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FOREWORD

The material contained in this Manual describes the Mechanical

and Electronic functions of the Electronic Computers, Univac
60 & 120.

The description of the machine has been divided into sections
covering; Specifications, Mechanical Description, Circuit
Description, Adjustments and Preventive Maintenance.

The plate drawings associated with each section will be found
immediately following the section to which they pertain. A
code letter suffix has been included with the plate drawing
number to indicate its associated section. When reference is
made to a plate number, unless otherwise indicated by a suffix
letter, that reference is made to the plate number associated
with the section therein.
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URIVAC 60 & 120 ELECTROEIC COMPUTER
CRABX UP MOTOR WIRING CHANGE FOR CONSTANT

VOLTAGE TRANSFORM V.o 1 5

incorrect cperation of the Cramk Up Motor has been experienced i some machinasg
where ths Sols C.V.T, Regulstor has been installed. In these zachines, the
Crznk Up Hetor Supply becomes unstable when the B Plus Switeh is closed. This
causes the Crank Up Moter Comtrel Relay to oscasionally drop out.

Te serrect this condition, the Crank Us Motor Supply Lins has been transferrsd
frow the B-2 leg tc the A-2 leg, The A-Z leg 13 more stable thsn the B2 leg

and ahows ne varistion when ihe B~Plus Interlock Switch 13 opemed and elosed.

The wiring change necesssry for transferring the Crank Up Motor 3upoly Line to
the A leg conzists of diseonneeting the lead marked "F-201 Rmar" from the rear
terninal of Fuse F-204+ and comnecting this lesd to the rear terwinal of Fuss
F-202.

Figure 1 illustrates the Calculatecr Crank Up Schematie ahowing the wiring change.
Figure 2 illustrates the Fuse Panel lceatien and the actusl wiring change.

Thiz change should be incerporated in all Umivae 60 & 120 Electronie Computers
where a Comstant Voltage Transformer has been installed.

TABOLATING SERVICES DEPARTHMNT
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BASIC PUNCH OPERATION

Fig. BI

The Punch is divided into four basic sections: Feed, Sensing, Punching, and Receiving
and the cards progress through the Punch in that sequence.

Three cycles are required to move the card from the Feed Magazine to the Receiving
Magazine:

1. Feed Cycle
2. Sensing Cycle
3. Punching and Eject Cycle

The Feed section is located at the front of the machine and is composed of a Feed
Magazine and components necessary to move the card into the Sensing Section. The
cards are placed in the Feed Magazine in a pre-arranged sequence. The time at which
the card is to be fed from the Feed Magazine is controlled by Base Timing. The
normal stopping position of this Punch is between 268° and 275°. The card is moved
out of the Feed Magazine by the Picker Knife. This knife pushes against the trailing
edge of the card and the leading edge of the card is pushed between a rotating set of
rolls called Feed Rolls. The card is then pulled by the Feed Rolls and moves through
these rolls into the second section called the Sensing Section. The Picker Knife in
the Feed Magazine returns once the Feed Rolls control the card movement.

The card enters the Sensing Section between a set of plates which are referred to as
the Sensing Card Chamber. The Sensing Card Chamber contains Intermediate Feed Rolls
which keep the card in motion when the card leaves the Feed Rolls. The motion of the
‘card is stopped by a cam operated mechanism referred to as a Card Stop. The Sensing
Card Chamber is located between two sets of Pin Boxes. Below the Sensing Card
Chamber is the lower Sensing Pin Box which is cam raised and lowered. Above the
Sensing Card Chamber is the Upper Sensing Pin Box and Sensing Switch Pin Box which
are fixed. At the time the card enters the Sensing Card Chamber the Lower Sensing
Pin Box is in an upward movement toward the Sensing Card Chamber. The machine requires
one Base Cycle, 360° to move the card from the Feed Magazine into the Sensing Card
Chamber against the Card Stop with the Lower Pin Box Pins Just shy of contacting the
card.

The second cycle of the base allows the Lower Sensing Pin Box to sense the Card
located in the Sensing Card Chamber. The lower Sensing Pin Box contains a pin for
each possible hole in the card, 540, and wherever a hole is present in the card, the
pin proceeds on through the hole. Where no hole is present, the pin is depressed.
The Lower Sensing.Pin Box continues to rise and the selected pins contact pins in

the Upper Sensing Pin Box. The contacted pins in the Upper Sensing Pin Box are ele-
vated sufficiently to be locked in this elevated position. The Lower Sensing Pin Box
having reached its up limit starts down. .

The elevated Upper Sensing Pins contact pins in the Sensing Switch Pin Box and the
movement of the Sensing Switch Pins close switches which can be used in an electrical
circuit. The information punched in the card is now retained in the Upper Sensing Pin
Box and Sensing Switch Pin Box.

The Lower Sensing Pin Box having sensed the card returns to its low limit. After the
pins in the Lower Sensing Pin Box have receded below the card, the Card Stop is

opened. The Intermediate Feed Rolls move the card into another set of Feed Rolls.

B-1



These rolls move the card out of the Sensing Card Chamber to allow the next card to
enter. The card is moved by the Feed Rolls into the Punching Chamber which is located
in the Punching Section. The card reaches the Card Stop and its motion is stopped at
the end of the second Base Cycle.

The third Base Cycle is the Punching Operation at which time information is punched
into the card.

The card is now in the Punching Chamber directly below the Die Section. The Die Sec-
tion contains the 540 punches required to punch the holes in the card. Above the Die
Section is another form of Pin Box called the Set Bar Section. The pins in the Set
Bar Section push the Punches through the card when the Set Bar Section is lowered.
Above the Set Bar Section is the Tower. The information in the Tower is set up in
the Set Bar Section.

The Tower receives its information from an external source which energizes Actuators.
The energized Actuators limit a Rocker Arm to condition a Rod within the Tower im a -
Set Up Operation.

The third Base Cycle starts with the card resting against the Card Stops in the Punch-
ing Chamber. The Set Bar Section moves up to read the set up in the Tower. The Tower
set up locks down pins in the Set Bar Section before the Set Bar Section moves down to
perform the Punching Operation. The locked down pins in the Set Bar Section contact
the Punches in the Die Section and the downward motion of this Set Bar Section forces
the contacted Punches through the card.

The Set Bar Section reaches its down limit and returns upward. The Punches are strip-
ped from the card, the Card Stops open and the card is moved by action of the Inter-
mediate Feed Rolls.

The Intermedlate Feed Rolls move the card into another set of rolls called Eject
Rolls. The Eject Rolls move the card onto the Receiver Bed where the card is dep031ted
into a Receiving Magazine at the end of the third Base Cycle.
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BASIC COMPUTER OPERATION

Fig. B2

The start of calculation originates in the Punch. The Start Cam in the Punch closes,
and if a card is present in the Sensing Section, a signal is sent to Step Control
 in the Computer to start calculation. The Computer has a capacity of 4O Program
Steps. Each Program Step performs one mathematical process. The signal from Step

Control goes to the Plugboard to start the proper step and also causes the Computer
to be zeroized.

The proper step is chosen and the Step Sequence signal reads the Plugboard to deter-
mine what factors are to be used in the calculation. Each Program Step performs a
mathematical process on two factors called Minidend (M!d) and Subvisor (Sf'r). The
M!'d and S'r can be a Card Field, Constant, Storage or any combination of the three.
The selection of the M!d and S'r is made on the Plugboard.

The completion of the Zeroize Operation starts the Control Circuits in operation.
The Control Circuits select one factor at a time. The selected factor has its deci-
mal and 90 Column Code numerical value conditioned. The decimal value is used to
control shifts. The numerical value is entered into the Input Decoder. The Process
controlled Sign Bias, Add or Subtract, together with a cycle of RIG w111 register
the decoded value into the Accumulator.

The Result is developed in the Accumulator. The value in the Accumulator is decoded
through the Output Decoder. A signal from the Control Circuit will then place the
decoded Accumulator Value into a selected Storage.

The value in Storage represents the result of the calculation. This Storage value

is now used in the Proof Process to check the Computer operation. A correct cal-
culation results in a Zero Check. The Zero Check releases the signal to Step Control
to proceed into the next Program or Function step. The answer of a Program Step

- may be positive or negative so the Plugboard controls the Program Step selection
depending upon the sign of the answer.

