neFHALSs. should include ‘the date amd the initials of th@ _person writing
it.

. -Evaluation of a temporary modification must be completed within
two weeks after the actual modification work is done. By the end of
this period everything affected must have been restorsd to its eriginal
condition, or the changes made must have bsen written up as a pexmanent
modification. In either case , once permanent conditions have been m-
established the tag and the "Live Megsage" are removed and the &
modification is completed by inapee'bion and checkout of the work. When
gatisfachory, the work sheet (pink copy) will be signed "Tesbted and
Approved” by  A. D. Hughes and will be returned to the MIC Office.
At this point the white copy will be withdrawn from the file of "Incom-
plete Tworary Modifica‘&;ions t@ clozs out that m@difica,bion as emapl@tee
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CONSTRUCTION REQUISITIONS

Constmctlon requisitions (form DL-73-3) are required when re-
questing work from one or more of the following:

1. Sheet Metal Shop
2. Machine Shop

3. Electrical Shop
4, Inspection Shop
5. Outside Vendor

Items not listed above are handled as Work Orders ~or Purchase
Requisitions by procedures descrilibed under those hee.dings. ’

All Gonstruction Requisitions must be processed through the
MIC Office ( R. B. Pugliese ) for necesssry signatures and for use
in expediting, stock records, etc. The original copy is then submitted
to the Production Control Office (PCO, M. J. Bright, D-139). Here the
remaining information such as estimated times and completion dates are
added by PCO. New copiles are then typed and sent to those concerned.
For MIC. one copy is sent to the MIC Office for its files and another
copy -goes to the originator. The MIC copy is kept on file for reference
purposes even after all work requested. has been completed.

Individuals may elther write their own Construction Requigi-
tions to be submitted to the MIC Office or they may supply that office
with the necessary infomation a8 described below and let the office do
the required paper work. Only one job per requisition form:is allowed.

Preparation of Construction Requisitions:

‘A. Box in upper right corner of form

1. Originator signs indlcated line
2. ‘PCO supplies proper CR number (when reqp.est reaches PCO)
3¢ -MIC Office £ills in Date, . Pro.ject No. s a.nd Account No.

B. Table to left of box (see A a.bove) |

1. ~Pu.r'_p5se w = = = = = = Check pzapw it,mn -
2. Type of Gon,s,umctlon - " f

3. Shop = = = = = = = = = Check one or more items, as required

4., Est. Time - = = = - = To be added by PCO

5. Approved by = = = = - . MIC Office- supplies necessary sign-
, a'bures

C. .Name of Assembly - name of device being c*onstructed. This
must be the’ same -as used on drawings it such exist.

D. Table covering rgst of form

1. Drawing No. - = = Supply print number only; PCO will
‘acquire prints as needed.

2. Description of part - Nemes of sub-asseémblies or eompon=
-ent ‘parts illustrated by correspond-
ing print. Name must be seme as on
print, if. ‘glven there. '
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If agsembly is identified by serial numbers
the starting serial number for the requested
quantity must be given.

3. No. Reqd. = Quantity of this item required. Originator
usually specifies only number of complete
.assemblies desired; quantities of component
parts are entered by PCO.

L. Date Needed Be realistic!

All remaining items are completed by PCO.

In certain special cases and at the discretion of PCO some
construction requisitions have been accepted with sketches when formal
prints did not exist. Usually this was done to avoid excessive delays
in critical items. Such exceptions. should be considered as."special
privilege" and scmething not to be abused. Always use formal prints
when thgy,exlst or there is sufficient time for them to be drafted.
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PURCHASE REQUISITIONS

The Purchasing ’Department can obtain material not carried
in the Division 6 Stock Room or unavailable from the Stock Room in
sufficient quantity,

I General Procedures

A Requisition Work Sheet, form DL=998=2, should be obtained from
the MTC office, filled in according to the instructions below,
and returned to the MTC office, B-155 (R. B. Pugliese). The
office staff will complete the requisition, obtain necessary
signatures, and forward it to the Purchasing Department, via
Ho B. Morley of Division 6 Material Requirements Office, D-109.

IT Preparing a Purchasing Requisition Work Sheets

A, TUpper Left Hand Corner of Form

1. Supplier--will be filled in by Purchasing Department
ess a request is being made for a special item which
is handled by one vendor or distributor. This usually
happens only when contact with the distributor has
been made by the requisitioner.
2o Attn. of-=applies only when direct contact with vendor
. representative is madeo

B, Upper Right Hand Corner

1., Date~=date form is prepared.
2. Date Delivery is Required-—approximate date.
3. Bldg.=-Bldg. E Receiving Room (filled in by MTC office).
h. EKtTention--fiTled in by MIC office.
. ZXAccount Noe==filled in by MIC office.

Co- Center Section

1. Quantity ,
2. Description--clear, concise, and complete description.
7 3, Price--if available.

Ds Material to be Used for--=state reason
E. Bottom Section

1. Wanted by==to be filled in by MIC office.
2. Group--Group 6l

30‘ ‘Bmgo “““'Bo

i, Room==B=155,

5. TeIephone--7231.
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' & sample Requisition Work Sheet, shown in the form in
which it should be presented to the MTC office (R. B. Pugliese) for
~ expediting, is shown on the next page.

III Book Purchase Requestss

The Lincoln Laboratory will not purchase books for individuals
but will acquire and put in its library, A=-229, most books on
request. The Book Purchase Requests; form plf-478, is self-
‘explanatory; when completed, it should be turned in to the MTIC
office. :




Suggested Supplier

MASS. INSTITUTE OF TECHNOLOGY
LINCOLN LABORATORY
DIVISIOb_l 6

REQUISITION WORK SHEET

Date 7-26-57

Date Deli-Required _ 8-7-57-

Address SHIP TO:,
Bldg. E - Recelving Rm.,
Atin: Tel.
Attn. of Account Number
QUANTITY UNIT DESCRIPTION S UNIT PR, PRICE
100 ea. G.E., NE-77 Neon lite Tube
25 ea R.C.A., 5UkG Tube
2 sets | V-22l Fan Belts (each set matched)
1000 ea. Allen Bradley, 220 ohm 1 Watt Carbon Resistor
6 ea Sprague, 6TM-S522, Tubular Paper Capacitors
2 ea Stancor, P-6135 Filament Transformer
Material is to be used for: 31 (3,
~ Wanted by Group ol Bldg. B Room 155
3 Telephone 7231
Q



6-6-57

3-h-1
WORK ORDERS

When requesting any of the services listed below a standard
Linecoln Laboratory Work Order form should be used. All such requests
must be made through the MIC Office ( ' R. B. Pugliese ) where sheet
number 2 of the form will be retained for the office files. From these
files the MIC Office will do the necessary follow-up and expediting work.

Work Orders are required for:

1.

2.

Building Services (addrass to George Richardson, Bldg Ek)

‘&, Electrical (Lights, outlets, bldg. distribution,

« - inter-com)
b. -Plumbing and Heating .

.o Air conditioning

d. Transportation of Equipment
@. Cleaning and Wexing
£, Building Al_tera‘bions

Office Equipment and Furniture (address to Joseph Bova,

Bldg. A-a'(o)

8. Desks and Gﬁairs
b. File Cabinets
¢. Fans

“d. Typewriters, Dictation Equipment

&, Desk Galeula’som

‘Telephones and IBM Equipment (add.reis to Robert E. Carter,
- B-110

. & Telephone installation and maintenance

b. - IBM purchases
¢, IBM rentals

Individusls requesting the above serv:i,ces nay either write up
the desired work order as described below and then submit it to the MIC
Office or thay may supply that office with the necesaa.ry in.formation
and le;ave the paper work to th@ Mm Office. '

Preparing a Wochk Order

Date - date that form is prepared
Eﬁ?‘oz Address - person and aﬂdress as indicated above
Work to be Performed For - R. B. Pugliese B-l55

~ Dept. or Project - MIC (Gp. 61&)

Tela m» - EJCB. 7231

 Work Should be com,o;.eted by - give date ths.'b represents a

reasonable length of time

Quantity ‘ supply if known’ or pertinent 5 usually
Drawing or Part No. ) not required

Description - clean, concise, and eomplete description of

wmrk being requested



6-6-5T

10,

12.
13.

3-h=-2

Estimated Cost - not filled in by MIC

Shop Work Instructions -~ please read and comply

Originator - Signature of person.requesting work

. Approvel - Necessary signatures (Sect., Gp., Div.)

acquired by MIC Office ( R. B. Pugliese )
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I.

IIS

TAPE AND CARD PREPARATION

General

There are at present three conversion programs which convert
the progremmer'’s symbols into notation suitable for storage in MTIC.
All of them produce for outputs punched paper tape of the '"h4-6-6"
format described in Section 23 of this manual and in Memorandum
6M-2527-2. A standard plugboard, labelled "Read-in", will cause a
4-6-6 tape to be stored in locations specified on the tape itself.
In addition, the second of the threé programs mentioned below can be
made to deliver output on binary cards. The resulting deck can be
read in using utility tape U3A, "Binary Card Load", or, in an emer-
gency, with two bootstrap cards and a plugboard labelled “"Van's
Card Read".

The three conversion program are:

A. Bagley's Basic Conversion Program is aveilable on L4-6-6
tape Ul in the drawer of the duty technician's desk.
It requires for iaput Flaxowriter tape prepared in the
format descrined below.

B. SAP (Symbolic Assembly Program) is available as a deck
of cards to be read in by tape U3A. It accepts as in-
puts Hollerith cards prepared on the 026 Key Punch, as
described under Card Preparation.

C. SYAAP (Farley's Symbolic Address Assembly Program) is
available on 4-6-6 punched paper tape, and accepts Flexo-
writer tape as an input medium.

In addition, there is a little-used tape UL5, which uses
for input Flexowriter tape prepared in the format of the Basic Con-
version Program and delivers output on binary cards.

Format for Bagley's Basic Conversion Program

This progrem regards the letter "1" and the digit "One" as
identical, and ignores space, color change, "comma", backspace, "stop
code", upper and lower cuse, "delete", and blank tape.

A sample coding sheet, DL-1490, and the copy of the Flexowriter
print of the resulting tape, are included on the next two pages for
illustration.

A. Heeding

The information in the heading will be found in the lower
right hand corner of the octal program form (DL-481-3 or
DL 1490). .

l. Feed out approximately six inches of blank tape.

2. Type the word "tape", then the tape number specified
on the progrem form. The title of the program and
the author's name may be included on the same line,
but no tabs may be used. The last character must be
a carriage return.



—__§100 ¥ : 111 1200 ca 20
101 § 1.00000 initial x 201 sof 1 .
102 1 1,00000 X 202 st 104 get new increment
103 § 1.37717 212 203 ca 102
104 § ha O increment 204 ad 104
105 1 ha O not_used 505 to 106 start over if x=+1
205 106 j§ ca 101 206 st 102 angment x
107 § st 102 reset x 207 mh 102
110 sof O 210 su 103
111 tr 200 211 ds 102 display
12 - 212 tr 203
~ [ —— T — r~ e ,_j
70 70
71 71
72 72
73 73
74 74
75 ; 75
76 e 76
77 77
Auto start at 1-106 LINCOLN LAB. M.IT. DIV. 6
increment in 0-20 LEXINGTON 73,MASS.

OCTAL PROGRAMMING CHART

TITLE __Parabols Display

AUTHOR Xellogg
TAPE NO. gzdi9

DATE _19 July

INDEX —

DL-1667

,,&3.)(_\.2..1‘

s

ARSI



tape O7dl9‘kellogg

octal

110} 100000 1,00000
111 £r200

'200‘ caZ0 sofl
210} sul03 - dsl02
auto’
- start at 1=106

137777

st10l
11203

ha0

5102

ha0 calll

adloly  t0l06

st102

stl02

sofQ

- mhl02

LG-92-1

T-€

€
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3. Type either the word "octal" or "decimal" on the
second line. This word must be followed by a
carriage return.

B. Body

l. The first item on the next line is the field desig-
nation of the first word in the program, which will
either be a "One" or a "Two" and should be found to
left of the first address. If the programmer forgets
to specify this, type the digit "One". Follow the
field number by a dash. Immediately after the dash
type the first address, a bar, and a tab.

2. Type the words successively across the page, follow-
ing each by a tab; do not type the comments. Follow
the eighth word by a carriage return instead of a tab,
if the word "Octal" was typed on the second line.

If the word "Decimal" wes typed on the second line,
type ten words across the page before the carriage
return if the carriage is long enough; otherwise type
five words across the page and give a carriage return.

3. Hach line should begin with the address of the first
instruction in that line, followed by a bar and a
tab. After the first line of the program it is not
necessary to repeat the field designation unless it
changes.

4, All words in a line must be stored in consecutive
registers. A new line must be started after every
gap in the program.

C. Ending
There are two endings for a tape: 'Start at" and "Auto
start at".

1. "Start at" is typed at the left margin, followed by
the field designation, dash, address, and a carriage
return.

2. "Auto start at" is typed:

"auto", carriage return, "start at", followed by
the field designation, dash, address, and carriage
return. |

IIT. Format for Farley's Symbolic Address Assembly Program

Programs to be converted by SYAAP should be prepared on the
coding sheet, form DL-1663. A sample coding sheet is shown on the
next page, followed by a sample of the proper Flexowriter output.

This program does not regard the letter "1" and the digit "One"
as identical, and ignores only stop code, backspace, and delete.
The general format consists of a "location tag", tab, "word", tab,
"Comments", and a carriage return. Any one or two of these elements




DL-1663

PROGRAM TITLE —Quartic garabola

DESCRIPTION Displa ickin ingremen

PROG.NO.._07520___ PAGE NO._Z-1-5.
AUTHOR___Small :

from 0-20 DATE 19 July
TAG INSTRUCTIONS OR DATA COMMENTS
oP ADDRESS
1-1000 ca rc 1,00000 initial x to reset
st X x deflection
sof 0
ca 20 get incre"ment
sof 1
st increment
dj_:’;g_-,_p;gy. ca x
mh - X_ calculate y coord
mh X
: mh p.S
ds X
ca X increment x
ad increment
to 1000 start over when x=+1
- st X
tr display

end'_ IJ_I ‘ ' “
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1-1000@

display

ca rc. 1,0000Q
st x

sof O

ca 20

sof 1

st increment

ca X

.mh x

mh x
mh x

ds x

ca X

ond || ]

ad increment
to 1000
st x

tr display

3e=i=b

initial X to reset

x deflection

get increment

calculate y coord

increment x-

start over when x=+l1
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Iv.

mey be omitted. Each MIC instruction and the letters rc (register
containing) must be followed by a space.

The rules for typing programs in this format are few and simple.
1l. Feed out approximately six inches of blank tape.
2. Carriage return.

3. Start typing with the first instruction or tag, omitting all
material in the heading. The format will yield three distinct
columns:;

a.) The first will contain all the tags,

b.) the second will contain the MTC words (material contained
in the "Instructlons or Data" columns of the Coding Sheet),
and -

c.) the third will contain éil-the comments.
N

k. After approximately one page of typlng or when the programmer
specifies, give a carriage return, type\51x or more bars, give
another carriage return, and continue as tﬁbugh it were a new
tape.

5. The end of the program is indicated by typing carriage return,
the word "end", and six or more bars. The first bar must come
immediately after the word "end", with no intervening spaces.

6. The symbol l| (two bars) will cause SYAAP to ignore all mater-
ial since the last carriage return. Hence this symbol may be
used to correct typing errors. It is not necessary to correct
minor errors in the comments, since they are ignored by the
program.

Flexowriter Operation

The Flexowriter has been designed to punch a‘taﬂ; while a
typed copy is being prepared. Each character on the keyboard will
punch a six-bit code on the tape.

A. PFunctional Switches

Except for the "On-Off" switch, which is located at the right
of the keyboard, and the "Normal Print - Reproduce No Print"
switch, these switches are located on the face of the machine
directly above the keyboard.

1. Start Read - Depress and release this button to start the
tape reader. Whenever it is depressed it
stops the reader until it is released.

2. ©Stop Read -~ Depress and release this button to stop reader.

3. Punch On - When this button is depressed, typing will cause
the codes to be punched into the tape. When 1t is
lifted only the typewritten copy is produced.
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L. Ignore Stop Code - When this button is depressed, the tape
reader ignores both the stop code and other
illegal combinations of holes. When it is
lifted these codes will stop the reader.

5. Seventh Hole - When this button and the "Punch On" button
are depressed, an accompanying seventh
hole is punched for each character on the
tape. This button must be down whenever
tape 1s being prepared to be read into the
computer.

6. Stop Code - When depressed this button punches a code
into the tape which, when read, will cause
the reader to stop.

7. Code Delete - When this button is depressed, all six
holes will be punched, thereby changing the
character into an ignored combination.

8. Tape Feed - When this button is held depressed with
"Punch On" depressed, tape will be fed.

9. Normal Print - Reproduce No Print - Located either on the
right or top of the machine. See D and E
below.

Loading Paper

If paper with sprocket holes is used the pressure release lever

of the far left of the carriage remains in the forward (released) posi-
tion. Bring the paper over the guide bar and under the . roller. Guide

the

paper in and turn the roller until the holes line up with the

sprockets. If paper without sprocket holes is used, pull the pressure
release forward (released). Insert the paper just as before, but
bring it up and position it. Then push the pressure release back,
gripping the paper in place.