The Function Steps can be used in lieu of a Program Step. Function Steps can oper-
ate Selector Relays, energize Tower Actuators via Storage, Clear Storage, enable
sorting to occur on a Card Feed or cause the Punch to cycle. The clioice of which
operation is to occur is controlled by the Plugboard via the Step Sequence. The
Trip signal to the Punch indicates completion of calculation for one card.
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MOTOR DRIVE AND ELECTROMECHANICAT, CLUTCH

Plate 4B

The source of all mechanical power is the Motor A-95. The Motor A-95 is a 230 volt,
1/3 H. P. constant speed motor which is mounted to a Cradle. The Cradle Extension
and a bracket mounted on the side frame, together with a pin, form a hinge by which
the Motor A-95 is fastened to the machine.

A clearance hole in the bracket permits the Adjusting Screw A-96, together with its
Lock Nuts, to provide a sufficient drive belt tension. The Motor A-95 is controlled
by the Motor Switch on the Operators Panel. The Motor Pulley and Flywheel A-9/ are
mounted on the Motor Shaft and control the machine speed.

The "V Belt A-98 conveys the Motor Shaft rotation to the Clutch Pulley A-99. The
Clutch Pulley A-99 is free floating on the Clutch Shaft A-102 which is coupled to the
Line Shaft A-100. The Clutch Armature Disc A-101 is driven by the Cluteh Pulley A-99
by means of the Spline A-103. The Clutch Coil A-104 is fixed to the frame but the
Clutch Field Plate A-105 is keyed to the Clutch Shaft A-102. The Clutch Coil A-104%
is energized by a 70 volt supply. The energized Clutch Coil A-104 creates a magnetic
field in the Clutch Field Plate A-105 which causes the Clutch Armature Disec A-101 to
adhere to the Clutch Field Plate A-105. The rotation of the Clutch Armature Disc
A-101 will now cause the Clutch Field Plate A-105 to also rotate. The Clutch Field
Plate A-105, being keyed to the Clutch Shaft A-102, causes the Clutch Shaft A-102
and Coupled Line Shaft A-100 to rotate. The control of the 70 volt supply to the
Clutch Coil A-104+ is shown on Plate 54C.

The rotation of the Clutch Shaft A-102 and Coupled Line Shaft A-100 is stopped by
the operation of the Brake. The Brake is applied whenever the Clutch Coil A-104 is
de-energized. The Brake Armature Disc A-109 is driven by the Spline A-108 which is
keyed to the Clutch Shaft A-102. The Brake Coil A-106 and Brake Field Plate A-107
are fixed to the frame. The Brake Coil A-106 is energized by a 70 volt supply. The
energized Brake Coil A-106 creates a magnetic field in the Brake Field Plate A-107
which causes the Brake Armature Disc A-109 to adhere to the Brake Field Plate A-107.
The fact that the Brake Field Plate A-107 is fixed will stop the rotation of the
Brake Armature Disc A-109. The Brake Armature Disc A-109, being keyed to the Clutch
Shaft A-102, will stop rotation of this shaft and the Coupled Line Shaft A-100,
causing the Punch to stop. The control of the 70 volt supply to the Brake Coil
A-106 is shown on Plate 54C.

CARD FEED AND CARD CONVEYOR MECHANISM

Plate 5B

The Card Feed and Card Conveyor Mechanism consists of the Feed Magazine, Front Feed
Rolls, Sensing Card Chamber Intermediate Feed and Pressure Rolls, Feed and Eject Rolls,
Punching Card Chamber Intermediate Feed and Pressure Rolls, Eject Rolls, and Card
Receivers.

The Tabulating Cards are placed in the Feed Magazine A-i. The feeding of the cards
from the Feed Magazine is controlled by the cam driven Card Feed Slide A-9. The Card
Feed Cam A-2 is located on the Front Main Shaft A-3. Card feeding begins with the
rotation of the Card Feed Cam A-2, The Cam Follower Arm A-Y% is held against the peri-
fery of the Card Feed Cam A-2 by the Tension Spring A-16, The movement of the Cam
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Follower Arm A-4 is conveyed to the Card Feed Shaft A-~7 through Link A-5 and Arm A-6,
The Card Feed Arm A-8 is attached to the Card Feed Shaft A-7. The motion of the Card
Feed Arm A-8 is conveyed to the Card Feed Slide A-9 by the Card Feed Link A-10. The

. movement of the Card Feed Slide A-9 causes the Picker Knife A-11 to move the bottom
card in the Feed Magazine A-1 between the Throat Knife A-13 and Throat Block A-12.

The Picker Knife A-11 on the Card Feed Slide A-9 moves the card between the Front Feed
Rolls A-14 and A-15. The Front Feed Rolls A-14 and A-15 grasp the card and thes Card
Feed Slide A-Q is returned by action of the Card Feed Cam A-2,

The Front Feed Rolls A-14 and A-15 continue the card movement into the Intermediate
Feed Rolls A-17 and Pressure Rolls A-18 located in the Sensing Card Chamber. The In-
termediate Feed Rolls A-17 and Pressure Rolls A-18 force the card against the closed
Sensing Card Chamber Card Stop A-19. The Intermediate Feed Rolls A-17 skid on the
bottom surface of the card to hold the card against the Sensing Chamber Card Stop A-19.
The sensing of the card takes place at this time.

The Sensing Card Chamber Card Stop A-19 opens after the card has been sensed. The In-
termediate Feed Rolls A-17 and Pressure Rolls A-18 move the card into the Feed Eject
Rolls A-20 and A-21. The Feed Eject Rolls A-20 and A-21 move the card into the Inter-
mediate Feed Rolls A-22 and Pressure Rolls A-23, located in the Punching Card Chamber.
The Intermediate Feed Rolls A-22 and Pressure Rolls A-23 force the card against the
closed Punching Chamber Card Stop A-2t. The Intermediate Feed Rolls A-22 skid on the
bottom surface of the card to hold the card against the Sensing Chamber Card Stop A-2.

The Punching Card Chamber Card Stop A—24 opens after the card has been punched. The
Intermediate Feed Rolls A-22 and Pressure Rolls A-23 move the card into the Eject Rolls
A-25 and A-26. The Eject Rolls A-25 and A-26 move the card into the Receiver Feed Rolls
A-27, The Receiver Feed Rolls A-2/ allows the card to drop in the Front Card Receiver
A-29 or Rear Card Receiver A-30. The card drops in the Front Card Receiver A-29 when
the Front Receiver Shutter Fingers A-28 have been raised. '

The cards are stacked in the Card Receiver on the Card Platform A-31. The Card Plat-
form A-31 is mounted on Shaft A-32. Shaft A-32 is supported by the Compression Spring
A-33 so that the weight of the cards on the Card Platform A-31 will compress the Com-
pression Spring A-33 allowing the Card Platform A-31 to lower.



CARD SENSING MECHANISM

Plates 6B, 7B, 8B

The Card Sensing Mechanism consists of the Lower Sensing Pin Box, Sensing Card Cham-
ber and Card Stop, Upper Sensing Pin Box and Sensing Switch Box.

Plate 6B shows the Lower Sensing Pin Box A-34 at its low limit. At this time, the
Sensing Card Chamber Card Stop A-19 is open to enable a card to be released into the
Feed Eject Rolls A-25 and A-26., A second card is just entering the Sensing Card Cham-
ber. The second card continues into the Sensing Card Chamber as the Sensing Card
Chamber Card Stop A-19 closes. The Card Stop Cam A-45 causes the Card Stop Mechanism
A-4t6 to close the Sensing Card Chamber Card Stop A-19. The second card, upon reaching
the Sensing Chamber Card Stop A-19, has its forward motion stopped with the Intermed-
iate Feed Rolls A-17/ skidding on the bottom surface of the card.

The Lower Sensing Pin Box A-34 is now in its upward motion. The roll on the Pin Lock
Mechenism A-38 is on the high part of the Dummy Cam A-37. This position of the Pin
Lock Mechanism A-38 causes the Lock Slide A-36 to be held in a retracted position so
that the extrusion on the Selecting Pins A-35 are in the open portion of the Locking
Window of the Lock Slide A-36.

The Lower Sensing Pin Box A-34 in continuing to rise enables the Selecting Pins A-35
to contact the card which is held in the Sensing Card Chamber as shown on Plate '/B.
From this point a Selecting Pin A-35 will either penetrate a hole in the card or be
depressed where no hole exists due to the rising of the Lower Sensing Pin Box A-34.
The No Card Sensing Plunger A-4O also contacts the card and is depressed causing the
Pin Lock Control Lever A-41 to release the Pin Lock Mechanism A-38 so that the roll
on the Pin Lock Mechanism A-38 can follow the slope of the Dummy Cam A-37. The Pin
Lock Torsion Spring A-39 enables the roll on the Pin Lock Mechanism A-38 to follow
the slope of the Dummy Cam A-37. This motion of the Pin Lock Mechanism A-38 moves
the Lock Slide A-36 so that the extrusion on the Selecting Pins A-35 contacting the
card will be depressed below the Latch in the Lock Slide A-36. The Selecting Pins
A-35 which penetrate a hole in the card will have their extrusion above the Latch
on the Lock Slide A-36. Just prior to the latched Selecting Pins A-35 contacting
the Set Up Pins A-U43 the selection in the Upper Sensing Pin Box A-42 is retracted.

The Retract Cam A-49 operates the Retract Mechanism A-5C so that the Retract Bail A-43
retracts the Lock Slides A-llt. The Lock Slides A-44, during retraction, are positioned
so that the extrsuions on the Set Up Pins A-U43 are free of the Latch in the Lock Slide
A-14t. The Compression Spring on each Set Up Pin A-43 will force these pins down so
that the shoulder on the Set Pin A-43 will limit against the Cell Plate A-52.

The selected pins in the ascending Lower Sensing Pin Box A-34 contact corresponding
Set Up Pins A-43 in the Upper Sensing Pin Box A-42. The contacted Set Up Pins A-43
will be raised until the Lower Sensing Pin Box A-34 reaches its up limit. The sel-
ected Set Up Pins A-43 will now be retained by removal of the retraction on the Lock
Slides A-4+. The Retract Cam A-49 operates the Retract Mechanism A-50 so that the
Retract Bail A-U48 is positioned to enable the Lock Slides A-Ll+ to move into a locking
position. The tension of the Comb Spring A-51 moves the Lock Slide A-l4 so the Latch
will be positioned under the extrusion of the selected Set Up Pins A—43. The ex-
tfﬁﬁéon on the unselected Set Up Pins A-43 will be below the Latch on the Lock Slides
A. L]

Plate OB shows the selected Set Up Pins A-4+3 contacting and operating pins in the
Sensing Switch Box A-86. A selected Set Up Pin A-43 contacts the Intermediate Sens-
ing Pin A-87. The motion of the Intermediate Sensing Pin A-87 is transferred through
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the Compression Spring A-88 and Pin Cap A-89 to raise the Contact Pin A-90. The
raised Contact Pin A-90 compresses the Contact Pin Spring A-91 and operates the Con-
tact A-92. Contact A-92 is moved to touch Contact A-93. Any additional motion is
absorbed by the Compression Spring A-88. The selection in the Sensing Switch Box
A-86 is entirely controlled by the Upper Sensing Pin Box A-42. The contacts A-92
and A-93 connect to a Removable Connector A-94, to complete the electrical circuits
used in reading the sensed values in a card. The uses of the electrical circuit are
explained in Section C.

The Lower Sensing Pin Box A-34 descends to its low limit with the information from
the card retained in the Upper Sensing Pin Box A-42. The card is released from the
Sensing Card Chamber when the Sensing Chamber Card Stop A-19 opens.



CARD PUNCHING MECHANISM

Plates 9B, 10B, 11B

The Card Punching Mechanism consists of the Tower, Set Bar Section, Punching Card
Chamber and Card Stop and Die Section.

Plate 9B shows the Punching Mechanism at the position when information to be punched
is impulsed to the Actuators A-53.

There is an Actuator A-53 for each hole position of the card. Only those Actuators
A-53 which represent hole positions to be punched will be impulsed. An impulsed
Actuator A-53 operates the Actuator Armature A-54. The movement of the Actuator Arm-
ature A-54 releases the Interposer Assembly A-55. The Spring tension on the Inter-—
poser Assembly A-55 causes the Assembly to limit against Screw A-56. The released
Interposer Assembly A-55 is now positioned in the path of the Rocker Arm A-57.

The Set Bar Section A-59 and the Tower Rod Assembly A-60 are jointly raised as shown
on plate 10B. Each Tower Rod A-58 contacts a Rocker Arm A-57. The upward movement
of the Tower Rod A-58 causes the Rocker Arm A-57 to pivot. The extent of motion

of each Rocker Arm A-57 is governed by the position of an associated Interposer
Assembly A-55. All released Interposer Assemblies A-55 will limit the motion of

the Rocker Arm A-57. The Rocker Arms A-57 which have restricted motion due to a
released Interposer Assembly A-55 will cause depression of its respective Tower Rod
A-58 as the Set Bar Section A-59 and Tower Rod Assembly A-60 are raised.

As the Set Bar Section A-59 is raised the Retract Cam A-61 raises the Cam Follower
Arm A-62 and through Links A-63 and A-64 causes the Retract Shaft A-65 to rock. The
motion of the Retract Shaft A-65 forces the Retract Bail A-67 against the Lock Slides
A-68. The Lock Slides A-68 are moved so that the extrusions on the Set Bar Pins
A-69 are in the open portion of the window in the Lock Slide A-68. Any Set Bar Pins
A-69 which had been in a latched position will be released. A Tower Rod A-58 whose
upward movement was restricted will contact a Set Bar Pin A-69 causing the Set Bar
Pin A-69 to be depressed. The Set Bar Section A-59 reaches its up limit and all
contacted Set Bar Pins A-69 will be depressed so their extrusion is below the Latch
on the Lock Slides A-68.

The Retract Cam A-61 lowers the Cam Follower Arm A-62 and through Links A-63 and A-64
causes the Retract Shaft A-65 to normalize. The Retract Shaft A-65 normalizing allows
the Lock Slides A-68 to be returned by the tension of the Comb Spring A-70. The
extrusions on the depressed Set Bar Pins A-69 will now be under the Latch on the Lock
Slides A-68. The Set Bar Section A-59 and Tower Rod Assembly A-60 are now lowered to
perform the Punching Operation as shown on plate 11B. As the Set Bar Section A-59

is lowered, the depressed Set Bar Pins A-69 contact their corresponding Punches A-75.
The card to be punched is located below the Punches A-75 in the Punching Card Chamber.
The Card is being held against the Card Stop A-24 by the skidding action of the Inter-
mediate Feed Rolls A-22 on the Lower surface of the card. The descending Set Bar
Section A-59 forces the contacted Punches A-75 through the card into the dies A-78.
The Set Bar Section A-59 reaches its lower limit at which time all contacted Punches
A-75 have penetrated the card.

Retraction of the Interposer Assemblies A-55 occurs while the punching of the card
occurs. The Tower Retract Cam A-71 operates the Retract Mechanism A-72. The Retract
Mechanism A-72 rocks the Retract Bail A-73. The movement of the Retract Bail A-73
causes the Interposer Assembly Restore Links A-74 to be raised. The studs on the
Interposer Assembly Restore Links A-74 return the released Interposer Assemblies A-55



to a latched position on the Interposer Armature A-54.
The Set Bar Section A-59 rises and the Stripper Plate A-77 also rises to strip the

Punches A-75 from the card. The Card Stop A—2470pens to release the card from the
Punching Card Chamber. ‘ ' ' o R

RESET SOLENOID FUNCTION

Plate 11B

An additional feature of the Punch Unit is the Reproduce Operation. Reproduce is em-
ployed to transfer information from one Card Field to another in the same card or to
duplicate the information from the first card into the following card or cards. Where
information is to be duplicated into following cards, a mechanism is used to prevent
resetting the Interposer Assemblies in the columns being punched by Reproduce. This
mechanism is the Non-Restore Actuator A-79. The Non-Restore Actuator A-79 is impulsed
from the card containing the information to be reproduced. The released Interposer
Assembly A-55 of the Non-Restore Actuator A-79 prevents the Interposer Assembly Restore
Link A—74 retract operation. The upward movement of the Interposer Assembly Restore
Link A-74 is limited by the Interposer Assembly A-55 of the Non-Restore Actuator A-79.
The Yield Spring A-81 absorbs the motion from the Retract Bail A-73. There is a Non-
Restore Actuator A-79 for each of the 80 columns.

The Reproduce information is cleared by the Reset Solenoid A-80 operation. Whenever
the Reset Solenoid A-80 is energized the Reset Bail A-82 is rocked. The motion of
the Reset Bail A-82 restores the Interposer Assembly A-55 of the Non-Restore Actuator
A-79 to a latched position on the Non-Restore Actuator Armature A-54. The Interposer
Assembly Restore Link A-74 will now reset all Interposer Assemblies A-55.