C.

the

Loading Tape

To insert a new spool of tape, remove the bar on the rear of
Flexo. Remove the spool cover by loosening the knurled screw.

Remove the old spool and place the new one on with the tape coming

off

the bottom towards the right, looking at the machine from the

back. :

Bring the tape below the tape guide and over the tapé tension

arm roller, under the finger on the roller 1f there is one. Open

the

tape hold-down arm, Jjust in front of the plastic chip catcher,

which also 1lifts the tape run-out arm. The tape can now be placed
into position by edgewise insertion. Close the tape hold-down arm.
Depress the "Punch On" button, press the "Tape Feed" button, and
pull the tape out at the same time in order to run the tape into
proper operating position.

D.

Normel Print

The switech is located on the right of some Flexowriters, but at
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the top left of others.

1. With the switch in this position and no other buttons de-
pressed, the Flexo operates like an electric typewriter.

2. With the "Punch On" button depressed, the machine will also
punch a paper tape.

3. If "Start Read" is depressed with a tape in the reader, the
tape being read will be typed on paper. If in addition the
"Punch On" button is depressed, a new tape will be made.

E. Reproduce No Print

This is the same switch as Normal Print.

Place a tape in reader. Press "Start Read" and a duplicate
tape will be punched. All buttons should be up.

F. Correcting Errors

l., To correct an error detected immedistely:

8. Back up the tape 1 character with the knurled knob to
the left of the punch.

b. Push the "Code Delete" button.
¢c. Type the desired character and proceed.

The "Backspace" key on the keyboard will cause a backspace
character to be punched on the tape. Therefore, do not bother to
correct the typewritten copy, but rather complete the tape and then
print it again with the punch off. Use this second printed copy for
final proofreading.

2. To correct an error discovered much later:
a. Make note of the error, but complete the tape.

b. In the "Normal Print" mode, copy the tape by running it
through the reader with the punch on and with the "Sev-
enth Hole" button depressed.

c. Depress the "Stop Read" button as that character is
typed which immediately precedes the error.

d. Depress the key on the keyboard corresponding to the
desired character.

e. Advance the faulty tape one character by means of the
knurled knob to the left of the reader.

f. Push "Start Read" to continue copying.

The corrected tape so oblained should be printed with the punch
off, and the copy so obtained should be used for final proofreading.

Card Preparation

At present MIC has only one card assembly program, called SAP
(Symbolic Assembly Program). Cards are prepared for the programmer
from FSQ-7 Coding Sheets (Form DL-1428). Therefore, the correct format
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is the programmer's responsibility. This format is described com-
pletely in Memorandum 6M-4403. Columns 8-42 of a sample coding sheet,
and the Hollerith Card punched from the third row of the sheet, are
shown on the next page.

Cards prepared at MIC may be taken to the card room in the base-
ment of Building A for numbering or for listing by the 407 accounting
machine.

Most programmers desire to have some sort of identification
punched on each card. This is punched in the first four or six col-
umns of the card, and then duplicated on succeeding cards. The MIC
operator will not number entire decks of cards, but correction cards
will be numbered, if the programmer so requests. This numbering is
done in columns eight through sixteen.

Since the position of a character on the card is very important,
care should be exercised during the punching to be sure that each
character is punched into the card column corresponding to the column
which it appears on the coding sheet.

To distinguish between the letter "0" and the digit "zero",
many programmers draw a slash through the zero, e.g. D¢¢¢ These
slashes should not be punched. .

The card machine is not intended for duplication of binary
cards, but a binary card can be punched on this machine, one row at
a time.

However, the MIC operator will not punch binary cards.

VI. IBM 026 Key Punch

A. General

The key punch records information from its keyboard on 80-
column cards in Hollerith Code.

Cards move from the feed hopper at the upper right to the
punch station just below. The punch is in the partition between
the punch station and the read (middle) station, and punches one
column at a time; thus the card moves one column to the left
every time a character is punched into it. Unless printing is
suppressed by Program Control, the character punched is simul-
taneously printed in the colored strip at the top of the card.
Finished cards go to the stacker at the upper left, Jjust below
the power switch.

The partition between the read station ahd the stacker contains
brushed for card reading. In normal operation the card Just
punched moves out of the read station as the card being punched
moves into it; when the machine is in its "Auto-Dup" (automatic
duplication) function, punching from the card just punched is
duplicated in the corresponding column of the card being punched.
"Auto-Dup" is explained more fully under Program Control, below.

Above the read station is a compartment containing a Program
Control Drum, around which is wrapped a standard 80-column card.
Punches in this card may be used to control automatic duplication,
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automatic skipping of columns, keyboard shifts, and other functions
if the Program Control Lever (the blue plastic lever under the drum
housing) is "On" (left end pushed in). With the Program Control
Lever "Off", these operations may be. controlled manually from the
keyboard; in this case the program card need not be in the machine
at all. Around the base of the drum is a scale numbered from 1l
to 80, by means of which one can tell what column is next to be
punched.

Keyboard
Except that the digits are fouﬁd as upper case characters at

“the right hand end, the keyboard is conventional. When the Pro-

gram Control Lever is "Off" (right end pushed in) the normal shift
is alphabetical, that is, lower case. To get a numeric (upper
case) punch one must hold down the "Num" shift key while striking
the proper character. After a series of upper case characters

has been punched, it is wise to tap the "Alph" key to insure that
the alphabetic shift is engaged; however, this key need not be
held down.

The backspace button is not on'the keyboard but on the body of
the machine Jjust under the read station. Pressing it will move
the cards in both the read and punch stations to the right, so that
additional punching may be done in a column previously punched.
If the button is held down, backspacing is continuous at the rate
of about four columns per second; to backspace one column, depress
the key and release it quickly.

In normal operation of the key punch, card advance occurs
automatically, just before the hole is actually made in the card.
However, the "Mult Pch" (multiple punch) button on the keyboard
prevents the card from advancing on any but the first character
of the new column, so that several characters may be punched in
the new column.

There are two "Skip" keys on the keyboard. The upper one,
nmarked with a dash, gives a single punch in row 11; the other one,
on which only the word "Skip" appears, produces no punch, but
merely moves the card left one column. The space bar has the
same function as the latter skip. Card format, and the corres-
pondence between characters and punches, can best be understood
by looking at the figures on the next page.

The Symbolic Assembly Program and the 407 Accounting Machine
interpret the sign "#" (3 punch and 8 punch) as meaning "+" or
plus, and the "@' sign (4 punch and 8 punch) as "-" or minus. In
addition, the dash (11 punch only) is an acceptable minus sign
for SAP.
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\
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C. Hollerith Code
As interpreted by IBM 026 Key Puncia

.E

A B CDEVPFGHIJKILMNUNO®P®PQIRST u v w X ¥ zZ

12 12 12 12 12 12 12 12 12

11 11 11 11 11 11 1111 11 .
0O 000 O0O0O0O0

1 1 ,
2 2 : 2
3, 3 3,
6 e 6
7 K (
8 '8 8
9 L9 9
Row & - 0 1 2 3 4 5 6 7 8 9 'V - $ , #F ¥ % @
12 12 12 12 - '
11 11 , I 11 11
0 0 o 0 0
1 1 L
2 2 :
3 ' 3 3 3 3 3
} 4 | . bbb
5 5
6 6
T T
8 8 i
9 .9 8 8 8 88 88 8
+ 407 Accounting Machine e + -
‘Notes: The 407 Accounting Machine meskes the substltutlons shown above for

n&n n#u and n@n
The MTC Symbolic Assembly Program (SAP) 1nterprets e (3 punch and 8

~ punch) as "+", but not the "&" (12 punch only).

SAP interprets either 11 punch, or k4 puq;h and 8 punch, as "-" (minus).
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D. Operating Instructions: Manual Céhtrol

lo

Punching

Either the Program Control Lever or the "Auto-Dup" switch
should be "Off" when punching the first card.of a serles, or
when punching a single card.

When the Program Control Lever is "Off", the keyboard is
normally in alphabetic shift.  To punch any upper case chara-
cter, the "Num" key must be depressed, and held. After a
series of upper case characters has been punched, it is wise
to tap the "Alph" key to insure that the alphabetic shift is
engaged; however, this key need not be held down. When the
Program Control Lever is "On”, the normel shift is numerical
unless alphabetic shift is programmed; but the program card
mey be overruled by means of phe shift keys on the keyboardn

Before releasing the flrst card of a series or punching
its 80th column:

a. If automatic feeding of successive cards is desired,
turn on "Auto-Feed".

b. If program card control of succeeding cards is desired,
turn on "Auto-Skip, Auto-Dup" and the Program Control
Lever (it is on when pushed in at the left).

Card Removal -

To remove a card from the punching station, turn the
"Auto-feed" switch off. Then push:

a. "Rel" (release)

b. "Reg" (register)

i
c. "Rel" © Cards mey be removed menually at
. this t%me.
d. "Reg" Cards,gill be stacked.

Cards will automatically be removed from the card bed
as other cards are fed into the punching station.

Single Card Feed

To get a single card undef the punch, place a card in
the feed hopper at the upper right, then:

a. Turn "Auto-feed" off.
b. Push "Feed".

c. Push "Reg"" (reglster) The card will now be under the
punch.

Pause after pushing a control button.
Automatic Feed )

To punch a series of cards, place an adequate deck in
the feed hopper. Then: i ‘
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Turn "Auto-feed" on.

Push "Feed" twice.
the punch.
matically under the punch
is released or its 80th c

5. Duplication of a Single Card
a. Turn "Auto-feed" and "A.u.t1
b. Insert the card to be dupl
guides between the readin
station.
c. Feed a single card. ‘
d. Hold down the "Dup" (dupli
6. Lock-up '

The machine may jam and 1

are accidently pushed simultai

countered during an automatic
shift.

If an "Auto-Dup" was stopped
"Alph Shift" and then backspa

numbers satisfactorily when i

Program Control

It is possible to place the qv
Dup", shifting, and printing undel

column of card being punched, the

punches in the corresponding coluy

control drum. When the Program C¢

The £J
Each subsequer

Backspacing will reli
remaining columns may be skipp
by a letter, one can depress

3-i-15

rst card will now be under
}t card will be plaeced auto-
as soon as the previous card
$lumn punched.

0-skip, Auto-Dup" off.

icated through the plastic

% station and the punching

cate) button.

Lck its keyboard if two keys
neously or if letters are en-
lduplication in numerical

>ve this condition, or, if the
ed, the card may be released.

e. "Auto-Dup" will reproduce
1 alphabetic shift.

erations of "Auto-Skip", "Auto-
Automatic control; in a given
e operations are controlled by
ln of the card on the program

ntrol Lever is "On" (pushed in

to the left) these functions are 1ormally controlled by punches

in rows 12, 11, 0, 1, 2, and 3; t
of the card being punched is cont

corresponding column of the-progr?
"Alternate Program" button is pusi
the punches in rows 4-9 of the coj

The program control drum shoul

when the program control lever is
the column 1 position; the best w
"Release". The drum cover is loo
bottom.
parallel to its axis.

The card locking lever is insj

it points toward the center, the

released; when it points in a clog
end is released; and when it point
The
should be inserted first, then the
then be pushed down so that its 9|
flange of the drum, and locked in

ection, both ends are locked.

s Tl

The drum snaps into placeé

tlle function in a given column
rolled by the punches in the

um card. However, when the

ed, control is transferred to
rresponding program card column.

d be removed or replaced only

jjoff, and when the drum is in

iy to make sure is to press

e at the top and hinged at the
and can be removed by pulling

de the drum at the top. When

rolumn 80 end of the card is

kwise direction, the column 1

s in a counter-clockwise dir-
column 80 end of & new card
column 1 .end; the card should
edge rests firmly on the bottom

place.
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Program Card Preparation

It is convenient to define a field as a group of consecutive
columns on which a given operation is to be performed. Fields
are denoted on the program card by a simple code: there is no
12 punch in the first column of a field, but there are 12 punches
in all subsequent columns. For alternate program fields, the
beginning of a field is defined by absence of & 4 punch, and
subsequent columns by the presence of a 4 punch. Operations
within a field are controlled as follows:

1. Auto-Skip: If the first column of a field of the program
card has an 11 punch (or 5 punch for the alternate program)
all columns of the fileld on the card being punched will be

skipped, provided that the "Auto-Skip, Auto-Dup" switch is
On',

2. Auto=Dup: If the first column of a field of the program
card has a O punch (or 6 punch for the alternate program),’
punching in all columns of the field on the card being
punched will be duplicated into correspondlng columns of .
the following card.

Shifting, Printing of left zeros, and suppression of print-
ing during automatic duplication will work as described below.

3. Alphabetic shift: Under program control, the normal shift
is numerical, and the machine will stop duplicating automat-
ically if a lower-case character is encountered. But a 1
punch in a column of a program card (or a 7 punch for the
alternate program) will cause the shift to be alphabetic
when the corresponding column is being punched, whether under
keyboard or Auto-Dup control.

4, Left Zero Print: The machine normally suppresses left zeros
in the printing, but will print left zeros in any column if
the corresponding program card column hes a 2 punch (8 punch
for the alternate program)°

5. Print Suppress: If the progfam card has a 3 punch (9 punch
for the alternate program) no printing will occur in the
corresponding column of the card being punched.

These rules are summarized inside the Progream Control Drum
cover, but may be more clearly presented by the following table:
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D, Program Card Codes

Operation
Field definition

Auto-Skip
Alph Shift
Left Zero Print
Print Suppress
Auto-Dup:
Num Shift
Alph Shift
Left Zero Print

Print Suppress

Operation
Field definition

Auto-Skip
Alph Shift
Left Zero Print
Print Suppress
Auto-Dup: |
Num Shift
Alph Shift
Left Zero Print

Print Suppress

Main Program

1lst
Column of Field

Space
Dash~Skip
1
2

H W~ O

Alternate Program

lst
Column of Field

Space

O ®

6 and77
6 and 8
6 and 9

3-i-17

Subsequent
Column of Field

Q o > & 8

Q W >

Subsequent
Column of Field

L
L
4 and 7
4 and 8
4 and 9

4 and 6
4, 6, and T
L, 6, and 8
L, 6, and 9
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MTC COMPONENT TEST REPORT

Whenever a plug-:m—-unit, or tube, is removed from MIC, it is
replaced with a pretested "interim unit¥; a defectiva component is re-:
placed with a new one, In either case the suspect item mist be tested,
and the cause and nature of any failures so discovered must be rescorded
on the Hollerith log record, The vehicle for the paperwork is the MIC
Component Test Repor‘c,° Blank forms for this report are kept in the Duty
Technician'’s desk; since they are numbered consecutively, one should be
sure to take sheets from the top of the pile, and to take only &8 many
as will be used, Sections A through D and section F should be filled
out at the time the plug-in-unit, tube, or component is removed, The
Component Test Report should also contain the incident number under
WRemarks®; and the Component Test Report number must appear in both the
log and the incident report,

The offending device and the triplicate form should both be
sent to the MIC office (R. B. Pugliese), What happens then depends on
the type of devices

1, If it is a tubs, the white copy of the report is filed in
the MIC officey the yellow and pink copies accompany the
tube to the tube test shop under Ted Clough in the Barta
Building. 4An MIC engineer may elect to request a new tube;
in this case, or if the old tube tested defective, the new
new tube is returned to the MIC office, along with the
completed pink and yellow copies, The pink copy is filed
with the white copy indicating that the transaction is ‘ready
for IBM cardss and the yellow copy is returned to the tube
shop when the -bube is put back in service,

2o If the defective devics is a circyit elemsnt, such as a
resistor, capacitor, pulse transformer, or diode, it is
sent to the component test shop under Howard Hodgdom in
D=2)43, .The procedure is the same as for a tube, except
that the compgnent is not returned, since it has since
been replaced with a new one, If the yellow copy has
been returned, it is discarded, '

3¢ If the defective device is a plug-in-unit, it goes to the
MIC technician in charge of plug=in-units, along with the
pink and yellow copies of the Component Test Report. He
will test it and remove the defective tube or component,
adding what he can to the report and makmg out additional
ones if more than -que tube or component is removed, Any
suspect tubes and components are treated as in 1 and 2
above, The plug-in-unit is retained by the technician
until the reports come back from the tests; then the unit
is retested, and replaced in the computer, .As before,
pink copies of the reportis are filed in the MIC office,
while yellow copies return to the MIC technician for "his
records,
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MIC Publications on Preventive Maintenance and Marginal Checking

'PM Books

M.C. Lipg L:i_._st

Location ) Lis_t

P.I.U. Master

First, Ma.rg:l.na.l
Check Progra.m

Second ) Line

Number .

First, Voltage
Second, Line Nmn'ber

- (should be same)

_ L‘ch.tion

P.I.U. type, Serial

"Location of all units on line,

Function of units checked by
the program under which thg
page is filed. :

Other programs fo:é fhis line.

Any pertirent prints.
MC voltage. ‘
Limits.