NON-RESET SOLENOID FUNCTION

Plate 11B

The resetting of all Interposer Assemblies A-55 is defeated by operation of the Non-
Reset Solenoid A-83. The circuit to energize the Non-Reset Solenoid A-83 is energized
when the Tower Retract Mechanism A-72 is on the low part of the Tower Retract Cam A-71.
The plunger movement of the energized Non-Reset Solenoid A-83 disengages the Tower
Retract Latch A~84 from the Tower Retract Mechanism A-72. The movement of the Tower
Retract Mechanism A-72 caused by the Tower Retract Cam A-71 is not projected to the
Tower Retract Bail A-73. The Interposer Assembly Restore Links A-74 will not be
raised so any Interposer Assemblies A-55 which were released will remain in this
position. The de-energizing of the Non-Reset Solenoid A-83 will enable the Tower
Retract Latch A-84 to again engage the Tower Retract Mechanism A-72 for normal Tower
retraction on the next machine cycle.

SKIP
Plate 10B

Card punching is defeated by operation of the Skip Solenoid A-111. The circuit to en-
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ergize the Skip Solenoid A-111 is shown in Plate 55C. The Skip Solenoid A-111 is
energized when the Cam Follower Arm A-62 is on the high part of the Set Bar Retract
Cam A-61. The plunger movement of the Skip Solenoid A-111 pulls the Link A-112 and
Skip Interposer A-113 under the Stud A-114. At this time, the Set Bar Retract Shaft
A-65 is rocked holding the Lock Slides A-68 in a retracted position. The Cam Fol-
lower Arm A-62 cannot follow the perifery of the Set Bar Retract Cam A-61 since

Link A-63 and Link A-64 are being retained in a retract condition by action of the
Skip Interposer A-113 on the Stud A-114. The Set Bar Section A-59 is held retracted
during the punching operation so no set up is maintained in the Set Bar Pins A-69.
The Skip Interposer A-113 is held under the Stud A-114 until the Cam Follower Arm
A-62 again is on the high part of the Set Bar Retract Cam A-61. At this time, the
action of Spring A-115 restores the Skip Solenoid Plunger Link A-112 and the Skip
Interposer A-113 to its normal position.
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PARTS NOMENCLATURE
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BASIC CIRCUIT DESIGNATIONS

AND

BLOCK SCHEMATIC DIAGRAMS

1. Cage type designationt

A) Letters represent a general cage type and the number represents a variation

of the general cage type.

B) Letter definitions:

LETTER STAGE

A Pulse Amplifier

o] A.C. Cathode follower
D . D.C. Amplifier

F Flip-Flop

G Gate

K D.C. Cathode follower
L Limiter

M Multi-Vibrator

C-1

NOTES

Grid return to =15 Volts unless
otherwise specified.

Divider return to -150 Volts
unless otherwise specified.

- Divider return to -150 Volts
unless otherwise specified.

Divider return to =150 Volts
unless otherwise specified.



RC

T

(=)

Regulator Type

MISC. - Any cage not defined by other cage
types.

Schmitt Trigger

Trigger
Designates tube with no associated
cage.

A (=) Designates unused cage section.

Combination of letter denotes combination of various cage types.

1« GG - Double Gate

2, DA - D.C. and A.C. Amplifier
3. L (~) - Single Limiter

L. (-) A - Single A.C. Amplifier

5. 8 - Schmitt Trigger

Left letter designates section of cage used with left tube section.
Right letter designates section of cage used with right tube section.
Single letter with (-) designates cage design to be used with half section of tube.

Single letter designates both section of cage and tube are used for a single func-
tion' : .

Left and right sections of tubes are defined as follows:

TUBE LEFT SECTION RIGHT SECTION
TYPE G K P H G K P H
596+ 6 7 ik 57 23
6ALS - 524 - 173

Grid Resistor Designations

680 N jZZK 47KE330K(GIVEN)

No Symbol indicates a 680 Q Grid Resistor.

A Triangle Symbol indicates a 22K Grid Resistor
A Square Symbol indicates a WJK Grid Resistor

A Dot Symbol is always accompanied by the given Grid Resistor Value.

c-2
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FIGURE Gl

DIRECT COUPLED AMPLIFIER

The D. C. Amplifier utilizes one half of a dual triode tube and is connected as shown
on Figure 1. Since the input to the grid is a resistive input, a pulse or short
duration voltage change will have no effect upon the grid. Any change at the grid
will be maintained for a definite length of time.

Assuming the input to the grid is low, the level of the grid is below cutoff, which
will prevent any conduction between the cathode and plate. In this state, the plate
potential will be +150 volts, since there is no current flow in the plate circuit and
subsequent voltage drop. By raising the level of the grid to a point above cutoff,
conduction will occur. With a current flow in the plate circuit and resulting volt-
age drop across the plate load resistor, the potential of the plate will drop to about
+40 volts. Now, by lowering the grid below cutoff, the plate will rise again to +150
volts. See Figure 1 for plate levels.

The D. C. Amplifier has two stable states:

1. Conduction and current flow
Grid high - Plate low

2. No conduction -~ no current flow
Grid low - Plate high
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FIGURE G2
POSITIVE PULSE AMPLIFIER

A Positive Pulse Amplifier consists of a triode tube and other components as drawn in
Figure 2

First, to analyze its normal or non-conducting state, note that its cathode is tied to
ground (0 voltage). The grid is tied to -15 volts through a 150K resistor. In this
state, the grid voltage is of low enough potential to suppress or repel any electron
emission from the cathode.

The plate is tied to a +150 volts through a 22K resistor and, in turn, to an external
circuit which it is to control. Since the grid was of sufficient potential to sup-
press any electron flow from the cathode to the plate, there is no electron flow in
the plate circuit. At this state, the plate circuit has no current flow and the po-
tential (voltage) is present, but inactive. A +150 volt source is located at Point A.
In the Computer, the function this amplifier is to accomplish will operate only on a
change of potential; therefore, the condition of the tube previously explained will
be of no value to us at this time.

It is necessary to change the voltage level of the plate to make use of the tube, let

us see how this is done. At Point B, a rising potential, step wave or pulse, is applied.
In a condenser, an equal and opposite charge will develop when a potential is applied.
This positive potential is reflected on the grid, causing its level to be positive

with respects to the cathode and thereby, allow conduction to occur. The electrons

now flow through the 150K resistor to the opposite side of the condenser to equalize

its plates.

The plate of the capacitor on the grid side now wants to return to its original value
of ~15 volts; but, because of the 150K resistor in the circuit, this recovery is
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delayed. This delay allows the grid to pass electrons from the cathode to the plate
for a longer pericd of time than if the 150K resistor were not in the circuit. The
electrons flowing from the cathode to the plate cause current to flow in the plate
circuit. The plate is tied to +150 volts through a 22K resistor. The current flow-
ing in this plate circuit causes a voltage drop through the 22K resistor which, in
Computer tubes, drops the value at Point MA™ from +150 volts to about +40 volts.

The above condition was only momentary while the condenser was attempting to equalize
its plates. Eventually (time being in micro seconds) the condenser will equalize

and there will be no electron flow through the 150K resistor in the grid circuit.
Without this electron flow, there will be no loss of potential through the resistor
and, therefore, Point E will return to its original value (-15). The grid is now
lowered to a negative value sufficient to stop the flow of electrons from the cathode
to the plate. Since there will be no electron flow through the 22K resistor to the
+150 volt source at the plate, there will not be any loss of potential through it and
consequently, Point A will rise to +150 volts.

A negative pulse or step wave at Point B will only succeed in driving the grid more
negative than normal. The tube was normally cutoff so the more negative value on
the grid causes no reflection at the plate. This negative pulse is said to be
rejected.
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FIGURE C3
NEGATIVE PULSE AMPLIFIER

A Negative Pulse Amplifier is basically the same as the Positive Pulse type, except
that its "bias point™ is connected to a positive voltage source as shown in Figure 3.
By connecting its grid to a positive source, conduction is maintained continuously.
(The Positive Pulse Amplifier was normally non-conducting). A voltage change or pulse
at Point A to a lower voltage than that normally applied would bring the grid to a
value low enough to stop conduction. This voltage change on the grid occurs due to the
electron flow through the 150K grid resistor while the condenser is attempting to
equalize its plates. The loss of potential through the resistor is reflected on the
grid recovery rate.

It was stated before that the tube was normally conducting, but now the grid was lower-
ed and stopped this conduction. During its conduction range, the current flowed
through the plate load resistor of 22K Ohms and caused a voltage drop.

Point B during this period will maintain a potential of about +40 volts, a drop of
110 volts through this resistor. Now with the grid value low enough to stop con-
duction, there will be no electron flow through the 22K resistor in the plate circuit.
With no electron flow here, there will not be any voltage drop and Point B will rise
to a +150 volts.

The condenser will eventually equalize its plates and there will be no loss of volt-

age through the 150K grid resistor due to no electron flow through it. The grid will
now rise and allow conduction to take place. Again, there will be a loss through the
plate resistor and Point B will drop to about +40 volts.
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FIGURE C4

GATE

A Gate utilizes one half of a dual triode and its internal connections are shown in
Figure 4.

With the cathode connected to ground and the plate to +150 volts, it can be seen

that by controlling the grid potential, conduction of the tube may be controlled. By
connecting the grid to -150 volts, the tube is normally cutoff. In this state, there
will be no current flow and no voltage drop across the plate load resistor which will
maintain a plate level of +150 volts at Point A.

The first controlling factor applied to the grid is the input at the resistive input
point. By raising the potential level at this point, the current flow through-the
bias resistor will cause a voltage drop across it to raise the bias point from -150
volts to about -25 volts. Since the cutoff point of the tube is about -8 volts, the
grid level now is still capable of stopping any current flow from cathode to plate.

It is this resistive point that is the controlling factor of the Gate. By raising the
level at the resistive point of one Gate, we may have a common pulse at the capaci-
tive point hit a series of Gates. Since only one Gate has been conditioned, only that
plate will show a pulse while all the other Gates will not have any changes reflected
at their plate.

When the capacitive input receives a positive potential change at one of its plates,
the opposite plate starts to charge itself. During this charging time the grid
potential is raised above cutoff to about O volts. The combination of a high
resistive input and a positive pulse at the capacitive point allows the grid to permit
conduction to occur.
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The voltage rise caused by the charging of the capacitor will be only momentary and
governed by the (R-C) resistive and capacitive component values. This means that the
grid level will rise to 0 volts only for an instant then drop to -25 volts again.

This momentary change at the grid will allow conduction to take place between the cath-
ode and plate allowing current to flow in the plate circuit. The current flow through
the plate load resistor will cause a voltage drop across it, lowering the potential
level of the plate to about +40 volts. Since the current will flow only for an in-
stant, the drop across the plate load resistor will :ventually decrease and the plate
level will rise to +150 volts again.

1. Resistive point level raised causing grid to rise to -25
volts - no conduction.

2. Pulse at capacitive point - grid level raised to 0 volts. -
Conduction otcurs.

3. Capacitor charging - grid level gradually going more nega-
tive. - Conduction still takes place.

4. Capacitor fully charged - grid level lowers to -25 volts, -
no conduction.

5. Grid level at -25 volts - plate at +150 volts.
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TRIGGER

The Trigger is a double triode tube with added circuit components to control its con-
duction periods as shown in Figure 5. The tube itself is under a common envelope with
component parts connected to it, each independent of the other.

Each triode has its cathodes connected together, then to ground. Its individual
plates are, in turn, connected to a +150 volt source through individual 20K resistors.
As in any circuit, to maintain a current flow there must be a potential difference to
cause the electrons to flow. In this case, there is a difference of ground (0 volts),
the cathode potential, and a +150 volt source at the plate.

By referring to the circuit diagram, there are many resistors and condensers added

to form what is called a Trigger. From each plate a line has been connected to a -90
volt source, through two resistors. Discarding the condenser at this time, the poten-
tial values at Points A and B can be found. A Trigger has two stable states. The
first stable state is with the left triode conducting. This means that the left

grid must have a positive value of about O volts. How is that value maintained?. A
sequence of voltage changes at certain points, due to voltage loss through resistors,
must be followed to find the two grid values. The left plate conducting holds the
right grid below cutoff and the right side is not conducting.

1. When the left side conducts, there is current flow. This current

flow, through the 20K resistor, results in a voltage drop, which
will bring the plate potential to a plus 40 volt value.
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2. Between the +40 volt plate point and the -90 volt bias point, 130
volts must be lost. If this is so, an equal amount must be lost in
each resistor since their values are the same, 150K. This maintains
Point.B at about -25 volts.

3. The right grid is below cutoff, therefore, the right plate must be
high, since there is no voltage drop across the plate load resistor.
Two 150K resistors are in series between +150 volts and -90 volts,
therefore, voltage lost will be such that Point C will maintain
a level of about +30 volts. This in turn, connected to the left
grid maintaining its level so that conduction will take place.

The Trigger is now in one of its stable states and will remain this way unless'pulsed
from some external source.

With the Trigger in this stable state, its left plate is at +40 volts and its right
plate at +150 volts. These voltage levels are used to control the input point of a
gate or will enable a neon to fire, showing the Trigger®s position.

Assume a negative pulse is received at the input point. This pulse will create a
potential difference across the condenser, which will charge it. During the charging
period of both condensers, current will flow. The subsequent current flow, during the
charging pericd of the condenser, will result in Points B and C dropping. These points
will drop to a point where both grids will be cutoff. As shown in Figure 5, the more
negative potential will rise sooner than that negative potential which was controlling
the left grid. At point 1 on the graph, the condensers are fully charged and Points

B and C will begin to recover. Point B or the right grid, had a more negative charge
than Pcint C, or the left grid. The operation of the circuit is such that the more
negatively charged condenser has a faster recovery rate.

Point B reaching cutoff causes the right plate to start conduction which causes a drop
in voltage on the right divider at Point C. Therefore, before Point C could recover
to the cutoff level its voltage is lowered because of conduction in the right plate
circuit. The right grid, allowing conduction to take place, causes Point D to drop

to +40 volts due to the current flow through the 20K plate load resistor resulting in
a 110 volt drop across it. The voltage drop between Point D (+40 volts) and the bias
point (-90 volts) must equal the 130 volt difference. Since both resistors are equal,
the drops will be equal. The left grid is now cutoff.

A summary of the past operation will show that a pulse at the input point lowered both
grid levels below cutoff. Since the most negative value had a more rapid rise than
the other, the right grid allowed conduction to occur. This in turn, created a drop
across the 20K plate load resistor, lowers Point D to +40 volts, which in turn, lower-
ed Point C to about -25 volts. The left grid being tied to Point C is now cutoff,
allowing conduction to be maintained on the right side. This is the other stable state
which the Trigger will maintain.

If the input point were pulsed again, Points B and C would have the opposite values
impressed upon them and result in Point C rising more rapidly. This would allow the
left grid to rise and conduction would occur. The subsequent drop across the plate
load resistor for the left plate would result in Point B maintaining a -25 volts.
The Trigger would now be conducting on the left side and be in its original stable
state.
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‘The condensers which are connected between Points D and C and Points A and B are to
create a faster reflection of any voltage changes to Points B and C. This condenser

action is necessary due to the time required for a voltage to drop across the 150K
resistor.

NOTE: It is also possible to trigger this circuit by a negative pulse in-
put on the non-conducting side of the Trigger at either plate.

Only a negative pulse, or‘negative step wave at a capacitive point,

or a negative pulse at a plate or divider point will trigger this
circuit.
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FIGURE C6
FLIP FLOP

A.Flip—Flop is a double triode tube with connected components to maintain the two tri-
odes in different states as shown in Figure 6.

The basic principle is to cause one side (one triode) to conduct for a predetermined
time while the other side (one triode) is not conducting, then the two triodes will
revert back to their original condition. The time that the opposite side conducts
varies with the application it is to be used for.

In the normal state of a Flip-Flop, the left plate is conducting and is of a +40 volt
value due to the current flow through the 20K resistor and subsequent voltage drop
across it. Due to the current flow through the 150K resistor, the potential is fur-
ther decreased low enough to maintain the right grid below cutoff, the right plate is
not conducting and is at a +150 volt potential. In its normal state, the right plate
(right triode) is maintained at +150 volts. At the same time condenser C's plates are
equalized, the +150 volts is impressed at resistor "R"™. Due to the small current flow
from the left grid to the +150 volt supply there will be a voltage drop across "R",
This drop will keep the left grid just above cutoff, maintaining the left side (left
triode) conducting.

Under the above conditions the Flip-Flop is said to be in a normally stationary state,
i.e. conduction between the left cathode and plate with the right side not conducting.

A negative pulse (a drop of potential to a lower value than it originally was) at the
47 uufd. condenser, will cause the plates of this condenser to become unequal. Since
the opposite plate must have an equal and opposite charge, electrons must travel in
an attempt to adjust the other plate. The electron flow now created will cause a
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voltage drop across resistor ME" which will cause the potential applied to the left
grid to drop below cutoff.