. Danger points.
‘Shows. margins by date

. Locations checked

Type of units checked
Number of units checked
Program used

Has ind.ex by function

~ Shows spares, fuses out,

switches » eteo

Margin Line that checks each
location

Type of unit . \
Serial number

Function of unit

Location
Program

Line |
Change level
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'STANDARD SYMBOLS FOR LOGIC

O0.1p sec Pulse > +10 or -30 Level I]
Non Standard Pulse > Non Standard Level <
Gate Tube Buffer Amp. Cathode Follower  Level Setter

fa e o a e oo o ule

Level ' Register: Driver Selection Plane
Power C.F. ‘In’verter R - Driver

- | \
—@| FCF {—0 —pr RD g —P|SPD >

yi
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STANDARD SYMBOLS'FOR LOGIC

Coincidence Gas Tube Sense Digit Plane
Detector Pulse Gen. Amplifier Driver

g {—D—OGTPG —> ™ sa =Dy —>
A
T | !

Drum Read Drum Field Drum Read ~ Drum Write
Amplifier Driver Driver : Driver

—> rA D> —<| D —o —OE—O—{} wp —>

Flip Flop Drum Writer Tapped Veriable

' Delay Delsay
t ¢+ & &
1 0 , e

FF D — D2 ) B
Lk J i / —

R B —

Dual & Cathode Diode Logic Diode Logic

Follower ‘(& CKT) (or CKT)
DL | ou
D&CF [—@ & [— @ or @

& and "or" circuits are positive unless otherwise specified.
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- MIC Service Mesnual, Section 4
'COMPUTER AUXILIARIES

a« A.C. Distribution

b. D.C. Power Supplies

¢. D.C. Power Control v

d. D.C. ~.bistriioﬁtion"lv‘ |

e. Ma.rgina.i Checkihg Sy,stézi B
£. Air-Cozi_ditioning SyStem,' o
g. Intercom

h. Probe System

i. Synch System

Jjs» Cyclic Control

k. Monitors
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AC DISTRIBUTIGN

The source of all power for MIC comes from 208V 3¢ lines,
These lines supply a maximum of 350A at 208V, 3@ and are protected by
two main circuit breakers, each rated at 175A, and connected so that
when one trips, the other also trips. After the main circuit breakers,.
individual lines are tapped off for both the computer room and the
power room as shown in the print on the next page, a reproduction of
SA=82113,

Individual circuit breakers rated at 175A are provided for
protection of AC circuits in both the computer room and the power room
respectively,

In the computer room the AC power requirements for the various
frames are tapped off the output of the 1754 circuit breaker, and are
fed through individual 30A single phase circuit breakers for circuitry
protection within a given frame, Circuit returns in all cases are
wired through a neutral lead which comes directly off the input circuit
mains, This power is independent of the relay control described below,
except that the main breaker must be on before the relays will work,

In the power room the AC for the various power supplies is
tapped off the output of the 175A circuit breaker and is fed through
individual single~phase circuit breakers,

SUPPLY EREAKER CAPACITY
$250 ' ' 20&
=140, =180, =300 304
+600 208
=150 ~ Loa
4150 LO&

410, <15, =30, 490 308
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DC. POWER SUPPLIES

Gensral

The Memory Test Computer uses ten basic standard voltages°
-=300V 5 =180V, =150V, <1LOV, =30V, =15V, ¢10V, +30V, +150V, and 4250V,
Nine of these wvoltages are obta:med from threeaphase rectifiers, while
a tenth (»180V ) is obtaimed a bleeder across the =300V supply, An
AC and DC interlock system provides protéction for computer equipment
if one of the power supplies should fail, The interlock system auto-
matically shuts off all DC voltagss in proper sequence,

" There are also several non-standard voltages supplisd %o ths

compu‘bero ‘One of these is 4600V, which is obtained from a special

bridge type vapor rsctifier, Other special voltages supplied are -L8V
and <60V for the Tape Adapter Frams, These voltages are obtained from
full wave germanium wectifier circuits, The =60V is not obtained as
such, but as an isolated =30V DC source which is added in series with
the standard -30V to obtain ths ~60V, There are other miscallaneous
supplies which ars not part of the regular MIC power supplies, but

are included on the equipment which uses them., These supplies in-
¢lude the high voltage sources for display purposzes and the separate
supplies in some in<out equipment,

In general, the regulated power supplies meet the following
specificationss

1, Ripple shall be less than 0,2% peak to peak at any load
from no load to full,

2o The sm‘ady state regulation shall not vary more than
0,6% for any combination of the followings

no load to full, and ¢+ 5% line change,

3. The transient regulation shall not vary more than ¢ 0,3%
a5 msasured from the final steady state walus for a -
20% step of load or for a 5% step of line voltage abovs
or below rated line wvoltage,

L. The regulating system shall be sufficiently stable to
damp to within 5% of the steady state walue within 3-
cycles of the natural frequency of the regulator after
a.load or line disturbance,

5., The drift shall not exceed 1% per month, 0,3% per day,
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II, Brief Description of Relay Combrol ' !

Powexr for MIC is turned cn through a series of interlock«»
ed relays and time delay ccntrols, The relays are located in the
racks to the left of the colum in B=0513 the circuit is shown on
print D-47091, If all breakers are on, filamnt power may be
applied to the power supplies by pushing the ¥standby® button, A1l
A.C, relays are actuated and after a 5 second delay the power supply
filaments are turned on, In order to allow all tubes to come up
to their rated temperature, a minimum lapse of a minute and a half
mist be allowed at this point bafore the ¥Powsr cn® switch is effec-
tive, Pushing "Power on® after the wait will cause the D.C, supplies
to com# on in the following orders

S@@encq Tims
lo =30, =15, 10V on 0
2, =300, 180, <LLOV om 0,025 Bac,
3, =150, +150V on 2,000
ko 4250V cn 2,025
5, <90V ¢n 2,050
6, Sensitrols becoms active 3,000

If any DC supply should fail to come up to its ratsd
voltage < 5%9 a Sensitrol relay will causs the entire set of relays
to cycle back to a status which resembles "3tandby® except that the
TReset® button mist be pushed to set any relays that failed to go to
B3tandby® status when the incorreet voltage was detected, This
condition iz indicated by a "hi® or ®lo¥ wvoltage light en the con-
sols and on the relay control panel in B-051,

ITT Rectifiers
A, Basiec Cirsuit

The basic powsr supply used for most of the MIC BC
rectification iz a three phase, star-connected ecircuit using an -
interphase winding comnecting the cutputs of the two sets of
three rectifiers together, This is shown in the schematic on
the next page. '

B, Need for an Interphase Transformer

A simple 3-phase system, although it results in the
obtimum utilization of the plate transformer, gives rise to d-e¢
saturation of the transformer cors, It also introduces even
harmonics in the primary current and a large ripple in the DC
voltage, In order to overcoms these difficulties it is neces-
sary to make the number of secondary phases an even muiltiple
of the primary phases, To gecomplish this and still retain
the advantage of the 3mphase system, it is customary to segre-
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gate 6= or 12-phase secondaries into 3-phase groups, This is
accomplished by the use of an interphase transformsr, sometimes
called an absorption-reactance coil, The main advantage of the
interphase transformer areg - :

1, it improves the utilization of the rectifiers;

2, by reducing the psak value of the anode current,.
it lowars the arc drop and improves the efficiencys

3, it improves the utilization of the main transformers

ho by reducing the amount of current being commuted at
one time, it improves the regulation of the d-¢ vol-
tageo

The midpoint of the interphase transformer @onstitu’cas

- the negative terminal of the rectifier unit, Each 3-phase wind-

ing with the rectifier elemsnts connected to it constitutes a
cammtating group, The two commutating groups operate in para-
11el, each carrying one<half of the total direct current, The
interphase transformer absorbs the difference hetween the in-
stantanecus DC voltages of the two groups, The direct current
flows in opptsite directions in the two halves of the inter-
phase transformer winding and therefore produces no DC magneti-
zation in its core, The triple-frequency AC -voltage applied
across the interphase transformer causes a triple-frequency
alternating magnetizing current to flow, This current, supp-
lied by the filament circuits of the wrectifiersyflows between
the two commutating groups through the rectifying elements, It
must therefore flow in the forward direction (anode to cathode)
through the rectifying elements of one group, and in reverse
direéction (cathode to anode) through the rectifying elemsnts

of the other group, The full wvalue of the magnetizing current
can flow in the reverse direction only if the dirvect current
through the rsstifiers is equal to or greater then the peak
value of this AC magnetizing current, so that the net current
flow is in the forward direction, Below this value of direct
current the interphase transformer is not fully magnetizedg

as the direct current approaches zero, the interphase trans-
former becomes practically ineffective, and the circuit be-
haves like a single commutating group of six phases, The DC
load current at which the full magnetizing of the interphase
transformer can flow is approximataly .1% of the full-load
@wrren'itzo

C, Properties of Thyratrons and Arc Rectifiers

The rectifiers in the MIC power supplies are
electron tubes to which a small amount of gas has been
added., This gasgyionized by the electron stream, increases
conductivity, Gas triodes are called ®grid-controlled
rectifiers® or ®Thyratrons®g gas diodes are fslmply called
Warc rectn_f’ers“’
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These hot-cathode gas tubes are rated according to
several voltage and current limits:

1. Pesk inverse voltage is the maximum negative voltage that
can be applied between anode and cathode, as ;imited by
arc-back probability.

2. Peak forward voltage is the highest positive voltage between
ancde and cathode of a thyratron that can be controlled by
the grid.

3. Average ancde current i1s the highest average current that a
tube can carry continuously without overheating.

k. Peak anode current is the highest instantaneous value of
current that a tube can carry periodically, as limited by
cathode emission.

5. Surge current is the maximum instantaneous transient current
that a tube can carry during a fault, such as a DC short
circuit, without immediate failure.

The heating current of a gas-tube filement must be
applied for about a minute and a half before the tube is per-
mitted to carry anocde current; this wait allows the cathode to
come up to the emission temperature, and, if the gas filling
is mercury vapor, to vaporize the mercury. The arc-drop voltage
of a gas tube is about 8 to 16 volts, depending on the vapor
pressure. When the arc drop exceeds about 22 volts, the coating.
is sputtered off by ion bombardment; this removal shortens materially
the life of the tube. The vapor pressure in a gas tube is a
function of tube temperature and is therefore affected by ambient

" temperature. Excessive bemperature and vapor pressure may cause
arc-backs. Too low a temperature increases the arc drop and may
cause disintegration of the cathode.

The pogsibility of an arc-back is the major fault of a
power rectifier. An arc-back is defined as a failure of the
rectifying section which results in the flow of a principal elec-
tron stream in the reverse direction, because of the formation of
a cathode (emissive) spot on an anode. It can occur when the
anode is at a negative potential with respect to the cathode. When
a cathode spot is established on the anode surface, current from
the other ancdes of the rectifier flows to the faulty anode; this
flow results in a short circuit of the DC winding of the rectifier
transformer, limited only by the impedance of the transformer and
the AC system and by the arc drop in the rectifying devices. The
current to the faulty anode, and, in the transformer winding to
which it is comnected, flows in the reverse direction from normal;
it can attain magnitudes many times the rating of that winding. If
other sources of AC power are connected to the same DC circuit as
the rectifier, current from the DC circuit will also flow to the
faulty anode through its cathode. The
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direction of current flow is from the positive side of the DC
circuit, through the faulty rectifying device and its trange
former winding, to the negative side of the DC circuitg this
is the reverse directiom from the narmal flow of current from
the rectifier to the DC circuit., If the ensuing reverse curr-
ent is not interrupted immediately, equipment breakdown will
more than likely occur, The three principal protective devices
used for protection of the rectifier equipment and the AC’ and
IC eircuits against an arc-back ares

1, An AC breaker between the rectifier plate transformer and
AC liney

2, an anode @ﬁrmﬁt"breaker betwsen the rectifier plate trans-
former and the rectifying devices, and

3, alC breakei' between the rectifier- and the DC load circuit.
With suitable protection no damage is done to a rectifier unit

by an arc=back, and the unit can resume normal operation immed.
iately, ‘

IV. Regulation of Supplies Using Mercury=Vapqr Diodes

A‘o

Series Regulator Tube’ Saction

The purpose of the series regulator tube section is to
provide a variable DC resistance in series with a supply,
which can be varied automatically should the ocutput voltage vary,
Each series regulator panel consists of six 6080 type dual tubes
as the variable resistance element, All twelve tube sections are
connected in parallel to give sufficient current handling capa-
city. Although each tube section can handle a maximum of 125ma,
for a tatal of 1,5 amperes per regulator panel, an attempt is
made in MIC to limit the maximum current per panel to 1 ampere,
This is necessary because, although all tube sections are parall-
eled, the distribution of current is such that soms tubes will
conduct more heavily than others, Each tube section is fused
with a 150ma, slow=blow fuse, Blown fuses are indicated by
means of NEZA neon lamps, which are normally lighted except when
a fuse is open, There is also provision in the series regulator
panels for monitoring the individual tube section currents, This
is accomplished by plugging a 0=200ma DC milliammeter into the
front of the panel at the appropriate jacks and varying the
thirteen=position switch located on the panel, The switch shunts
all currents except the tube section being monitored, Because
of this, it is necessary to return the switch to its counter-
clockwise or ®off" position, otherwise an open tube section will
exist when the milliammeter is removed,
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Servicing a seriss regulator panel often involves
nothing more than replacing a burned out fuse or replacing a -
spent tube, The average drop across a series regulator tube
from plate to cathode is. approximately one hundred volts, The
bias, which is obtained from a common bias bus in each respec-
tive power supply, varies depending upon the power supply and
upon the current drain required, The range of bias normally
encountered varies from about ten volts to fifty vol’css with
the heavily loaded panels having the least amount of grid bias,
In the event of a grid-to-cathode short, the tube section which
has shorted will cause that tube section. to draw a large amount
of current and the plate fuse for the section will open, How-
ever, due to the presence of a large isolating resistance of
100K in each grid circuit the grid-cathode short will not
affect the voltage on the common grid bus and all other tubes
will continue to operate normally, The series regulator con-
trol circuit is shown on print C-60957,
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B, Amplifier, Regulator

The amplifier, regulator has a dual purpose, One of
its uses is to supply a regulated DC voltage to be used as a
reference for comparlson with the supply which it is regulating,
Its other purpose is that of a DC amplifier which amplifies the
error voltage (the difference between its own reference and that
of the power supply which it is regulating) and whose output is
cathode~zoupled to drive the common bias line of the series reg-
ulators,

The reference voltage for the amplifier, regulator is
obtained from the full-wave stack of selenium rectifiers, This
voltage is then filtered by an L-C filter and is regulated by
6073 and 5651 cold cathode voltage regulators, The tube drop
across the 6073 is approximately 150V and the drop across the
5651 is approximately 85V, By using the proper attenuator cir-
cuit the voltage is bucked against the feedback voltage from the
power supply which is being regulated, The only difference bet-
ween the amp11fier9 regulators from the various power supplies
in the attenuator circuit and regulator circuit, The +10, =15,
and =30V amplifier, regulators contain one regulator tube ahead
of the attenuator circuit, The +30, =1L0, 150V amplifier, regu~
lators contain two regulator tubes and the 4250, =300V amplifier,
regulators contain four regulator tubes, The additional changes
are summarized in the table below,

VOLTAGE 5651 RECUIATGES _RL Ro_ _R6
+10 1 56K + 1% 100 + 10% longoiso
-15 1 S6K ¢ 1% 8.2K ¢ 1% 208 Pot.
<30 1 " 56K ¢ 1% 27K ¢ 1% 1o§w Pot,
+30 2 68K ¢ 1% 75K <+ 1% SOEWPot,

=110 2 10K ¢ 13 0,13M + 1% Sogwpot,
#150 2 100 + 107  0,15M + 1% Soﬁw Pot.,
=150 2 100 ¢ 108  0,15M + 1% 50%W Pot,
+250 L 82K + 12 0.22M + 1% Soxiw éoto
=300 L LK ¢ 1% 0.,27M + 1% 50K Pot,

Lw
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. A1l amplifier regulators contain a switch, 52, which
enables ocne to open the feedback loop and at the same time inte
roduce a test voltage of a few volts which can be varied by
means of a potentiometery; R7. This feature is very helpful
when: trouble=shooting the amplifier, The first two stages of
‘the DC amplifier operate at a bias of approximately ane volt

- and draw about ten milliamperes of plate current, The screens

operate at 130V which is also a regulated voltage. The last
stage of the amplifier contains two paralleled sections of a
6BL7 tube operatad as a cathode follower, The combined tubes
draw a total of approximately 1lOma of plate current with the
grid bias being about =5V and spproximately 100V scross the
tubs, '

Print numbers for the amplifier; regulator schematics
ars as followss

Supply Circuit Schematic
=15V C-60596
=30V C-60660
+90V | C-6121L

1LV . C=61217

=300V C=61219
+10V C-60658
#2507 ' C=61220

Regulators for the #150V and <150V supplies are
showm on prints E-80430 and E-80L429, respectivily., ’

V. Thyratron Supplies

‘Ko

B,

Circuit .

The +150V and =150V power supplies both contain
thyratron rectifying elements, Schematics of both rectifier
and control circuits are shown on print E-80429 for the =150V
supply, E=80430 for the +150V supply, Each supply contains a

three-phase }j0A eircuit breaker connected into the primary cire

cuit of the platq transformer, which is connected in a delta
configuration, The breaker has a slow=tripping characteristic
to handle transformer inrush and capacitor charging current,

The plate transformer secondaries are connectéd in
a forked-! configuration; the rectified voltage is taken bet-
ween the center connection and the thyratron cathodes,

.Control

The phase positions'of the pulses supplied to the thyra-
tron grids determine the firing time and control +the average
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value of the output voltagse,.

The rectified voltage is filtered by an L-C filter
and passes to the output terminals through an ammeter and fuse,
A voltage divider across the output provides a feedback voltage
.of approximately 75 volts, Another divider across a 5783 neon
reference tube provides an adjustable reference voltage. These
two voltages are subtracted, and the difference, or error, is
fed to a filter circuit, The filter circuit is designed to all-
ow the supply to regulats rapidly without being unstable, The
filtered error voltage is amplified by a 6AU6 pentode and fed to
the triggering circuit, The purpose of the triggering circuit
is to generate a sharp 60-cycle pulse for each thyratron, the
phase position of which is determined by the amplifier output
voltage, To accomplish this, the grid of an 0528 triode is
overdriven with a sine wave signal from one leg of a six-star
connection of the trigger transformer secondaries, A h709000
ohm resistor clips the grid voltage in the positive region, The
resulting plate voltage is a rectangular wave, which is diffe-
rentiated by an RC circuit to obtain the desired positive pulse,
By varying the DC level of the trigger transformer signal, the
pulse can be advanced or retarded, Each of the six trigger
transformer legs drives a separate triode;, which is connected
to one of the six thyratrons in the proper sequence so that
each thyratron will be fired when its plate voltage is nsar
-maximum, There is a special clamping circuit connected bet-
ween the amplifier and the triggering circuit, .This clamping
circuit is actuated by an internal relay, Kl; its purpose
is to provide a means of bringing up the DC voltage gradually,

The only difference between the 150V and =150V
supplies is the placement of the fuse, which is in the non-
grounded bus,

VI Periodic Maintenanca

Periodic Maintenancs of the MIC power supplies consists
of various routine checks, The following are the most important,.

1, All mercury-vapor and thyratron rectifier tubes are
inspecteds they should all be glowing with approxi-
mately equal brilliance, and there should not be an
excessive amount of flicker in the tubes,

2o ‘A1l sensitrols are visually checked to see that they
are centered, If not, a calibrated meter is used to
measure the voltage of the supply in question and if
necessary, the supply is reset to the proper voltage.
The adjustment is made by varying the potentiometer
with the screwdriver adjustment notch on the ampli-
fier voltage regulator panel, This adjustment must
be made with full load on the supply, either computer
load or the dummy load box,
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3, All series regulator plate fuses are checked to see
that they are conducting properly. This is done by
visually checking all neon indicator' lights associat-
ed with the plate fuses, .A glowing neon indicates
that the associated plate fuse is conducting,

i, All amplifier and control tubes with the exception of
the 6080 series regulator tubgs.are checked periodica-
ily on a tube tester, ;

5. The 6080 series regulator tubes are checked by monitore
ing the individual plate currents, .This is done with
an external milliameter (0=200ma) by plugging it into
the front of the series regulator panel and varying the
gwitch on the right hand side of the panel, The switch
has thirteen positions marked "off, 1-12", The panel
is normally operated with the switch in the %off" posi-
tion, The meter leads are then plugged in, the switch
is varied through all positions, and the current is
noted, All tubes with sections that conduct over 125ma
are replaced, All tubes with sections that conduct con-
siderably less than the average current for a tube sec-
tion are replaced,

VII Repair of Supplies

Ao

_Sensitrols

One of the more common ailments is malfunction of
the sensitrol sensing device, This trouble will usually occur
when DC power is being turnsd on., The failure can be easily
determined by the successful cycling of several supplies up
to a certain supply., Visual observation of the sensitrol when
DC power is being put on is generally sufficient to determine
if the sensitrol operating properly, If the sensitrol is
damaged, its removal must be accomplished before DC power
can be put cn, MIC does not stock spare sensitrols so that
the supply must be opsrated without the sensing protection
until the faulty unit has been repaired,

Voltage Reference Tubes

Another common ailment fs failure of the VR (vol-
tage reference) tubes, These tubes provide a reference
source of voltage which is usually compared with the DC sup-
ply voltage to obtain the error voltage which is amplified to
provide a grid bias reference for the series control tubes,

'~ These VR tubes occasionally drift as they age, causing power

supply drift, Unless this drift is corrected in normal main-
tenance periocds, the sensitrols which are continubusly sensing

- the supplies eventually will trip, causing unscheduled main-

tenance tims,

~
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Co.

Arc-Back

Arc<back is another common fault, Protection is
provided against arc=back by the presence of plate fuses in
sach rectifier tube and by the use of a circuit breaker
supplying the plate AC, In most cases the circuit breaker
will trip first when an arc-back has occured,

VIII Trouble-Shooting the Power Supplies

There are two switches on each powsr supply which are

useful for testing and trouble-shooting,

A,

B,

The ®Automatic-=0ff-Maintenance® Switch.,

1, In the ®automatic" position, this switch connects the
power supply to the relay control circuitry for normal
operation.

2, In the "off" position the switch disconnects all plate
power from the supply.

3o The "maintenance" position is for testlng, If the fuse
for the DC output of the supply going to the computer
is removed from the DC distribution panel, the supply
receives power independent of the relay control when
its switch is in the "maintenance® position, It is
necessary to remove both the +150V and =150V fuses be-
fore either of these supplies can be worked on,

On each amplifier, regulator panel there is a
switch which prevents the amplifier from sensing the supply
output voltage and feeds back an adjustable level in place
of the error signal, On the older supplies with series tube
regulators, this switch is labelled "Test-Regulate®, the
"Regulate™ position being the normal one and the WTest" posi-
tion having the effect described above, On the +150y supplies
this switch is labelled ®*Manual-Automatic®

The best way to trouble=shoot a supply is to remove
the fuse, put it on "maintenance,® and connect it to a dummy
load, A resistance box, mounted on casters, is kept in the
power room for this purpose, Various resistances are provided
by switches, and the proper settings for each supply can be
determined from typewritten labels.on the box, After the
switches have been thrown according to the voltage dssired,
it is well to check the resistance with an olmmstow; The box
should be connected across ths power supply blesder by means
of its clip leads,
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If trouble with the regulator section is suspected,
it may be convenient to isolate the amplifier input by means of
gwitch 2 above. With the switch in the "test" or manual" posi-
tion, the amplifier input is disconnected from the power supply
and is teken from the potenticmeter with the knob on it. The
serewdriver-ad justment potenticmeter on the amplifier panel varies
the bias on the first amplifier stage. It is used to adjust the
supply voltage in normal operation.

Typical maintenance procedure for the +150V supplies
night include resplacemsnt of faulty thyratrons. Thyratrons nesar-
ing end of 1lifs may glow above the anode, have a pink or yellow
glow, or flicker excessively. However, some flickering is normal.
The most common thyratron failure is loss of emission, which can
be recognized by absence of blue glow and increased power supply
60-cycle output ripple. '

Failure of ‘the 6AU6 will caisé 1088 of output voltage
whereas failure of one 0528 will cause increased 60~cycle output
ripple.

Reference Data

SUPPLY BASIC RECTIFIER AMPLIFIER REGU- NORMAL NORMAL
SCHEMATIC . . LATOR SCHEMATIC CURRENT LOAD

+250V  C-5788L C-61220 7.14 35 ohms.
-180v 0.1A 1800 ohms.
-300v  C-57881 C-61219 7.TA 39 ohms
140V . C-57692 Cc-61217 0.T0A 200 ohms
+10V C-57692 C-60658 1.9A 5.3 ohms
-15V C-57692 C-60596 1.7A 8.8 ohms
.30V C-57692 C-60660 3.34 9.1 ohms
+90V  C-57692 - c-6121k4 2,94 31 ohms
+600V  D-63465 o .0.854 710 ohms
=150V  E-80k429 : E-80L429 32.5A .6 ohms
+150V E-80430 E-80429 28.1A 5.3 ohms

The schematic of the series tube panels for all supp-
lies is given on print C-60957. On the Pollowing four pages are
shown drawings of the panels to aid in locating adjustments.
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DC POWER CONTROL

As originally conceived, MIC could use elther three-phase lab
power or & three-phase alternator located in the basement of the B-build-
ing. However, the alternator had to be discarded because of the increased
loading, for the computer room and the power room together draw 210 amperes
of 3 phase current while the capacity of the alternator is 143 amperes.

In order to turn computer power on, it is necessary to go through a series
of breakers and relay control circuitry: ’

1) Both main (175A) circuit breakers should be on. These
are located in column 12 of the building B Basement, out-
side B-Ohk.

2) Both 175A distribution circuit breakers should be on.
One of these is located in the power room, B-051; the
other one is in the computer room, to the right of the
duty technician'’s desk.

3) All other distribution breakers should be on. Those in
the computer are all rated at 30 amperes while those in
the power room.vary depending upon the individual re-
quirements of the verious power supplies.

h) The console circuit breasker should be on. This bresker
supplies power to the relay.

When reading the following description of the control eircuitry,
one should refer to print D-47098.

Turning on the console bresker actuates relay Kl, closing its
contacts and applying power to the fuse interlock chain in the computer
room. If all fuses are closed, power cycling will proceed as normal, if
not, a fuse alarm will be indicated on the console. The "normal" indica-
tor light will then be lighted.

5) The "Standby" button is then pushed, either on the computer
console or in the power room.

Pushing the "Standby" button actuates relay K16, closing its
contacts and applying power to K3 and TD 11, which is a one minute 15
second time delay. After the time delay, power will be applied through
the closed TD-11 contacts to actuate K6. Also actuated are the K2 and
Kik coils and the "filament on" light. Power then flows through the
closed K3 and K6 contacts to actuate the transfer contactor coils. The
transfer contactors were formerly used to transfer power from building
lines to alternator lines; however, the coils are inactive now, because
the alternator is no longer used. Also actuated at this time are the
time delays of 1 minute 30 seconds in each power supply, which control
the relays that apply AC voltage to the mercury vapor rectifiers. The
K-2 relay is also actuated, to supply & hold circuit across the standby
switch to keep it permanently closed after it is pushed. Power flows
through the closed contacts of the K10 and K14 relays, lighting the stand-
by lights in both the computer room and the power room.
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6) After a two minute wait to allow the temperature of the
mercury vapor rectifier tubes come up to normel, the
"power on" switch is pushed. This applies power to the
K18 hold relay and time delay TD 15 (5 sec.).

A warning horn sounds for 5 seconds until the contacts on TD
15 open, stopplng the horn. However, a different set of contacts on the
TD 15 relay closes: they actuate the K 10 and K 8 relays and light the
"dc power on" lights in the computer room and power room. For this cir-
cuit to be completed, the fuse interlock system, the sensitrol interlocks,
and the ac distribution interlocks must all be closed. The K 5 relay is
actuated when the "DC power on" lights g0 on, closing the K 5 contacts
and actuating K 200. Power is also applied to the sensitrol reset coils
through the closed contacts of K 201. Time delay TD 214, approximately
1 sec., is actuated through the closed contacts of K 200. After about -
one second the contacts of TD 214 close, actueting K 20l. One set of
contacts on K 201 opens, removing power from the sensitrol reset coils,
and ending the sensitrol reset operation. Relays K 207, K 208, and
. K 203 are actuated through a closed set of contacts on K 201. Power
is also applied to the plate contactor coils in the -30V, -15V, and
+10V power supplies through the closed contact of K 207. If the +10V,
-15V, and -30V supplies come on successfully, relays K 204, K 205, and
K 206 will be actuated. A.C. power will be supplied through these
contacts, actuating the K 202 relay, closing its contact, and supplying
power permanently to the plate contactor colls of the -30V, =15V anc
+10V power supplies. The "on" light for the +10V, -15V and -30V supp-
lies will come on, indicating successful cycling for those supplies.
Relsy K 210 will also be actusted, and together with its contact, form
e hold circuit for the +10V, -15V, -30V "on" lights. All hold circuits
for indicator lights will hold for approximately one second after d-c
power comes on even if the cycling operation is incomplete. This en-
ables one to see where the cycling chain has broken.

If the +10V, -15V, and -30V supplies have cycled on success-
fully, power will be applied through the closed contact of K 207 to
actuate K 202 and the plate contactor coils in the -300V, -180V, and
-140V power supplies. This closes the contacts oniK 202, permanently
actuating the plate contactor coils on the -30V, -15V, and +10V power
supplies. If the -300V, and -140V come on successfully, relays K 211,
K 212, and K 213 will be actuated; the -140V, -180V, and -300V "on"
light will be lighted, and the relay K 222 in the hold circuit will be
actuated. Power will also be applied. through the closed contact of
K 208 to relay K 203 and the plate contactor coils of the +150V and
=150V supplies.. This closes the contacts of K 203, applying power
permanently to the -300V, -180V, and..-14OV supplies. If the +150V
and -150V supplies cycle on successfully, relays K 220 and K 221 will
be actuated, applying power to the +150V, -150V “on" light and the
K 223 hold circuit. Power will also be applied through the closed
contact of K 208 to actuate K 224, K 226, and the plate contactor coils
of the +250V power supply.  If the +250V supply cycles on successfully,
X 221 will be actuated and power will flow through the closed contacts
K 221 and K 226, to light the +250V "on" light and actuate the K 229
hold circuit. Relay K 227 will also.be.actuated through the closed con-
tacts of K 209, actuating K 227 and the plate contactor coil of the
+30V supply.
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Tfouble-shooting Power Control

Power Control is essentially a series of relays, sensitrols, .
and other assoclated circuitry which cycle on or off the various power..
supplies. The location of a faulty component in power control is not
a simple matter because one has no record of the state of the circuit
when the failure occurred. However, power control can be simplified if
it is thought of as two separate parts - AC control and DC control.

The AC cycling must be successfully completed before DC control takes
over. DC control includes the DC sensing relays as well as the sensi-
trol system. Each supply, as it successfully comes on, is sensed by

a DC relay which closes and allows power to be applied to the next supply
The successful cycling of a group of supplies is indicated by the "power
group" lights. The failure of any group lights to light indicates either
trouble in AC control or failure of one of the supplies in the first
group, which includes the +10V, =15V; and ~30V supplies. -Since the
group lights do not remain on after failure has occurred, the indication
is of short duration.  Additional trouble shooting aids can be gleaned
from the sensitrol indicators (if the cycling got that far) or from the
DC meters themselveso )

Fuses in Power,Cont:ol

The power control paunel in T7 obtains its power from one of
the three phases of the 175amp circuit breaker located in the computer
room AC distribution panel to the right of the duty technician's desk.
This line is protected with 15A fuses both behind the power control
panel and at the AC distribution panel. Both these fuses must be in
place and the console circuit breaker must be "on" in order to obtain
AG _power in the power room.
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CYCLIC CONTROL

I. Purpose

During troubleshooting, and especially when using the test oscillo-
scope, it is desirable to perform selected portions of & program repeat-
edly at a repetition rate that permits observation of indicator light
patterns and circuit waveforms with the oscilloscope. This can be done
with the MIC Cyclic Control in T§ which provides periodic pulses for
"Start Over", "Clear CPC", "Stop", and "Restart". The advantage of the
technique is that between pulses all parts of the computer, including the
clock and other control units, are operating in completely normal fashion;
hence subtle malfunctions can be "caught in the act” under realistic con-
ditions.

‘IIQ“Use

Typically, computer trouble is first manifested as a failure traced
by the programmer to one section of his program. In that case Cyclic
‘Control enables the trouble-shocoter to perform the same fragment over
and over again, perhaps varying the pulse repetition rate by varying the
pulse generator freguency. Synchronizing pulses for the oscilloscope
can be derived from cyclic control oxr from a sequence gate of the in-

- struction in which an error is detected, and the operations of the com-
puter .just before the time of failure studied in minute detail.

III. Equipment

The Cyclic Control unit consists of a Multivibrator Pulse Generator
(MVPG) and a Gate and Delayed Pulse Generator (GDPG). The Multivibrator
and the Gate and Delayed Pulse Generator each have two knobs on the front
panel, with those for the GDPG above and to the right of those for the
MVPG. Of these, -the right knob in each case is a fine frequency adjust-
ment, and the left knob is a five position switch, with position one
fully counterclockwise. The Tollowing timing table is very approximate:

 Coarse Setting - MVPG GDPG

e , Period . ) Delay
1 -5 =« 75 ms - 1 - 22 us
2 - 7.5ms 10 - 250 us
3 50 - 750 us » 90 ps - 2 ms
L 6 - 90 pus 85 - 17 me
5 1.5 - 15 us 9 - 80ms

‘IV. Modes of Operation

Reference to the schematic on the next page shows that, besides the
"On-Off" switches, there are two switches on the Cyclic Control Panel
that control its,connection to the computero With these switches 3 modes
of operation are ‘possible: :

A. When the "Start Over - Restart" switch is thrown to "Restart",
the "Start Over; Delay Stop - Clear CPC, Delay Start Over" switch
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is ineffective; in this mode the MVPG supplies Restart pulses,
K program may be synchronized to the MVPG by using this switch

‘and interspersing the program with halt instructions so that

the running time between adjacent. stops is less than the period
of the pulse generator,

With the "Start Over = Restart®™ switch on ¥Start Over®, two modes
are possible. In the "Start Over, Delay Stop™ mode, the ®#Start
Over®™ frequency is adjusted by the pulise generator. The delay
is adjusted to stop the program after the point of interest

has passed. If the delay is short compared with the pulse
generator period, the indicator lights will show the place in
the program where the stop occurred,

With certain malfunctions involving In-Out equipment or the

‘cIock itself, the computer may put itself into a condition such

that it cannot be started over until Clock Pulse Control (CPC)
has been cleared., In this situation one must use the 0 =» CPC,
Start Over™ mode, with the pulse generator period longer than
the program duration, and the delay set at minimum,

#Step by Step™ and ¥Instruction by Instruction®™ Switches

~'There are two'other.switches on the Cyclic Control panel, both of
which stop the computer periodically and require it to wait for a ®Re-
start® pulse.