The left side is now not conducting. With the current flow through the 20K plate load
resistor and 150K bias resistor extremely small, the +150 volts will raise the divider
point, which in turn will raise the right grid.

The value of the right grid is now high enough to allow conduction. The electron flow
between the cathode and plate now causes electron flow through the 20K plate load
resistor which will cause a voltage drop across it. This will bring the right plate
down to about +40 volts.

NOTE: The Flip-Flop has been "Kicked"

Since the condenser "C" plates now have become unequalized electrons must flow through
resistor "R" in an attempt to adjust its plates. The electron flow through "RY

causes the +150 volts to drop to a lower value which will in turn be impressed at

the left grid bringing it below cutoff. The electron flow through YR" and the sub-
sequent voltage drop will last only as long as it takes condenser "C" to discharge

and equalize its plates.

The current flow through "R" returns the condenser to its original state and raises
the left grid above cutoff. The time necessary for condenser "C" to regain its
original static condition depends upon the size of MR™ and “C™,

Assuming condenser "C" has become discharged, there will be less voltage drop across
"R" (excluding the normal grid to plate current flow) and the left grid will rise
above cutoff allowing conduction to occur at the left plate. Current flow through the
left plate's 20K resistor and the 150K resistor will now bring the right grid below
cutoff cutting off conduction. The right platels potential now rises to +150 volts
due to no current flow. A change of +40 volts to +150 volts is now impressed at one
plate of condenser "C¥,

Since the plates of the condenser are attempting to rise to +150 volts, the voltage
drop across "BE™ will not be sufficient to lower the grid left grid below cutoff.

NOTE: The Flip-Flop has now "Returned"
By following the above circuit operation, the following results were obtained.
1. A potential drop (negative pulse) was received at the right condenser.

2. The left plate which was at +40 volts, stopped conducting and rose to
+150 volts.,

3. The right plate which was at +150 volts, started conducting and dropped
to +40 wvolts.

4. After a predetermined time (Condenser "C" discharging rate) the above
conditions reversed themselves.

NOTE: It is also possible to trigger this circuit by a negative pulse input on
the right plate or right divider point.

Only a negative pulse or negative step wave at the right capacitive point,

or a negative pulse at the right plate or divider point will trigger this
circult.
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MULTIVIBRATOR

A Multi-Vibrator is designed to generate voltage variations (Square Wave Forms) at
specific intervals. These square waves are the result of a plate conducting or not
conducting, since a plate conducting will cause it to drop to +40 volts and a non-
conducting plate will maintain a +150 volts potential.

The pulses generated are referred to as the "frequency output." This is shown by the
figure below which denotes the change of voltage per second, and is governed by the
R. C. (Resistive-Capacitive) components in a Multi-Vibrator.

The inoperative state of this circuit will be explained to show the various potential
values at the controlling points.

With a low input, the Multi-Vibrator is considered inoperative. At the left input
point a +40 volts is applied. This will hold Point B at a -30 volts, the right grid
being below cutoff allows the right plate to maintain a +150 volts. Assuming the
input to have been constant with Cl in a discharged state, Point C will maintain a

+39 volts through the 160K shunt resistor. This will in turn hold the left grid above
cutoff and allow conduction at the left plate. This current flow through the plate
load resistor drops Point A to a +40 volts. Since this condition has existed for a
time interval, condenser C2 is in a charged state and will have no effect upon Point B.

These are the conditions which exist when a low input is applied. The Multi-Vibrator
is actually shut off.
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By applying a high potential at the input point, the Multi-Vibrator will generate

pulses at its designed frequency. With the input at a high potential, Point B will
be raised to +30 volts which will in turn, raise the right grid above cutoff. This
will create a current flow in the right plate circuit dropping Point D to +40 volts.

This change of potential on the right plate will charge condenser Cl1. The condenser
C1 will charge to the potential now applied, and while charging, will cause a fur-
ther drop across the 160K shunt resistor. Due to increased current flow and sub-
sequent drop, Point C will lower the left grid below cutoff. Point C will maintain
the left grid below cutoff as long as C1 is charging. The left plate has been cut-
off and Point A rises to a +150 volts. The potential now impressed at Point A will
tend to maintain Point B at a positive value through condenser C2.

Condenser C1 eventually becomes charged and the added current flow through the shunt
resistor ceases, raising Point C back to a +39 volts. Since the left grid is con-
nected to this point it will be raised above cutoff allowing conduction to occur.
Current flow in the left plate circuit will cause Point A to drop to a +40 volts.
This drop at Point A will be reflected upon the lower plate of condenser C2 as a

110 volt decrease. (This is the equal and opposite value which was changed on the
upper plate). The value impressed upon the lower plate will create a current flow
in its attempt to equalize itself. This current will maintain Point B at a poten-
tial sufficient to cutoff the right grid. Point B will hold the right grid below
cutoff as long as condenser C2 is charging.

When the condenser C2 becomes charged Point B will rise to +30 volts and the Multi-
Vibrator will revert to conducting on the right side as previously explained. The
conditions described will continually change providing a high input is maintained.
This will result in the changing of the right and left plates values to form a square
wave output at Points A and D.
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SCHMITT TRIGGER

The Schmitt Trigger differs from the regular type Trigger in that its input point is
resistive rather than capacitive as shown in Figure 8. Its input must also be main-
tained at one level and since it has a resistive input, a pulse will not effect it.

This type Trigger is designed to change a slowly rising input to a sharply rising out-

o =

The first stable condition to be considered is with a high input resulting in a high
left plate and a low right plate. A low input will result in a low left plate and
a high right plate.

After studying this Trigger circuit, the first stable condition will be reviewed.
Assuming the input to be high, Point B will maintain a +30 volt potential. This
- +30 volts which controls the right grid will, in turn, allow conduction to occur at
the right plate. The current flow at the right plate through the 20K plate load
resistor to +150 volts, will drop Point D to about +40 volts. This drop to +40 will
create a subsequent loss lowering Point C to a -28 volts. This in turn, is connected
to the left grid which will cutoff the left side allowing the left plate to maintain
a +150 volts.

Under the abdve conditions, the results below occurred.
1. Input high (+150 volts)
2. Right grid high (+30 volts)
3. Right plate low (+40 volts)
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4, Left grid low (-28 volts)
5. Left plate high (+150 volts)

The second stable state of this Trigger will occur when the input point drops to
about +40 volts. This change will drop Point B to a -28 volts which will in turn

cutoff the right side.

The lowering of the right grid results in the right plate rising to a +150 volts since
there is no current flow in the plate circuit and no drop across the plate load resis-
tor. The right plate has risen from +40 to +150 volts-which will charge Point C to
+33 volts. The 47 mmfd condenser is inserted to reflect this change more rapidly
than through the resistor. Point C rising rapidly to +33 volts will bring the left
grid high enough to allow conduction at the left plate. The subsequent drop across
the 20K plate load resistor will drop Point A to a +40 volts. The 22 mmfd condenser

is inserted to create a sharper rise at Point B.

Under the above conditions, the results below occurred.

1. Input low (+40 volts)

2. Right grid low (-28 volts)

3. Right plate high (+150 volts)
4, Left grid high (+33 volts)

5. Left plate low (+40 volts)

NOTE: It is possible to trigger a Schmitt Trigger by controlling the voltage
level on the right plate. Assume a voltage level of +40 volts is im-
pressed on the right plate when the left resistive input is also +40
volts. The +40 volt level on the right plate will pull down the right
voltage divider and cause the left grid to drop below cutoff resulting
in a high level, +150 volts, on the left plate. This condition is similar
to that which occurs when the left resistive input is high, +150 volts.
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AC.CATHODE FOLLOWER

The A. C. Cathode Follower generally employs both sides of a duo-triode as shown in
Figure 9.

In this circuit the input is capacitive and reflected on the grids. The output is
reflected at the cathode instead of at the plate. The load resistor for the tube is
in the cathode circuit. The tube has slightly less than unity amplification factor
when used as shown. It has a low impedance output and is usually used where the out-
put signal is to be used in many stages.

The A. C. Cathode Follower, in its stable state, has a grid control which is usually
sufficient to maintain the tube cutoff. This means that Point K will maintain approx-
imately the cathode return level.

A positive pulse or step wave applied at the capacitive point will raise the grids
of the tube causing conduction to occur. The length of time the tube conducts, is
controlled by the capacitive resistive components of the circuit.