The "Step by Step®™ switch, when up, stops the computer after every
clock pulse, that is, after every step of the Sequence Switch.

The "Instruction by Instruction® switch, when up, will allow the com=
puter to complete each instruction, but will cause it to stop just before
the next Program Timing cycle and wait for a "Restart® pulse.
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MIC Service Manual, Section 5
FUNDAMENTALS: MATHEMATICS, LOGIC, CIRCUITS

Mathemstics
Number Syétems
Choice of a Number Base

Conversions Between Binary and Decimal Numbers

Binary Addition

Binary Subtraction (Complements)

Binary Multiplication
Binary Division

Logic

Mechanizing Mathemstical Operations

Bi-Stable Devices

"AND" Logic

"OR" Logic

Time Sequence
Multiple-position Switches
" Circuits

Flip~flops

Gates

"Diode Logic" Units
Drivi!.ng Circuits -

Delay Units

Specidl Circuits
Multiple~-circuit Combinations
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MEC Service Manual, Section 6
INTERNAL MEMORY

a. Funetion of .Inpezmal. Memory

b. Logical and Physical Arvengement
c. Field Sslection

d. Program Counter

e. Memory Control

f£. Parity Checking

Parel Memory
g+ Panel Address Register

h. Panel Mamory Matrix Switch
i. Toggle Switeh Registérs

Jje Plugboard Storage

k. Live Regisgters

Core Memory
1. Prineiples of a Coincident-Current Magnetic-Core Memory

m. The Memory Stack

n. Mamory Addrzsg Register

0. Core Memory Matrix Switch

p. Selecticn Plane Drivers

g. Read-Write Gate Generators

r. Digit Plane Drivers

8. Inhibit Gate Generator

t. Sensing Amplifier.

u. Operation During Copy Block Instruetion



6-14=-57
MIC Service Manual, Section 7
MATN CONTROL

General
8. Function of Main Control
b. The Master Clock and Clock Pulse Control
c. The Sequence Switch
d. The Control Switch
e. Function Buffers
£, Program Timing and FX
g. Operation Timings Memory, and Non-Mémory .Instrtictions.
h., Extended Control Switch

i. Establishing Initial Conditions

Individual Instructions

Jo Setup Instruction; sof‘

k. Sense and/or Perform; pf

1. Control of Input Devices; ri, op, pf

m, Storing into Mewory; st, ra, rf, ao, ¢b

n. Transfer Instructions; tr, tro, tn, tno, to
0. Reading from Msmory; ca, ad, es, su, a0, ¢b
Do . Arithmetic Operaticms; mh, er, sr

d. GComparisons; id, sm, et

r. Control of Output D@vices; ds, ch, pr, op, pf

8. ‘The Halt Instruction; ha
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MIC Service Manuel, Section 8

THE ARITHMETIC SECTION

The "A" Register

The Accumulator; Partial Sum, and Carry
Mechanics of Addition (with variations)
Overflow ‘ ‘
The - "B" Register

Sign Control

Shifting Operations

The Step Counter

‘Multiplication
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MIC Service Manual, Section 10
THE MAGNETIC DRUM

a. Basic Principles

b. Logical and Physical Arrangement
c. Addressing Drim Registers

d. Writing

€. Reading

£f. Drum Read Switch

g. Drum Field Switch

h. Drum Diode Matrix

i. Drum Control

Js Drum Alarms

k. Erasing of Drum and Rewriting of Special Tracks
1. Head AdJjustment

W. Preventive Maintenance
X. Troubleshooting Hints
Y. Questions

Z. Bibliography
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'MIC Service Menual, Section 1l

CRT DISPLAYS AND AUXILIARIES

General

Computer~Generated Displays
Display Tubes

Design Requirements
Intensification

Decoders

Display System, 12 1/2" Scope

The High-Voltage Distribution Panel
Cathode High-Voltage Supply

Post-Accelerator High-Voltage Supply

Scope Intensification
Deflection Amplifiers
Decoder and Line Driver
The Console Display Scope
The Light Gun

The Camera Display Scope
The Fairchild Camera

Camera Control

Preventive Maintenance
Troubleshooting Hints
Questions
Bibliography
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MIC Service Manual, Section 18
AUDIO SYSTEM

&. The Audio Zero-Crossing Detector
b. The Audio Amplifier

Y. Questions
Z. Bibliography
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GENERAL REFERENCE INFORMATION

a8, Glossary

b, Physical Location of Points in MIC
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GENERAL TERMS USED IN THE CQMPUTING FIELD

(From Proceedings of the IRE, September 1956, pp 1167-1173. Re-
printed by permission of the IRE.)} Terms marked with an asterisk
(%) are those referred to quite frequently in conjunction with MTC,

Kccess Times#, A time interval which is characteristic of a storage
unit, and is essentially a measure of the time required to communicate
with that unit. Many definitions of the beginning and ending of this
interval are in common use.

Accumilatorst. A device which stores a number and which, on receipt of
another number, adds it to the number already stored and stores the sum

Notes The term is also applied to devices which functim
as described but which also have other properties.

Accuracy. The quality of freedom from mistake or error, that is, of

conformity to truth or to a2 rule. Accuracy is distinguished from "Pre-
cision™ as in the following examples A six-place table is more precise
than a four-place table, However, if there are errors in the six-place
table, it may be either more or less accurate than the four-place table

Adder, A device which can form the sum of two or more numbers or quan-
tities.

Addressit, An expression, usually numerical, which designates a parti-
cular location in a ®Storage™ or ®"Memory® device or other source or
destination of information. .See also "Instruction Code®.

Address Part®. In an instruction, any part that is usually an "Addresso
See also ®Instruction Code®,

Analog (in Electronic Computers). A physical system on which the per-
formance of measurements yields information concerning a class of mathe-
matical problems,

Analog Computer, A physical system together with means of control for
the performance of measurements (upon the system) which yield infor-
mation concerning a class of mathematical problems..

And=Circuit®*. Synonym for "And-Gate®, o

And-Gate*., A gate whose output is energized when and only when every
input is in its prescribed state. An "And-Gate™ performs the function
of the logical ®And¥, {

Arithmetic Element*. Synonym for ®Arithmetic Unit'.

Arithmetic Unit®*, That part of a computer which performs arithmetic
operations,
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Automatic Check, See ®Check® "Automatic®,

Band (in Electronic Computers). A group of "Tracks" on a magnetic drum

Base., See "Positional Notation®,
Binary®. See fPositional Notation®,

Binary Cell. An elementary unit of storage which can be placed in
either of two stable states. (See Bit)

Binary-Coded-Decimal System. A system of number representation in which
each decimal digit is represented by a group of binary digits (e.go,
"Excess-Three Code®),

Binary Number System¥, See “Positional Notation”,

Binary Point., See "Point®,

Bit (in Electronic Computers)#, 1) An abbreviation of ¥Binary Digit®.
2) A single "Character” of a "Language® employing exactly two aistinct
kinds of characters. 3) & unit of storage capacity. The capacity, in
bits, of a storage device is the logarithm to the base two of the num-
ber of possible states of the device. See also ¥Storage Capacity®.

Block®, A group of®Wordd' considered as a unit.
Borrow., See "Carry',
Branch. Synonym for ®Conditional Jump®.

Break Point. A place in a "Routine” at which a special instruction is
inserted which, if desired, will cause a digital computer to stop for
a visual check of progress.

" Buffers, 1) An isolating circuit (sometimes an amplifier) used to avoid
reaction of a driven circuit on the corresponding driving circuit. 2)
A storage device used to compensate for a difference in rate of flow of
information or time or occurrence of events when transmitting informa-
tion from one device to another,

Busit (ig Electronic Computers). One or more conductors which are used
as a path for transmitting information from any of several sources to
any of several destinations.

Carryit. 1) A signal, or expression, produced as a result of an arith-
metic operation on one digit place of two or more numbers expressed in
"Positional Notation® and transferred to the next higher place for pro-
cessing there. 2) Usually a signal or expression as defined in 1) abowe
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which arises in adding, when the sum of two digits in the same digit
place equals or exceeds the "Base" of the number system in use. If a
carry into a digit place will result in a carry out of the same digit
place, and if the normal adding circuit is bypassed when generating
this new carry, it is called a High-Speed Carry, or Standing-on-Nines
Carry. If the normal adding circuit is used in such a case, the carry
is called a Cascaded Carry. If a carry resulting from the addition of
carries is not allowed to propagate (e.g., when forming the partial
product in one step of a multiplication process), the process is called
a Partial Carry. If it is allowed to propagate, the process is called
a Complete Carry. If a carry generated in the most significant digit
place is sent directly to the least significant place (e.g., when addirg
two negative numbers using nines complements) that carry is called an
End-Around Carry. 3) In direct subtraction, & signal or expression as
defined in 1) above which arises when the difference between the digits
is less than zero. Such a carry is frequently called a Borrow. L) The
action of forwarding s carry. 5) The command directing & carry to be
rorwarded.

Caszcaded Carry. See "Carry".

Cell. An elementary unif of storags {e.g., bipary cell, decimal cell).

channaL*(ln Blectronic Computer That porbion of a storags medium
b ' b =X
which ig accessible to = given reading station. See also "Track".

Charactar¥(1 ctronic Computers). Onz of a set of elementary marks
or =vents which may be combined to express infermatiouu

Note: A group of characters, in one context, may be con-
sidered as s ~nngle ﬂharanter in another; as in the ”Blnary“COQFdw

Decimal System",

Check¥*., A process of partial or complete testing of 1) the correctness
of machine operations, 2) the existence of certain prescribed conditions
within the computer, or 3) the correctness of the results produced by

a "Routine". A check of any of these conditions may be made automa-
tically by the equipment or may be programmed. See also "Marginal
Checking"; "Verification".

Check, Automatic. A "Check" performed by equipment built into the com-
puter specifically for that purpose, and automatically accomplished each
time the pertinent operation is performed. Sometimes referred to as a
built-in check. Machine Check can refer to an automatic check, or to

a "Programmed Check" of machine functions.

Check Digits. See'Check! "Forbidden-Combination'.

Check, Forbidden-Combination¥. A "Check" (usually an "Automatic Check")
which tests for the occurrence of a nonpermissible code expression. A..
Self-Checking Code (or Error-Detecting Code) uses code expressions such
that one (or more) error(s) in a code expression produces a forbidden

combination. A Parity Check makes use of a self-checking code employing
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binary digits in which the total number of 1's (or 0's) in each permis-
sible code expression is always even or always odd. A check may be made
far either even parity or odd parity. A Redundancy Check employs a
self-checking code which makes use of redundant digits called Check
Digits.

Check Problem. See "Check™, "Programmed”,

Check, Programmed. A "Check” consisting of tests inserted into the pro-
gram of the problem and accomplished by appropriate use of the machine's
instructions. A Mathematical Check (or "Control™) is a programmed check
of a sequence of cperations which makes use of the mathematical proper-
ties of that sequence. A& Check Routine or Check Problem is a routine

or problem which is designed primarily to indicate whether a fault exists
in the computer, without giving detailed information on the location of
the fault. See also "Diagnostic Routine®3 ®Test Routine”,

Check Routing, See "Check™, WProgrammedﬁo

Check, Selection. A "Check® (usually an "futomatic Check") to verify
that the correct register, or other device, is selected in the perfor-
mance of an instruction,

Check, Transfer, A “Check¥ (usually an "Automatic Check®”) on the ac-
curacy of the transfer of a word.

Circulating Register (@r'Memory)o & register (or memory) consisting of
a means for delaying information and a means for regensrating and rein-
serting the information into the delaying means.

Clear#, To restore a storage or memory device to a prescribed state,
usually that denoting zero. See also "Reset®,

Clock#, A primary source of synchronizing signals.

Code®* (in Electronic Computers). 1) A system of "Characters® and rules
for representing information. 2) Loosely, the set of characters re-
sulting from the use of a code., 3) To prepare a "Routine? in "Machine
Language" for a specific computer. L) To encode; to express given infor-
mation by means of a code. See also "Language®,

Columnit, Synonym for “Place,

Cormand®, 1) One of a set of several signals (or groups of signals)
which occurs as a result of an "Instruction®; the commands initiate the
individual steps which foxm the process of executing the instruction.
2) Synonym for ®Instruction®,
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Complemen t.. 1) A number whose representation is derived from the finite
Positional Notation” of another by one of the following ruless a) True
complement-=Subtract each digit from one less than the base, then add 1
to the least significant digit, executing all carries required. b) Base
minus one's complement--Subtract each digit from one less than the base
(eogo, "9's complement® in the base 10, "1's complement® in the base
2,ete)e  2) To form the complement of a number,

Notes In many machines, a negative number is represented as
a complement of the corresponding positive number, '

Complete Carry., See "Carry®,

Computer#, 1) A machine for carrying out calculations, 2) By extension,
a machine for carrying out specified transformations on information.

Conditional Jump. #n instruction which will cause the proper one of two
(or more) addresses to be used in obtaining the next insbtruction, depen-
ding upon some property of one or more numerical expressions or other
conditions.

Conditional Transfer Of Control#. Synomym for ®Conditional Jump®.

Controlit. 1) Usually, those parts of a digital computer which effect
the carrying out of instructions in proper sequence, the interpretation
of each instruction, and the application of the proper signals to the
arithmetic unit and other parts in accordance with this interpretation.
2) Frequently, one or more of the components in any mechanism respon-
sible for interpreting and carrying cut manually-initiated directions.
Sometimes called marumal control. 3) In scme business applications of
mathematics, a "Mathematical Check¥.

Eﬂo See "Transfer®,
Correction., See "Error®,

Counters#, 1) A device éapable of changing from one to the next of a
sequence of distinguishable states upon each receipt of an imput signal.
2) Less frequently, an ®"Accumulator®.

Counter, Ring. A loop of interconnected bistable elements such that one
and only one is in a specified state at any given time and such that, as
input signals are counted, the position of the one specified state moves
in an ordered sequence around the loop.

Cyclic Shift. An operation which produces a *Word" whose "Characters®
are obtained by a cyclic permutation of the characters of a given word.
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Decimal Number Systemit., See "Positional Notation®,

Decimal Points#, See "Point®,

Decoderst, A network or system in which a combination of inputs is ex-
cited at one time to produce a single output. Sometimes called ¥Matrix®,

Delay Line (in Electronic Computers)#, 1) Originally, a device utilizing
wave propagation for producing a time delay of a signal. 2) Commonly,
any device for producing a time delay of a signal,

Delay-Line Memory. Synonym for "Delay-Line Storage®,

Delay-Line Storage. A storage or memory deviee consisting of a delay
1line and means for regenerating and reinserting information into the
delay line,

Diagnostic Roubinz., A "Roubtine” designed to locate either a malfunction
in the computer or & mistake in.coding., See also "Check®, ®Programmed®,

Differentiator (in Electronic Computers). A device, usually of the
analog type, whose ocutput is proportional to the derivative of an imput
signal.

Digit®, See "Positional Notation®.

Digital Computer#, A computer which operates with information, numerical
or otherwise, represented in a digital form.

Double=Length Number. & mumber having twice as many digits as are ordie
narily used in a given computer,

Double=Precision Number. Synonym for "Double=Length Number'¥,

Encoder, A network or system in which only one input is excited at a
time and each input produces a combination of outputs. Sometimes called
Matrix®,

End-Around Carry. See "Carry”.

Error#. 1) In mathematics, the difference between the true value and a
calculated or observed value. -A quantity (equal in absolute magnitude
to the error) added to a calculated or dbserved value to obtain the true
value is called a ®Correction®™. 2) In a computer or data-processing
system, any incorrect step, process, or result. In addition to the
mathematical usage, in the computer field the term is also commonly used
to refer to machine malfunctions as ¥*Mazhine Errors® and to human
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mistakes as "Human Errors™ It is frequently helpful to distinguish
between these as followss. errors result from approximations used in
numerical methodsg Mistakes result from incorrect programming, coding,
data transcription, manual operation, etc.3 Malfunctions result from
failures in the operation of machine components such as gates, flip-flops
amplifiers, etc,

Error-Detecting Code., See "Check™, ®Forbidden-Combination®,

Excess=Three Code, A number ®Code® in which the decimal digit n is rep-
resented by the four-bit binary equivalent of n +. 3.
See dlso "Binary-Coded-Decimal System®,

Eb:tragc;g%o.‘ To form a new "Word™ by j’lﬁctaposing selected segments of

T s £

given words.

Fixed-Point Systemt, See "Point®¥,

Flip-Flop#, L) A device having two stable states and two input terminals
Tor Types of imput signals) each of which corresponds with one of the two
states, The circuit remains in either state until caused to change to
the other state by application of the corresponding signal., 2) A simi-
lar bistable device with an imput which allows it to act as a single-
stage binary Y"Counter?,

Floating-Point Systemi, See ®Point®,
B

Flew Disgram (in Electronic Cemputers)¥®. A graphical representation of
a "Program™ or 2 "RoutinsW, ' '

Forbidden=Combination Cheék%o See ®Check®, "Forbidden=Combination¥,

Four-Address Code, See "Instruction Code®.

Gate ( in Electronic Con@iters)*o A circuit having an output and a multi-
plicity of inputs so designed that the output is energized when and only
when certain input conditions are met. See also PAnd-Gateg ®Or<Gate¥.

Notes Sometimes "Gate®™ is used for YAnd-gate”,

Half Adder. A circuit having *wo input and two output channels for
binary signals (0;1) and in which the output signals are related to the
input signals according to the following tables
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A+B Inputs Outputs
A B Sum Carry .

o} o 0 0

of 1 1 0

1} 0 1 0

1) 1 0 1

(So called because two half adders can be used in the construc-

tion of one binary “Adder! ).
Hexadecimal, See "Positional Notation®.

High-Speed Carry#, See "Carry”,

Inhibiting Inpub. A "Gate® imput which, if in its prescribed state, pre-
vents any output which might otherwise occur.

Instruction#. See "Instruction Code%.
Instruction Code#, An artifical ®Language" for describing or expressing
the instructions which can be carried out by a digital computer. In
automatically sequenced computers, the instruction code is used when
describing or expressing ssquences of Instructions, and each instruce
tion word usually contains a part specifying the operation to be per-
formed and one or more ®Addresses® which identify a particular location
in storage. Sometimes an YAddress Part® of an instruction is not inten~
ded to specify a locabtion in storage but is used for some other purpose.

If more than one address is used, the code is called a Multiple-
Address Code. In a typical instruction of a Four-Address Code the
addresses specify the location of two operands, the destination of the
result, and the location of the next instruction in the sequence, In a
typical Three-Address Code, the fourth address specifying the location
of the next instruction is dispensed with and the instructions are
taken from storage in a preassigned order..

In a typical One-Address or Single-Address Code, the address
may specify either the location of an operand to be taken from storage,
the destination of a previously prepared result, or the location of the
next instruction. The arithmetic element usually contains at least two
storage locations, one of which is an accumulator., For example, opera-
tions requiring two operands may obtain one operand from the main storage
and the other from a storage location in the arithmetic element which is
specified by the operation part.
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Integrator (in Electronic Computers). 1) A device whose output is pro=-
portional to  the integral of an imput signal. 2) In certain digital
machines, a device for numerically accomplishing an approximation to
the mathematical process of integration.

%qu To '(condit.:‘i.onally or unconditionally) cause the next instruc-
to be selected from a specified storage location.

Language (in Electronic Computers). 1) A system consisting of a) a well
defined, usually finite, set of characters;y b) rules for combining
characters with one another to form words or other expressions; and

¢) a specific assignment of meaning to some of the words or expressions,
usually for communicating information or data among a group of people,
machines, etc. 2) A system similar to the above but without any speci-
fic assigment of meanings. Such systems may be distinguished from

1) above, when necessary, by referring to them as formal or uninter-
preted languages. Although it is sometimes convenient to study a
language independently of any meanings, in all practical cases at

least one set of meanings is eventually assigned. See also "Code%;
"Machine Language®.

Logict, See "Logical Design®.

Logical Design¥, 1) The planning of a computer or data-processing
system prior to its detailed engineering design. 2) The synthesizing
of a network of ¥Logical Elements® to perform a specified function.
3) The result of 1) and 2) above, frequently called the Logic of the
system, machine, or network.

Logical Diagram¥%, In ®Logical Design®, a diagram representing the
Wogical Elements™ and their interconnections without necessarily ex-
pressing construction or engineering details.

Logical Element®. In a computer or data=processing system, the smallest
uilding blocks which can be represented by operators in an appropriate
system of symbolic logic, Typical logical elements are the and-gate
and the flip-flop, which can be represented as operators in a suitable
symbolic logic.

Logical Operationt. 1) Any nonarithmetical operation. Examples ares
TExtract¥, logical (bit-wise) multiplication, ®Jump®, data transfer,
etc. 2) Somet:.mesg only those nonarithmetical operations which are
expressible bit-wise in terms of the propositional calculus or a two-
valued Boolean algebra.

Logical Symbol. A symbol used to represent a "Logical Element" graphi-
cally.
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Machine Check. See "Check", ¥Automatich..

Machine Language. 1) & ®Language®, occurring within a machine, ordi-
narily not perceptible or intelligible to persons without special equip-
ment or training, 2) A translation or transliteration of 1) above into
‘more conventional characters but frequently still not intelligible to
persons without special training.

Major Cycle. In a storage device which provides "Serial" access to
storage positions, the time interval between successive appearances of
a given storage position.

Malfunction. See "Error?®

Marginal Checkingi#. A preventive maintenance procedure in which certain
operating conditions; e. g, sSupply voltage or frequency, are varied
about their normal values in order to detect and locate incipient defec-~
tive units. See also "Check™.

Marginal Testing*, Synonym for "Marginal Checking®.

Master Routine. See"Subroutine®.

Mathematical Check. ASee B’Check"f‘g #Programmed®,

Matrix (in Electronic Computers)#. 1) Any logical network whose con-
figuration is a rectangular array of intersections of its input-output
leads, with elements connected at some of these intersections. The
network usually functions as an ®Encoder® or "Decoder®. 2) Loosely,
any encoder, decoder, or "Translator®.

Memory*, See "Storage¥.

Memory Capacity*. Synonym for ®Storage Capacity®,

Minor Cycle. In a storage device which provides "Serial® access to
storage positions, the time interval between the appearance of cor-
responding parts of siccessive words.

Mistake, See "Error®,

Multipleaﬁddreés Code., See "Instruction Code®.

Multipliers, A device which has two or more inputs and whose output is
a representation of the product of the quantities represented by the
input signals,



8=12-57 22as11
.

Number#., 1) Formally, an abstract mathematical entity which is a gene-
ralization of a concept used to indicate quantity, direction, etc. In
this sense a number is independent of the manner of its representation.
2)‘Commonlya A representation of a number as defined above (e.g., the
binary number ®10110%, the decimal number %"3695", or a sequence of
pulses). 3) An expression composed wholly or partly of digits which
does not necessarily represent the abstract entity mentioned in the
first meaning.

Notes Whenever there is a possibility of confusion between
meaning 1) and meaning 2) or 3), it is usually possible to make an unam=
biguous statement by using "number® for meaning 1) and ®numerical ex-
pression® for meaning 2) or.3).

Number S&stem*o See "Positional Notation®,

Octalx, See ®Positional Notation®¥,

Octonary. See "Positional Notation®.

Oneqﬂddress Code#t, See ®Instruction Code®.

Operation Code®. 1) The list of %Operation Parts® occurring in an "In-
struction Code"; together with the names of the corresponding opera=
tions (e.g., "add®, ®unconditional transfer®, %add and clear®, etc.).
2) Synonym for ®Operation Part® of an instruction.

Operation Part. In an instruction, the part that usually specifies the
king of operation to be performed, but not the location of the operands.
See also "Instruction Code®.

Or=Circuit#. Synonym for "Or-Gate®.

Orders, 1) Synonym for ®Instruction™ 2) Synonym for "Command®, 3)
Loosely, synonym for #Qperation Part®.

Notes The use of "Order® in the computer field as a synonym
for terms similar to the above is losing favor owing to the ambiguity
between these meanings and the more common meanings in mathematics and
business.

Or-Gate¥*, A gate whose output is energized when any one or more of the
inputs is in its prescribed state. An or=gate performs the function of
the logical *inclusiveor®.

Overflows, 1) The condition which arises when tle result of an arith-
metic operation exceeds the capacity of the number representation in a
digital computer. 2) The "Carry® digit arising from this condition.
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Parallel (gg Electronic Computers)#. Pertaining to simultaneous trans=
mission of, storage of, or logical cperations on the parts of a word,
character; or other subdivision of a word, using separate facilities
for the various parts..

Parallel Digital Computer®*., One in which the digits are handled in
parallel. Mixed serial and parallel machines are frequently called
serial or parallel. according to the way arithmetic processes are per-
formed. An example of a parallel digital computer is one which handles
decimal digits in parallel although it might handle the bits which com=
prise a digit either serially or in parallel, See also "Serial Digital
Computer®.,

Parity Checkd#, See ®Check®™, ®Forbidden-Combination®,

Partial Carry. See ﬁCarry"o

Place®, In "Positional Notation™, a position corresponding to a given
power of the base. A digit located in any particular place is a co=
efficient of a corresponding power of the base,

Point#, In "Positional Notation®, the "Character®, or the location of
an implied symbol;, which separates the integral part of a numerical
expression from its fractional part. For example, it is called the
Binary Point in binary notation and the Decimal Point in decimal nota-
tion. If the location of the point is assumed to remain fixed with
respect to one end of the numerical expressions, a Fixed=Point System
is being used. If the location of ths point does not remain fixed with
respect to one end of the numerical expressions, but is regularly re~
calculated, then a Floating-Foint System is being used.

Notes A fixed-point system usually locates the point by
some convention, while a floating-point system usually locates the
point by expressing a power of the base.

Positional Notation#. One of the schemes for representing numbers,
characterized by the arrangement of digits in sequence, with the under-
standing that successive digits are to be interpreted as coefficients

of successive powers of an integer called the Base of the Number Systemi

In the Binary Number System the successive digits are inter=
preted as coefficients of the successive powers of the base two just
as in the Decimal Number System they relate to successive powers of the
base ten. - ‘

In the ordinary number systems each Digit is a "Character®
which stands for zero or for a positive integer smaller than the
baseo



8-12-57 ~ | | ‘v223613

=13 =

The names of the rumber systems with bases from 2 to 20 are:
Binary; Ternary, quaternary, quinary, senary, septenary, Octonary,

(also Octal), novenary, decimal, undecimal, duodecimal, terdenary,
quaterdenary, quindenary, Sexadecimal (also Hexadecimal), septendéchmih
octodenary, novendenary, and vicenary. The sexagenary number system
has the base 60, The commonly used alternative of saying "Base=3",
"Base-li; etc., in place of tenary, quaternary, etc., has the advantage
of uniformity and clarity.

Precision, The quality of being exactly or sharply defined or stated.
A measure of the precision of a representation is the number of dis=
tinguishable alternatives from which it was selected, which is some=-
times indicated by the number of significant digits it contains. See
also "Accuracy®.

Program#, 1) A plan for the solution of a problem. 2)'Loosely, a
synonym for *Routine®. 3) To prepare a program. '

Programmed Checki*, See "Check™, "Programmed®,

Radix. Synonym for “Basé"e

Read#. To acquire information, usually from some form of storage. See

‘also: "Write®,

Redundancy Check. See "Check", "Forbidden-Combination®,

Regeneration (in Electronic Computers). In a storage device whose in-
formation storing state may deteriorate, the process of restoring the
device to its latest undeteriorated state. See also "Rewrite",

Registers, A device capable of retaining information, often that con-
tained in a small subset (e.go, one BWord") of the aggregate information
in a digital computer. See also "Storage",

Register Lengthits; The number of characters which a register can store.

Reset#, 1) To restore a storage device to a prescribed state. 2) To
place a binary cell in the initial or "Zero™ state. See also "Clear".

Rewrite#, In a storage device whose information storing state»may be
destroyed by reading, the process of restoring the device to its state
prior to reading.

Ring Counter. See ®Counter", "Ring".

Routine®*, A set of instructions arranged in proper sequence to cause a
computer to perform a desired operation, such as the solution of a
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mathematical problem.

Selection Check. See ¥®Check®™, %"Selection®™,

Self=Checking Code. See "Check", "Forbidden~Combination".

Serial. Pertaining to time-sequential transmission storage of, or logi=-
cal operations on the parts of a word, using the same facilities for
successive parts.

Serial Digital Computer. One in which the digits are handled serially.
Mixed serial and parallel machines are frequently called serial or
parallel according to the way arithmetic processes are performed. An
example of a serial digital computer is one which handles decimal
digits serially although it might handle the bits which comprise a
digit either serially or in parallel, See also "™Parallel Digital Com-
puter“; ‘ , :

Set*o 1) To place a storage device in a prescribed state. 2) To place
a binary cell in the ®One® state,

Sexadecimalo See "Positional Notation®.

Shlft% Dlsplacement of an ordered set of characters one or more places

o the left or right. If the characters are the digits of a numerical
exnre551on9 a shift may be equivalent to multiplying by a power of the
basze.

Sign Digit®#, A character used to designate the algebraic sign of a
number, ,

Single-Address Code#, See "Instruction Code®,

Standing On-=Nines Carry. See ®Carry®,

Staticizer., A storage device for converting time sequentlal information
into static parallel information,

Storage®*. 1) The act of storing information., (See also "Store".)

2Y Any device in which information can be stored, sometimes called a
Memory device, 3} In a computer, a section used primarily for storing
information. Such a section is sometimes called a Memory or a ®Store"
(British).. .

Note: The physical means of storing information may be elec=
trostatic, ferroelectric, magnetic, acoustic, optical, chemical, elec-
tronic,electrical, mechanical, etc.,, in nature,
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Storage Capacity®*, The amount of information that can be retained in
a storage (or memory) device, often expressed as the number of "Words"
that can be retained (given the number of digits, and the base, of the
standard word).

When comparisons are made among devices using different bases
and word lengths, it is customary to express the capacity in ™Bits".
This number is obtained by taking the logarithm to the base 2 of the
number of distinguishable states in which the storage can exist.

Notes The "Storage (or memory) capacity of a computer® usually
refers only to the principal internal storage section.

Store#, 1) To retain information in a device from which it can later
be withdrawn., 2) To introduce information into such a device., 3)
British synonym for ®Storage® 3).

Subroutine#, 1) In a ®Routine®, a portion that causes a computer to
carry out a well-defined mathematical or logical operation. 2) A
routine which is arranged so that control may be transferred to it
from a Master Routine and so that, at the conclusion of the subroutine,
control reverts to the master routine. Such a subroutine is usually
called a closed subroutine. A single routine may simultaneously be
both a subroutine with respect to ancthzr routine and a master routine
with respect to a third., Usually control is transferred to a single
subroutine from more than one place in the master routine and the reason
for using the subroutine is to avoid hawving to repeat the same sequence
of instructions in different places in the master routine.

Ternary. See "Positional Notation®.

Test Routine. 1) Usually a synonym for ®Check Routine®. 2) Sometimes
used as a general term to include both check routine and ®*Diagnostic
Routine®™, :

Track (iE;Electronic Computers)#, That portion of a moving=type storage
medium which is accessible to a given reading station: e.g., as on
f£ilm, drum, tapes, or discs. See also "Band¥,

Transcriber. Equipment associated with a computing machine for tle pur-

pose of transferring input (or output) data from a record of information
’ in a given language to the medium and the language used by a digital

computing machine (or from a computing machine to a record of information).

Transfer#, 1) To transmit, or C information from one device to
another, 2) To ®Jump®. 3) The aét of transferring,

Transfer Check, See ®Check®, "Transfer®,
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Transfer Control#., Synonym for ®Jump®,

Translator. A network or system having a number of imputs and outputs
and so connected that signals representing information expressed in a
certain code, when applied to the inputs, cause outpu'b signals to appear
which are a representation of the imput information in a d:.fferent code,
Sometimes called "Matrix%,

Unconditional Jump#. An instruction which interrupts the normal pro-
 cess of obtaining instructions in an ordered sequence, and specifies
the address from which the next instruction must be taken.

Unconditional Transfer of Control®*. Synonym for #Unconditional Jump®.

Unit#, A portion or subassembly of a computer which constitutes the
means of accomplishing some inclusive operation or function, ass "Arith-
metic Unit®,

Verlflcatlbno The process of checking the results of one data trans-
cription against the results of another data transcription. Both
transcriptions usually involve manual operations. See also ®Check".

Volatile, A term descriptive of a storage medium in which information
cannot be retained without continuous power dissipation,

Notes Storage devices or systems employing nonvolatile media
may or may not retain information in the event of planned or accidental
power removal.

W:‘i.lliams-n'l‘ube Storage., A type of electrostatic storage. -

Word (in Electronic Computers)#. An ordered set of "Characters® which
is the normal unit in which information may be stored, transmitted, or
operated upon within a computer,

Word Time. Synonym for "Minor Cycle¥.