When the grid is raised electron flow can occur from -90, through the 12K resistor,
through the tube to the +150 supply. The current flow through the 12K resistor causes
a voltage drop so that point K will rise, releasing a positive pulse at the output
approximately equal in magnitude to the input voltage magnitude.
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D.C. CATHODE FOLLOWER

The D. C. Cathode Follower generally employs both sides of a duo-triode as shown in
Figure 10.

In this circuit, the input is resistive and reflected on the grids. The output is re-
flected at the cathode instead of at the plate. The load resistor for the tube is in
the cathode circuit. The tube has slightly less than unity amplification factor when
used as shown. This circuit is generally employed to control the cathode level of
other stages. The input and output waveform is a step wave.

This Cathode Follower is controlled, at all times, by the level of the resistive
input. The cathode or output is said to follow the grid level. If the grid is
high the output is high and vice versa.

In the circuit of Figure 10, the IN52 germanium diode is used as a limiter. The out-
put point cannot go below zero potential because of action of IN52. If the grid

is lowered below ground, the tube stops conducting and the cathode remains at ground.
When the grid is raised above ground, the tube conducts, IN52 stops

conducting, and the cathode follows the grid level.
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FIGURE G I
BLOCK SCHEMATIC EXAMPLES

Standard Notations on Block Schematics

1. A small (D) in upper left corner designates a Diode Tube is used.
2. A small (T) in upper left corner designates a Thyratron is used.
3. A small (N) in upper left corner designates no tube is used.

4. All numbers on Block Schematics refer to cage pin connections.

5. Tube pin_numbers are not shown on Block Schematics.

6. A number in the RP, LP or K location generallz indicates a cage
connection which also connects to the corresponding tube points.

7. Lack of a number in any location indicates the connection to the tube
only.

8. If two leads connect to the same location, the numbered lead is the cage
pin connection and the unnumbered lead is the tube pin connection.

9. Any bias return to other than standard voltage is specified at the bias
position.
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ELECTRONIC ACCUMULATOR

Plate 1C

The purpose of an Accumulator is to add one digit to another or subtract one digit
from another. There are 22 such Accumulators in the Computer connected so as to

form a ring. In other words, Accumulator 1A is connected to 2A, 2A to 3A, 11A to
IM--11M to 1A. This connection is necessary to handle the carry operation, 5 plus
7, and enable the Computer to shift the digits to different Accumulator positions.

The Accumulator does not use the 90 column code, instead a combination of 4, 1, 2,
4, 6, and 8 is used. Fach number is represented by a Trigger Circuit. A Trigger
conducting on the right side will represent a value but when the Trigger is con-
ducting on the left side it has no value. When the Accumulator has no value the
T0 Trigger is right to so indicate.

The same Accumulator Triggers are used whether the Computer adds or subtracts. The
add or subtract control within the Accumulator is the bias level of the Trigger
Amplifiers. Each Trigger has its associated Amplifier, with its bias so controlled
that a Trigger pulsing the Amplifier will increase the value in Addition or decrease
the value in Subtraction. The Amplifier biases have a high or -15 volt level when
effective and a low or -90 volt level when normal or ineffective.

The general operation of the Accumulator is to progress from Trigger to Amplifier to
Trigger. In Addition, when a Trigger is pulsed left, its signal is fed through an
Amplifier, add side, then to the next higher Trigger value to pull it right. In
Subtraction, when the Trigger is pulsed left, its signal is fed through an Amplifier,
subtract side, then to the next lower Trigger value to pull it right.

There are two ways in which a counter of the Accumulator may add or subtract. A
negative pulse can be incoming on the Odd or Carry Line which denotes a value of one
for each pulse. The maximum pulses incoming on this line is limited to two during
one registration. The second method is by an incoming pulse on the Even Line which
denctes a value of two for each pulse. The maximum incoming pulses on this line are
limited to four during one registration.

The Accumulator has a value of zero when all Numerical Triggers are conducting left
and the TO Trigger is conducting right. These Triggers are conditioned by a Zeroize
Pulse or Operation. In a Zeroize Operation either the right or left bias of the
Trigger is raised to approximately ground while the other bias is retained at -90
volts. This will cause the Trigger to conduct on one side or the other depending
upon which bias was raised. To Zeroize a Trigger on the left, the right blas of the
Irigger is raised which results in raising the left grid so that the circuit conducts
on the left. When the bias is returned to normal the Trigger Circuit is retained in
this condition. To Zercize a Trigger on the right, the left blas is raised which
results in ralsing the right grid so that the circuit conducts on the right. Plate
shows the Zeroize Line connected to the right bias of all Triggers except T0 which has
its left bias connected. This means that all Triggers except T are Zeroized on the
left.

Addition Operation

The right bias of the Amplifier stages will be raised to -15 volts by the operation
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of the Sign Bias circuit, and the left bias will be retained at -90 volts. The Sign
Bias circuit controls all 22 Accumulators with respect to raising the Add or Subtract

Bias. This raised right bias will allow any positive pulse or step wave to pass through
the right side of the Amplifiers but the left side of the Amplifiers will reject any

and all pulses. The Accumulator has been Zeroized and a value of six is to be registered.
A six is composed of a pulse on the Odd Line, two pulses on the Even Line, and then an-
other pulse on the Odd Line.

The first pulse is a negative pulse on the 0dd Line which hits the AT1 Trigger at
both the RC and LC points. This will trigger ATl to the right. The RP of ng goes
low to the RC of Rl where it is rejected. The LP of Tl goes high to the LC of Rl
where it is rejected because of a low bias.

The second pulse is a negative pulse on the Even Line which hits the LC points of the
™0, T8, T6, T4 and T2 Triggers. A Trigger which is non-conducting on the left is the
only one which can be triggered. The T0 is triggered left by this negative pulse.
The RP of TO goes high to the RC of R2 which releases a negative pulse at its RP
which, in turn, hitting the RP of T2, pulls T2 Trigger right. The high from the RP
of T0 to the LC of RC is rejected because of a low bias. The negative step from the
RP of T2 to the RC of R4‘*is rejected. :

The third pulse is another negative pulse on the Even Line which hits the LC points

of T, T8, T6, T4, and T2. This time T2 Trigger is non-conducting on the left so the
Trigger is pulled left. The RP of T2 goes high to the RC of R4 which releases a nega-
tive pulse from its RP to the RP of T4, pulling T4 right. The negative step from the
RP of T4 to the RC of R6 is rejected as is the high from the RP of T2 to the LC of Rf.

The final pulse is another negative pulse on the 0dd Line. Trigger ATl was right when
this pulse occurs, so hitting OT1 at the RC and LC points triggers OT1 left. The LP of
OT1 goes low to the LC of Rl and is rejected. The RP of AT1 goes high to the RC of Rl
releasing a negative pulse at the RP of Rl. This negative pulse from the RP of Rl is
released on the Even Line and, as before, hits the LC of all Triggers. Trigger T4 is
on the right so the negative pulse to its LC point returns T4 left. The RP of T4 goes
high to the RC of R6 releasing a negative pulse from the RP of R6 to the RP of T6,
triggering T6 right. The high from the RP of T4 to the LC of R2 is rejected because of
low bias, "

At the completion of the 4 pulses all Triggers are left except T6 which is right to
indicate a value of 6.

Subtraction Operation

The left bias of the Amplifiers will be raised to -15 volts and the right bias will
remain at -90 volts by the operation of the Sign Bias circuit. This raised left bias
will allow any positive pulse or step wave to pass through the left side of the Ampli-
fier but the right side of the Amplifier will reject any and all pulses. The
Accumulator, for example, has a value of six, T6 right, and the Computer is going to
subtract 3. A 3 is composed of a pulse on the Even Line then a pulse on the 0dd Line.

The first negative pulse is released on the Even Line to the LC point of T@, T2, T4, T6
and T8. The only Trigger non-conducting on the left is T6 so this negative pulse at
its LC point will pull T6 left. The RP of T6 goes high to the LC of R4 which releases
a negative pulse at the LP of R4 to the RP of T4, pulling T4 right. The high from the
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RP of T6 to the RC of R8 is rejected because of a low bias.

The next and last pulse is a negative pulse on the Odd Line. This pulse is applied
to the RC and LC point of BT1 to pull it right. The RP of ATl going low to the RC
of Rl is rejected. The LP of ATl goes high to the LC of Rl releasing a negative
pulse from the LP of Rl onto the Even Line. This negative pulse on the Even Line
hits the LC point of T, T8, T6, T4 and T2. Trigger T4 is right so the negative
pulse at its LC point will pull T4 left. The RP of T4 goes high to the LC of R2
releasing a negative pulse from the LP of R2 to the RP of T2, pulling Trigger T2
right. The high from the RP of T4 to the RC of R6 is rejected because of a low bias.