Writek#, To introduce information, usually into some form of storage.
See also "Read%,
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II. Terms Used in MIC ‘ :
Many of the general.terms in I are used in MIC, In addition,
there are special terms _i‘rgquen'l;ly'_usgdf,._

AND Circuit . Usually'a diode circuit with two or more’¥level™ inputs
and one Wlevel® output., If all inputs arfé at +10 volts; the output
will be at #10 volts, If any one input is at =30 volts, the output
will be at =30 volts,: '

Breaker, A.circuit breaker, A switch usually for AC that can be used
to make or break a héavily loaded circuit, Usually the breaker has an
overload feature that opens the circuit when the breaker's current
rating is exceeded,

Decode, ' To perform the necessary manipulation in order to designate
one unique output for an input of several separate units,  For binary
decoding this implies examining a binary word of n bits and designating
one of 2D cutputs, (See "Decoder"o)

Decoder, A device which decodes, A binary decoder would appear as

followss
3 Bit Input 8 Position Output
i =
o 1 M I O \
| .1 | Only one output
¢ 2 is at +10 volts,
0 1 the rest are at
- Decoder L3 { -30 volts.
L_u ]
= 1 e 5
c 1 . L6 }
: T
Input Words Output Line Selected
000 0
001l 1
010 2
011 3
100 L
101 5
110 6
111 T
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Diode, A two-terminal device that offers a high resistence to current
flow in one direction but a low resistence to current flow in the other
dirGCtiono .- o .. e .- It . Lo
Display., A picture on a Cathode-Ray Tube; or the Cathode-Ray Tube, it-
self, with the associated circuitry necessary to provide control of the
electron beam in the tube, - - o
Field, A group of storage registers, usually containing 20h8 registers,
Alsos the words that wemds* go into a field of storage might be called
a field,

Flexo, The Flexowriter printing or punching device. 3
Incident, An occurrence of failure of the MIC computer or some part
of the computer or its associated equipment, @
Jack, A connector (male or female) used with "video cable™ +to' bring
the end of the cable xnto a circulto - N
Level, A voltage of +10 or =30 used throughout MIC to control the
passage of "pulses” through gate tubes, A voltage of 10 on the
suppressor of a gate tube allows passage of thé pulse through the tubeo
a voltage of m30 prevents passage-of the pulse,

Live Register, A register of flip-flops that can be substituted for
a register of Panel Memory,

Magnetic-Core, A small toroid of ferro-magnetic material that is a
permanent magnet., It can be magnetized for computer purposes in one
of two directions and switched frpm one diregtion to thg other,

Matrix, "A group of properly connected AND circuits to perform some
function, usually to decode,

Mixer, One or more diodes with appropriate circuitry to provide
passage for two or more input ¥pulses™ into a single output, but
preventing the passage of a pulse on one “inpiut from travelling out
on another input, Also called an "QORY circuit,

MIC, The Memory Test Computer named for its original function, to
test a magneticxcore memory, MIC has since outgrown its original

function, Also, the personnel and organization forming the section
in Group 6l for operating and maintaining The Memory Test Computer,

OR Circuit, A Tmixer®,

PETR, The Fhoto-Electric Tape Reader made by Ferranti Ltd, for reading
punched paper tape,
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PIU, Flug-In Unit, a circuit wired onto a unit with a mals plugs
such that it can-be easily conriected or disconnected from the
wires on the female plug leading into er out of the circuitrye

PIUMP, Plug-In Unit Mounting Paiel, a number of ‘female plug con-
nectors mounted on a special panel for incorporation into racks in
MIC, PIU’s plug in PIUMP's,

Plugboard, A board with many holes where special "Plug-wires™ can
be installed, The configiration of plugwirés can be fixed when the
plugboard is connected into & fémale recéptacléd and perform a partiw
cular storagé, Plugboards are used in Panel Memory and with the
card machine,

Plugswire., 'A wire or device which provides rigid pins for use with
a plugboard.

Pulse, A 0,1 pus burst of voltage starting at 0 volts, réaching'a
peak of several volts in about 0,05 s and thén falling off to 0~
volts again in an additional 0,05 us, These pulses can be considered
as being half sine waves,

SAP, Symbollic Address Program, a program for MIC for converting -
instructions punched in Hollerith code on IBM cards into l=6<6 tapé,
or binary FBM cards for reading directly into MIC, See Section 23,
Sequence, Omé-of 8 possible steps of an instriction or Progiam
Timing of MIC, An instruction may use two ar mere sequences,
'SYAAP, Symbollic Address Zssembly Program, a program for MIC for
converting flexo tape of a particular format into L=6<6 tape for
reading directly into MIC.

Sequence Pulse, The pulse that appears for the perfonnarice of a given
sequence of an instruction,

TAF, The Tape Adapter Frame, a piece of SAGE equipment bought from
IBM to provide an intermediate control for commnication between MIC
and tape units. '

Terminator, A.resistor used between the signal Iead and ground {or.
shield lead) at the end of a video cable to provide the ¢able with
the proper end impedence, Terminators may appear as bare resistors
or as sr_nall metal units on male "jacks"s )
Toggles, A set of toggle switches, usually those used with Panel
Memory, L I . ,
Transfer, The instruction used to jump program ¢ontrol of MIC from
one address to anothero Also, the act of pe;ffo_;'ming the jump,

Transient Error, A. failure of'MI'yC”WhiCh appears for a short time, °
interrupting operation, but not preventing further proper operation,
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Video Cable. A special cable consisting of a wire surrounded by a shield,
with appropriate insulation, used for piping pulses around MIC. The
characteristic impedence of the cable for 0,1l fus pulses in 93 ohms.
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MIC Service Manual, Section 23

UTILITY PROGRAMS

Input

"4-6-6 tape'"---Read-in--~Auto Start
Binary Cards--~Blnary-Card Load
Binary Card Corrector

Conversion
Regic Conversion

) to Address Assembly Program (SYAAP)
m«xWOLLu Asgembly Program (SAP)

Post Mortems

Magnetic Tape
Octal Scope
Cctal Card
Decimal Card
Ootal Flexo

Punchout
L-6-6 tape
Binary card

L-5~6 Relocation

Clear Core Storage

Clear Fields Tape
Clear Memory Card
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STRUCTURE OF CONVERTED (4-6-6) TAPE

Tapes produced by MIC conversion and assembly programs are
called "L4-6-6" tapes. This format was chosen so that the taps can be
read into the computer by a simple plugboard program. The binary value
of a "word® is punched on it with a punch stending for a one, and no
" punch for a zero. The Photoelectric Tape Reader is wired so that it
will ipgnore all information not accompanied by a punch in the seventh
position. Hence & line of tape can store only six digits, and three
successive lines of tape are required to store a sixteen-bit MTC woxd.
A word is punched on tape in the following fashion:

hole no. 16-digit word
123.bs567 ABCDIEFGHJK|LMNP QR|
-=A,BC DiX’
EFG.HJKX|
LMN.PQ Rng

e e

‘feed hol=s  Tth holes accompanying
2 word are always punched.

L digits 6 digits 6 digits

The name "L-6.5 tape" originates from the fact that a 16 Lit word is
broken into succesgive groups of 4, 6, and 6 bits.

Reading L-6-6 Tape, reassembling the 16~digit words, and stor-
ing them in their proper locations in the computer are ascoomplished by
the "4-6-6 Read~in Program". This program is stored semi-pemmanently in
the compuker in registers with octal addresses 0-40 through 0-77, “Plug-
board Storage". Pushing the button labeled "Start {(over) ah 40" (octal)
on the computer control panel causes the compubter to start performing
the 4-6-6 Read-in Program. The photo-electric tape reader iz under the
control of the Read-in Program.

Normzlly, the 16 bit words are read from the tape, assembled
one word at a time, and stored in consecutive memory registers in the
computer. There are three circumstances, however, which require that
the 4-6-6 input program be able to perform other functions:

1) At the beginning of the tape, and frequently elsewhere,
it 1s necessary to specify an address at which the Read-in
Program is to start storing words.

2) At the end of a tape, and occasionally elsewhers, it is
necessary to direct the computer to leave the L-6-6 input
program and to start taking instructions from a particular
address in the main program. This is called "changing
control to the main program'.

3) A checking procedure known as "sum-check" is uzed to check
the reliability of the tape punching and reading equipment.
This is done by accumulating the arithmetic sum of all
words read in since the previous check sum. Each word
read in is added to the cumulative sum, and “overflow"
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(any part of the sum which is greater than unity) is
neglected. This sum accumulated by the Read-in Program
is compared with a supposedly identical sum which is
punched on the tape. If the sums do not agree, a mistake
has been made and the Read~-in Program stops w1th a ''pro-
grammed" alarm.

Each of these three special situations is controlled by "key
words" on the 4-6-6 tape. The first of each group of three lines on
tape has two positions which are not required by the 16-bit binary
word. The second of these spare positions is not used, but the first
position is occupied by a single bit called the "directive bit". If
the directive bit is a "0", the accompanying word is a key word -~ in
reality an instruction which will be performed by the Read-in Program.
If the directive bit is a "1", the accompanying word is to be handled
by the Read-in Program in accordance with the most recent pair of key
words.

The 4-6~6 tape is divided into blocks by the differsnt key
words. There are four types of blocks on L-6-6 tape.

a. Store Block

A block, or group of words to be stored, begins with a palir
of key words: sof a and st x, which designate that the first
word of the block is to be stored in register x of field a,
and that the block is a store block. In the absence of other
key words, the Read-in Program will automatically store the
succeeding words in successive reglsters.

b. Transfer Block

This group of words stops the Read-in Program and starts the
main program ("changes control to the main program")}. The
entire block consists of two key words, sof a and tro X,
which will set the computer up to take the next instruction
from register x of field a, the address of the first instruc-
tion of the main program.

It is sometimes desirable to "nullify" a transfer block: that
is, to make it have no effect on the Read-in Program. This
can be done manually by punching a single hole in position "c"
which will change the second key word from tro x to sof x.

The result is a "nullified transfer block'.

c. Sum Check Block

A sum check block consists of two key words followed by a check
sum word. The key words are sof O and id 50 (octal). These
words direct the Read-in Progrem to compare the check sum (1)
it finds on tape with the check sum (#2) which the Read-in
Program has accumulated in register 0-50 (octal).
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d, Check Sum Reset Block

23-a-3

Because of space limitations, the Read-in Program is unable to
set the check sum to zero, hence the need for a "check sum reset
The reset block is in reality a store block which stores
the quantity zero in 0-50, the register assigned for the check

block".

Sulll.

Following reading in of a reset block, the Read-in Program

will accumulate a sum of all words and their directives which
After an appropriate number of words on

are read from tape.
tape, a sum check block will be found.

When the sum check

block is encountered by the Read-in Program, the sum accumula-
ted thus far will be checked. If there is more data on the tape,
a reset block should occur so that a new sum may be begun.

A graphic representation of the various kinds of blocks is given

below:

word 1

10

)

10

Lf

word n

I

|.
i
'

0.00000

nullified  check sum sum check
store transfer transfer - . reset block
block block block < block

00 00 | - [00] [o0] 00"

sof a sof a sof a sOﬁ#O sof 0
00| - Joo | 00] o] | 00!

st x tro x | sof x st 50 id 50
o ! o .
10 10| 0

% check sum
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READ-IN PROGRAM

The program is quite compact because of space limitations.

23-a~k

The Read-in Program is the most frequently used program in MIC.

diagram follows:

4

Read "word" and |
determine its

type.

l

Control Words

Determine which
control word has
been read, and
change the pro-
gram accordingly.

J

Its flow

Program Words

Do as directed by
previous control
words. (That is

store the word, or |

compare it with the
computed check sum.

Set to store next
program word in the
next consecutive
register.

T

Add the "word" if

it is a control word
or "word +1" if it
is a program word,

to the check sum.
Return to beginning
for next word.
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KEY WORDS
Key words are distinguished by the positions of the "ones" in the

instruction code. This is especially easy since there are only 4 key
words:

sof = 10101
tro = 10001
st = 00100
id = Q0011

These are always stored in LR2, 0-62, when they are encountered.

5T

Qe

If the key word in the accumulator is positive, it is assumed
that the word is either st x or id 50. In either case, this
key word need then only Pe added to the check sum, since it is
already stored in LR2.

If the key word in the accumuwlator is negative, however, it
must be tested to distinguish between sof = 1010l and tro =
10001; this can be done quite easily by cycling the word to
the left two places, i.e. to the right .30 places, and sensing
the "sign bit". If it is a "1", the word is sof and should be
stored in IRL, 0-6l, before it is added to the check sum. If
it is a "zero" simply halt the Read-in Program.

If the transfer block is correct after reading in a tape, the
program can be restarted merely by hitting the restart button.
Because the_halt of the Read-in Program is in register 0-57,
restart will start at register 0-60, perform & senseless cxc
left 2 and then perform the key words in live reglsters one

. and two, which are gof a, tro x respectively.

ri 32

Lo read in 3 lines of tape with directive bit
b1 ri 32 in sign bit
ko ri 22 !
L3 tn 60 if negetive; directive bit, present program word
Ly cr 2036 put key word in AC '
45 st 62 store in IR2
46 tn 55 if negative word is either_gof or_tro
47 tr 73 if positive word is either_st or id add to checksum
50 (IR 5) (temporarily used as check sum)
51 (IR 3)
52 er 2002 put word back in AC
53 st 61 store in IRl ,
54 tr 73 add to check sum and repeat
55 er 36 cycle left 2
56 tn 52 if negative word is sof
he 1 if positive word is tro, helt read-in
60 cr 2036 cycle word left 2 to put word in ‘the accumulator
61 (IR 1) perform key words
62 (IR 2) '
63 tr 65

6L sof 2000 if id block failed give programmed alarm
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65 cr 20 put word in B-Register temporarily

66 sof 0

67 ao 62 index IR2 to prepare to store next word
TO0 cr 2020 put word back in AC and clear B-Register
Tl ad 57 r¢ +1 to count directive bit

T2 to T3

73 ad 50 add check sum

7% to 75

75 st 50

76 tr 40 Repeast

77 (IR k)

AUTO START

Because of the structure of the Read~in Program, it is possible to
attempt to store informetion in the plugboard. Information will be
stored only in live registers, but each word and directive bit will be
added to the check sum. By attempting to store a block of words in
panel memory, we can modify the Read-in Program sufficiently to produce
an automatic start; that is, control will be avtomatically transferred
to the main program and started immediately after the last word is read
in.

The auto-start block attempts to store in field zerq,beginning at
register 50, the following words:

50 ha O
51 tro x x is the core starting address
52 tno 3777-x x and 3777-x are used to keep check sum of
these two words constant
53 ha 0, ha 1, or ha 2 0, 1, or 2 depending on field desired
54 op 3715
55 ha O
56 ha O
57 ha O
60 ca 3772
6l pf 5
62 tr 47
63 0
Note that: ha O in 50 (check sum register)
tro x in 51
pf 5 in 6L
and tr in 62 are the only

words actually stored. The other words serve two functions: first,
they aid the Read~in Program to store pf 5 in 60 and_tr 47 in 61; and
second, they assist in getting the check sum equal to sof g‘(a =0, 1, 2).

After tr 47 is stored in 62 and added to the check sum, register 50
will contain sof &. Register 62 will be indexed automatically by the
Read-in Program to contain tr 50. Since the last ha O has a directive
bit, the Read-in Program performs the instructions in live registers
one and two, as it normally does. However these instructions now read:
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61 pf 5 set id to not stop
62 tr 50
50 sof a
51 tro x

After the last two instructions, the computer will continue with
the instructions in field a, beginning with register X.
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'READING BINARY CARDS

Punched cards can be used as input and output to the computer
in mich the same manner as punched paper tape., MIC!s punched card equip-
ment is designed to use normal IBM cards which measure approximately
3.3 x Toli inches, An IBM card has 80 colums, each of which has 12 rows
of punch positions, The same physical card is used for two fundamentally
different conventions: "standard" or "Hollerith" cards, and "binary" cards,
A "standard® or "Hollerith®™ card is one in which the configurations of
punches in a column represents one character in. accordance with the IBM
card code shown on page 3=i-l3 of this manual, A binary card contains
numbers or instructions in pure binary form arranged in 12 horizontal
rows of four words each. In this form a punch stands for a Yone" and no
punch for a Mzero®,

The MIC card machifie is part of an IBM 513 Reproducing Punch
modified to produce proper signals to the computer; it transmits to the
computer anly 64 columms of the card, normally colums 17-80, A card
is read as though it contained 16-bit binary words in columms 17-80 in
twelve rows of four words each, starting with the "9" or bottom row., The
card reader is actuated by the MIC instructions op 1000+n and op 1L400+n
{octal). Each gperate instruction reads into the B-Register the word in
either position 0, 1, 2, or 3 according to the value of "a" modulo L,

The "binary card read-in program®™ or "binary card load program®
written by Ray Olsen will read into the computer binary cards with the
following structure:

The ®"9" or bottom row of the card contains the control words
or key words. The key words are as followss

Key Word 1 This word is always an sof a, where %am
designates the field in which the data on
the card is to be stored,

Key Word 2 This word is always st X, where "x" is the
' address to which the first data word, word

ng", is to be stored. The remaining words
will be stored in consecutive memory loca-
tions,

Key Word 3 This word is the word count; that is, the

‘ number of data words punched on the card,

The word count can be any number from 1-53

(octal).  The sign bit of this word is used

as a control bit. '

Key Word L This word is the check sum of the first
three key words and all the data words on
the card,
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STRUCTURE OF BINARY CARD
row 12 | Data Word L0} Data Word J1| Data Word 42| Data Word h3&
) ror 11 | Data Word 36! Data Word 37| Data Word 38| Data Word 39
row O | Data Word 32| Data Word 33| Data Word 3L | Data Word 35
row 1 {Data Word 281 Data Word 291 Data Ward 30| Data Word 31
row 2|Data Word 2l Data Word 25| Data Word 26| Data Word 27
row 3 |Data Word 20| Data Word 21| Data Word 22| Data Word 23
row l{Data Word 16| Data Word 17| Data Word 18| Data Word 19
row 5 {Data Word 12| Data Word 13| Data Word 1] Data Word 15
row 6| Data Word 8] Data Word 9| Data Word 10| Data Word 11
row 7T | Data Word li| Data Word 51 Data Word 6| Data Wora 7
row 8 ) Data Word 0| Data Word 1| Data Word 2| Data Word 3-
row_9 | Key Word 1| Key Word 2| Key Word 3! Key Word L
- e
Thgg;-ggag°18~ Cols. 17-32  Cols. 33-i8 Cols, L9-6L Cols. 65-80



9=19=57

v

23<b-3

set Pid"™ to not stop
Preset to read first
word of card,

Read first word and set
sof a for data words and

for auto staﬂ&., .

R .l..‘"’r- ,M,c

" Read second word-and set
3t x for data words and

tro x for auto stars,

Add two preceeding words

Read third word and store,

|

to it to start comput:lng
check sum,

Read fourth word 1.0, check
sum and store,

It

Read next word, store, and
add to check sum,

end

%1&5
end of

not end |

spin wheels until
end of card

Y

compare check sums

agraes

disagrees - givs programmed
. alarm

if plus=

t

if minus

ssnse control word :

transfer control
to first data word

v
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Binary Card Load Program )

00 pf 5 set id to not stop
ca; 65 preset read-in Mop" instruction
st 61
tr 53 read in first word
st 26 set ¥sof? for data words and
st 51 for auto, start
tr 53 read in 2nd word
st 27 set Wst¥ address
10 ra 52 and ®tron
tr 53
st 70 read in 3rd word and store
ad 27 add 2 preceeding words to third word
ad 26 for check sum
to 16
st Tl
+r 53 " read in check sum
20 st 72 o
ca 70 extract address of control
et 66 word. for word count
ad o7 add it to st for st last <1
st 73 |
ws read in data words
(sof a) storing as reading in
‘ v(‘st x)
30 sof 1

ad 71 _ add check sum to word read in
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Lo

50

60

to 33
st 71
ca 27
ad 67
ra 27
su 73
tn 25
tr 53
tr L1
ca 72
id 71
tr b7
sof 2001
cs 70
th O
(sof a)
(tro x)
rf 63
ca 61
ad 67 |
st 61
id 6L
w3
op 10(?0 +n
er 20
(tr 0)
kdp 1060

ao store instruction
check end neg = not

spin wheels until end

.of eard

check sum
71 contains computed check sum
check sums agree

stop on error

neg; means no control bit

set by address of first word
set by address of second word
read next word subroutine

ao "op®

exit at end of card

. read next word

end check

23-b-g
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op 777 #oph preset
ha 3777 mask
ha 1 rel

70 . {+0) control word
(«0) computed check sum
'(#Oj read in check sum
(+0) : end check on storing

The sign bit of key word 3 is used by the ®Binary Card Load
Program"™ to transfer control to the first data word after all the data
words on the card have been stored, Whenever the sign bit of key word
3 is a "one%, the Binary Code Load Program performs sof a tro x where a,
are the addresses of the first two key words on the card, “One data word
will be stored even if a zero word count was given, Cards with a "one"
in the sign bit of key word 3 are called control cards: Three typical
control cards are the Start Card, Gloar Memory Card, and the Binary
Corrector Load Card,
Start Card

This card contains a two=-instruction program which transfers
control to the main program,

A, Key Words
sof 0‘
st 50
1.00002
check sum (changes with each card)
B, Data Words | |
sof 2
’c.r6 x
2 and x are the field and address at which the program starts

Clear Memory Card

.

~ This card contains a program which clears all of field two,
all but the first hundred registers of field one,  After clearing Mem-
ory it transfers back to the card 1oad program and continues read:u.ng
cardso . .

;
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A, Key Words

sof 1

st 75
1,000 1}

1,215 40

B, Data Words

75
76
7
100

~N O v W

110

tr 100
cb 100
tr O

ca 107
sof 1,02
‘cb O

sof 1

ca 110
sof 401
tr 76
0.0 L4ooo
0,0 3700

Mim Cor Load Card

This card contains a program which modifies the Card Load

Program, so that the treatment of all following cards is as followss

1.
.2°

3.

1,

The first three words in the ®9® row are read in with no
check sum,

The first two words of the card are performed as instructions,
with the third word in the accumulator,

The next card is treated as in steps 1 and 2,
Examples of correction cards to follow the Binary Correctors

1st word sof a
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2nd word st x

3rd word et b

. The instruction et b would be stored in register x of field a.

2, 1lst word sof a

ond word  ra x
3rd word et b

The address b would replace the address contained in register
x of field a,

3o 1st word sof a

ond word tro x

3rd word et b

The control would be transferred to register x of field a.
The third word has no effect in this case, .

Any number of correction cards may be placed after the Bin
Cor Card, However, only one correction can be made per correction
card, and the last correction card of a series must either contain a
halt instruction or be of the type illustrated in example 3, The
Tegular Binary Card Load Program is available on a continyous loop of
L-6<6 tape in avto-start form, It is therefore possible %0 insert a
Bin Cor Card and a number of correction cards in the middle of a deck,
provided the last correction card starts with the words Vsof 0, tro hO"°
this last card will cause the regular Card Load Program tq be returned
to storage for normal reading of subsequent data cards,

A correction can also be made by inserting a normal card con-
taining one or more data words anywhere in a deck after the errcnecus
card, Since the technique does not require the punching of a transfer-
or halt-type correction card, and since the Bin Cor Card has no error-
detecting device, it is recommended that the Bin Cor Card never be used,

'i‘he contents of the Bin Cor Load Card are as follows:
Ao ay Hords

sof 1

st O

1,00022

1.5 0702
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B, Data Words

0 ca 21 “
1 st 60
2 ca 65
3 st 61
L tr 53
5 st 15
6 tr 53
7 st 16
10 tr 53
11 st 22
, 12 tr 53
;13 trle
1 ca22
15 ( )
\ 16 ( )
17 sof 1
20 tr 0

21 tr 1l
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MTC Service Manual, Section 24
TEST PROGRAMS

Marginal Check System Control Program

Drum Check, T15

Flexowriter Punch and Type Check

Scope Test, TS5
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MARGINAL CHECK PROGRAMS ON MAGNETIC TAPE

OPERATING INSTRUCTIONS
A. Read~In
l. Put the marginal check plugboard in the plugboard receptacle.
2. Load any tape drive with the marginal check tape and set it to 1.

3. Make sign bit of register 0-3k positive, and select the first
program to be run. (See Program selection item #1).

L, Turn on the Flexowriter.
5. Start at 0-45. (0-0 tr 45)

The tape will be read in and stored on the drums. At the "end
of file" record, the tape will be rewound and the control program
will be selected and started.

B. Program Selection

1. The first bit set to a "one", counting from right to left in
register 0-34, determines which Test Program will be selected
from the drum and started. Only one program can be selected
at a time. For example,

A "one" in bit 15 will select MC 100

A "one" in bit 14 will select MP 60

A "one" in bit 13 will select T6 (Mag. Tape Check)
A complete listing is given on the following page.

2. Start at 40. The control program will be read from drum field
16 and started. It in turn will select and start a check pro-
gramo

3., Drum check (TL5) is an exception; it can be run by setting the
sign bit of 0-34 negative, and starting at 0-45.

8, The drum check T15 is stored only in core memory, and may
destroy itself during marginal checking. Therefore, after
the program has been read from the tape, the tape is back~
spaced, and prepared for reading again.

b. After running the drum check program it is necessary to
read all the other progrems in again by starting at 45
with 0-34 positive.
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_BITS OF REGISTER 3l

2lheae2

PROGRAM SELECTICN LIST

PROCGRAM COMMENTS
bit 15 MC 100 set ID to STCOP
bit Ll MP 60 suppress overflow
\
bit 13 T6 (Mag tape check) 0-3 Select tape unit
(ha 2 or ha 3)
to select unit L
first remove MC tope
0=20 left words (ha 77)
0=21 right words (ha 0)
' 0=36 +0
0~37 +0
bit 12 T12 (PETR Test Tape) | Load alternate hole tape
' in readers If out of
syne; push restarte.
bit 11 "rf® check
bit 10 Displays Select proper display by

a one in a bit of register
0wZ200
Bit 15 = Ziegler's scope
test
Bit 14 = 3 horizontal
lines
Bit 13 = 3 vertical lines
Bit 12 = 2 diagonal lines
Bit 11 = + and = zero
lines
Bit 10 = 3 horizontal,
3 vertical and 2
diagonal lines
together
Bit 9 = 1 horizontal lins
(max. positive)
= 1 horizontal line
(max. negative)

Bit 8
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BITS OF REGISTER 3k

PROGRAM SELECTION LIST

PROGRAM

21!-‘-'—‘3-‘43

COMMENTS

bit 1O

Displays

Bit 7 = 1 vertical line
(max. positive)

Bit 6 = 1 vertical line
(max, negative)

Bit 0 = index the camera
(if no other bit
is selected the
camera will be
indexed 13 timesj
if another bit i
selected, the
camera will be
indexed after
each display
cycle)o

bit 9

Punch

punch alternate holes in
blocks of Lo

bit 8

Type

alphabetic, numefic o and
symbolic characterso
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| MARGINAL CHECK PROGRAM SYSTEM

Marginal checking is & means of anticipating certain types of
computcr failure; general comments about marginal checking may be found
on page l-m-1 of this manual. Because many programs are used during
‘merginal checking, an attempt has been made to simplify the reading
into the computer of these programs. A system which we shall call the
Marginsl Check Program System, or the MC Program System, was designed
to incorporate all the check and test programs in one system. In
this system magnetic tape is used as an auxiliary memory. Operating
instructions for the program controlling this system will be found on
page 2h-a=l of this manual.

During actual marginal checking, programs are stored on MIC's
drum fields to eliminate time-consuming magnetic tape searching. To
control the Marginal Check Program System a master control program was
written. Part of the control program is stored on the magnetic tape
‘and part on a plugboard: Part of this plugboard is used to read the
control program on magnetic tape into field 2 and start the "read-in"-
su.b-progra;m° '

.The control program is divided into several non-overlapping
sub-programs, whose starting addresses are given below°

0-40 Read the control program from drum
~ field 16 (octal), and start it at
2"‘00 :
0-45 . | Read the control program from mag-

netic tape, and start. the read-in
section at 2-110 if. O-3h is ‘posi-
tive°

2=0 o . Start program selection, which 1is

' ‘ used by the marginel check pro-
gram system to pick up and start
individual check programs, according !
to the contents of 0~3h ‘Bee ‘page
2#--9.-1o

2-110 Read~in of magnetic tapc is a con-
' tinuation of the program starting
on the plugboard, register 0-U45.

2-3110 . Write contents of field 1 onmto a
- tape, selected as unit 2.

2-3117 Write contents of field 2 (control
‘progran onto a-tape, selected as
unit 2; "end of file" will be
'writtcn automatically

) — '
2-2000 ? . :Writc part of ficld 1 onto a drum
: field 3 with word count specified
in 0-20. and. starting address speci-
fied in O-Qlo
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2201k Resd drom field 3 .into field L.

2-2100 Copy tepe. Read unit "one" write
‘undt twos o -

2-3000- Bead wnit 1 and write op unit 2.

This program reads up- to "end - -of
£ile" then writes.all but the

last two recerds-onto: tape unit 2.
It then mmms,tape unit l. '

RN

The magnetic is written in full field-length (2048 words)
records, which are read by the read-in part of the control programe. - = -
Each record is read onto fn.eld 1 and then written onto a drum field.
Read=in is programmed to stop on an "end of file" record. The system
has been designed so that more than one program can be stored per record. .
Until the system is complete there will not be a fixed mumber of records,.
but because there are only twelve drum fields, there can be at the most.
only eleven ‘mcwds« of test programs. on the tape.

An exception to the gystem was made for the drum check programg
'be.ause this program destroys all the drum fields, I% was stored as the -
Ffirst record on the 1;apeai,t it is selected by stariing the plugboard

program at O-L5 with 0-3l negative., The remainder of the magnetic tape
has on it the following field-length records, in this orders:

l. Control Program‘ (for read-in of mgnetic tape)

2, MC 100

3. MP 60

Lo Magnetic Tape Check

5. PEIR Test and "EF"™ Check

6.. Control Program

The éontrol program is the first of these records to provide
a read-in program for the rest of the magnetic tape. Also, to be

accessible for changes and insertionsyit is made the last record. ‘The
latter control program is written on drum field 16 (octal) by the read-

in sub=program, and used to control program selection. -When a new

program is written on the tape, it is either added to the second last
record or written as a new record between the second last record and the-
contyol programs In either case, new constants must be inserted into the
control program, which is then rewritten. To select a test program from
the drums, the control program uses two tables, namely the Table of Drum
Starting Addresses and the Table of Drum Fields. The first table occupies
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registers 300-317 of field 2; the second table occuples registers
400-417 of field 2. Whenever a progrem is added to the marginal check
tepe, appropriate entries must be made in these tables at the next
unused reg:!.ster in, each. The chart below contains current data about
the control program and. the storage requirements of the test programs.
From it one can determine the constants necessary when & new program is
added to the system.

Check Pro. Drum Field Table Drum Sta. Add. Table Storage Req.
(Octal Regs.)

MC 100 3 100 0 300 1000
MP 60 91 Lo1 0 301 14000
Mag. Tepe Check = 5  Lo2 0 302 600
PETR 6 ko3 0 303 '300
"RF" Check 6 Lok 300 304 300
Displays 6 Los 600 305 500
Punch Check 6 ko6 1300 306 )To)
Type Check 6 ko7 134%0. 307 100

The left-hand entry in the "Drum Field Ta'ble" is the drum
field on which the program is found; the left-hend entry in the "Drum
Starting Address Table" ig the starbing address of the program on the
drum field. The right-hand entries in both tables are the addresses of
the registers in the control program in which the left-hend entries nay
be found.
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GENERATION OF A NEW MARGINAL CHECK TAPE.

To generate a new marginal check tape, a program entitled "copy
tape", which is on "4-6-6 tape" for convenience, is used. The' procedure
is as follows:

1. The "0ld" file-protected tape is placed on a tape drive,
which is then selected as unit 1.

2. .- The new tape is placed on & drive, which i1s selected as
unit 2.

3. Read in "copy tape".

4. Start at 2-2100.

Tape unit "one" will be copied record for record onto tape
unit "two". When the"end of file" record has been read tape unit "one"
will be rewound, and an"end of file" record will be written on tape unit
"two" which will also be rewound.

Since "Copy Tape" i8 a part of the marginsl check progrem, it
is available for use whenever the control progrem is in memory.
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ADDITION OF A FROGRAM TO THE MARGINAI. CHECK TAPE

Before a program is added to the marginal check tape, this question
mst be answereds Is there room in the sscond last record for tho new
_program?

It is difficult to make a new tape, and dangerous to add to‘an exist-
ing tape; therefore, to add a program, generate a new marg:mal check tape,
The procedure is as followss ‘

"1, The %old" f:n.loaprotec'bod tape is placed on a tapo dr:.ve s Which =
is then selected as unit 1

2. The new tape is placed on a drive 9 which is selected as unit 2,
3., Read in %add a program®,
Lo Start at 2-3000,

These steps will copy tape unit Wone® onto tape unit two oxcap’o for
the last two records, using the drum for 'bemporary storage, Theh follow’
- the proceduro indicated by the mammer in which the program will 'bu addod

'PR(}CEDUREA

If the new program will fit on the second 1ast. rocord, write the -
" old record on drum field 3, by starting at 2-2000 with the number of regis-
ters filled by valuable information in 0-20 and ha0 in 021, The haO in
0-21 is the drum starting address of the information to be copied onto drum
field 3, Then clear field 1 and read in the new program, Put the contents
of register 0-20 into register 0-21, put the number of registers; occupied by
the new program into 0-20, and start at 2-2000, This ‘stacks the two pro-
gramshon drum fiseld 3, To mad the programs back in*bo memory, s‘ba.rt at
2=201L,

Thans insert the contents of 0-21 at the next amlablo reglster
'in the Table of Drum Addressess registers 300-317; and insert the same field
number as that of the previous program in the next available rog:.s’cor of the
- Drum Field Table, registers h00=-h17° {See chart) A

Finally, write field one onto the tape by starting at 2-3110, and
write field two onto the taps by starting at 2-3117, After field two has
been writton the ""end of file®" record m.ll be writton and tha tape rowoundo

FROCEDURE B

.

If there is not enough room in the record start at 2-=3110., Clear
field 1, read in the new program and start at 2-3110, Then, store in the
next position in ‘hha Drum F:.eld Table, the address of the next consecutive
drum field,

Finally start at 2-=3117,
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