The Computer has now subtracted a value of 3 from a value of 6. The Accumulator has
Trigger T2 and Trigger OT1 on the right for a total of 3.

Accumulator Overcarry Operation

An overcarry occurs when:
1. Accumulator exceeds 9 in Addition.
2. A number is subtracted from zero.
3. A number is subtracted from a smaller number.

An overcarry in an Accumulator is present when the TC Trigger is right. This TC
Trigger is pulled right when T8 returns left in Addition or T returns left in
Subtraction. In either case the pulse from the plate of RC will kick Trigger TC
right. The Overcarry Condition is not corrected at the instant it occurs, but
rather, after all pulses required to register a number from zero to nine have been
generated.

The LP of TC goes high to the RI of AC, DC Amplifier, causing its RP to go low to
the LI of CB. The RP of CB goes high opening the right side of Gate CX to condition
for carries. All the AC stages, except 11A and 11M, have their right plates
connected to the LI of CB so that the Computer cannot tell where the carry is needed.
As shown on plate 3, the carries are released to all 22 TC triggers LC point.
Whichever TC Trigger or Triggers are right will be returned left by the Carry Pulse
from the plate of CA. The return of the TC Trigger to the left will do two things:

l. LP of TC returns low to the RI of AC to stop the call for
carries from that Accumulator.

2. RP of TC returns high to the LC of AC releasing a negative
pulse from the LP of AC which goes to the 0dd and Carry
Input Line of the next higher order adjacent Accumulator,
1l to?2, 2to3, etc. This negative pulse on the 0dd and
Carry Input Line will either add one or subtract one from
this Accumulator depending upon which Sign Bias is high
at the time.
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ACCUMULATOR SHIFT OPERATION

Plate 2C

The purpose of the Accumulator Shift Operation is to shift a value from one Accumu-
lator to another, shifting from 1A toward 1IM. Shifting is necessary to place
numbers in decimal alignment, place a digit in a specific Accumulator or shift a
number a predetermined number of Accumulator positions.

The Shift Pulses are originated in the Decimal Counter as shown on plate 4.
Each of the 22 Accumulator values shift simultaneously. Each of the 22 Accumulator
operations are identical in theory of operation.

Operation

Each numerical Trigger in an Accumulator controls an associated Shift Gate. Each
plate of the Trigger controls one side of a Double Gate Circuit. This means that
one side of the Double Gate Circuit is always open to accept and pass a Shift Pulse.
For example, assume that #l Accumulator has a value of 4 when a shift occurs.
Trigger T4 is right and all other Triggers including T0 are left. The RP of T4

is low to the LI of S4 (Gate closed). The LP of T4 is high to the RI of S4 (Gate
opened) . When the Shift Pulse hits Gate S4 the RP of S4 releases a negative pulse
to the RP of T4 in #2 Accumulator, pulling T4 Trigger right. At the same time #1
Accumulator is shifting its value into #2 Accumulator, #l1 Accumulator is shifting
its value into #1 Accumulator, etc. in each of the 22 Accumulators. Trigger T2 in
#1 Accumulator is left so the LP of T2 is low to the RI of S2 (Gate closed) and the
RP of T2 is high to the LI of S2 (Gate open). The Shift Pulse to S2 releases a
negative pulse on the LP of S2 to the LP of T2 in #2 Accumulator. If Trigger T2 of
#2 Accumulator is left no change is noted but if T2 had been on the right T2 would
be brought back left.

The Trigger in #1 Accumulator controls a Gate in #2 Accumulator. The resistive
components of the Gate circuit are located in #1 Accumulator but the tube is in #2
Accumulator.
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CARRY INPUT GENERATOR

PLATE 3C

This circuit is employed whenever an Accumulator or Accumulators exceeds its
capacity. Whenever an Accumulator, by Addition or Subtraction, creates a call for
carry, this circuit will create Carry Pulses to enable the Accumulator to carry out
to the next adjacent higher order Accumulator. This circuit can be employed in any
process. Every time a cycle of RIG is required this circuit is checked automati-
cally to see if carries are required before the control circuits can continue. If
carries are required then the control circuits wait until all carries are satisfied.

An Accumulator overcarry condition is not automatically corrected as soon as the
overcarry occurs. After a cycle of RIG is completed, as shown on plate 5, all
Accumulators are automatically checked for overcarries. One overcarry may, upon
being satisfied, create an overcarry in the next Accumulator. If such is the case
the Carry Input Generator continues to run until all overcarries are satisfied.

Operation

Agsume that no Carry Triggers (TC) are right. At the same time that the RIGI pulse
is released on the completion of a cycle of RIG:

Trigger R1 is returned left, causing its LP to go low which will
trigger the Flip-Flop CD to the right for a time delay of 50
microseconds. This delay is necessary to allow the RIG! pulse to
be registered in the Accumulators.

“After 50 microseconds, CD returns left and its LP will release a
negative step wave to the LC point of the Negative Pulse Amplifier
CDA. The LP of CDA releases a positive pulse to the RC and LC points
of Gate CX which at this time is open on the left. The Gate CX
has its inputs controlled by the Schmitt Trigger CB. The input to
CB is controlled by the 22 TC Triggers of the Accumulators through
their respective AC stage.

NOTE: Accumulators 11A and 11M do not have their AC stage connected
directly to the LI of CB. The RP of AC of Accumulator 11A
is connected to the LI of PS11 as shown on plate 20. The RP
of PS11 is connected to the LI of P11C. The LP of P11C is
connected to the LI of CB. The RP of AC of Accumulator 11M
is connected to the LI of C11M as shown on plate 20. The RP
of C11M is connected to the LI of CCM as shown on plate 41.
The LP of CCM is connected to the LI of CB.

The negative pulse released from the LP of CX is called the CX, or
Carries Satisfied, Pulse and indicates the completion of carries.

Assume that one or more of the Carry Triggers (TC) are right whén the RIG1 Pulse
is released indicating completion of RIG:

Trigger R1 is returned left, causing its LP to go low which will
trigger the Flip-Flop CD to the right for a time delay of 50
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microseconds. This delay is necessary to allow the RIG! pulse to be
registered in the Accumulators.

After 50 microseconds, CD returns left, its LP releasing a negative step
wave to the LC point of CDA. The LP of CDA will release a positive pulse

to the RC and LC points of Gates CX. Since there is a call for carries, the
input to Scamitt Trigger CB is low. The LP of CB and LI point of CX are
low. The RP of CB and the RI of CX are high. The positive pulse from CDA
finds Gates CX open on the right, releasing a negative pulse from its RP.

The negative pulse from the RP of CX will pull Trigger CT to the right.

The RP of Trigger CT goes low to the LI point of the DC Amplifier CMA.

Tne LP of CMA will then go high to the LI point of the Multi-Vibrator CM,
causing it to operate. The Multi-Vibrator CM, going right, sends its
LP.high to the LI point of DC Amplifier CA. The plates of CA will releasec
a negative step which is sent to the LC points of all 22 TC Triggers. Any
TC Triggers that are right will be returned left. The Multi-Vibrator then
returns left, causing its RP to go high and read the Gate CS. Gate CS is
controlled by the LP of Schmitt Trigger CB. Gate CS left input will remain
low until all carries are satisfied.

The Multi-Vibrator continues to send out Carry Pulses as long as a TC
Trigger is right. When the last TC Trigger returns left, Gate CS does
not open soon enough to stop the Multi-Vibrator CM until one additional
Carry Pulse has been released.

Multi-Vibrator CM returns left, causing its RP to go high to the LC

point of Gate CS. Gate CS, having a high input at this time, passes the
positive pulse releasing a negative pulse at its LP. This negative pulse
hits Trigger CT and returns it left. The RP of CT goes high to:

The LI point of the DC Amplifier CMA, causing its LP to go
low to the LI point of CM and shut off the Multi-Vibrator CM.

The RC point of Positive Pulse Amplifier CMA resulting in a
negative pulse from its RP which is the CX Pulse indicating
all carries are satisfied.

Stages SCK, SCK1, CS (right side) and CSK are used in the Test Counter operation.
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DECIMAL REGISTRATION AND SHIFT OPERATION
Plate 4C
When the Decimal Locator is plugged, the Input Lines (True and Complement) have been
selected and their numerical value is determined with respect to the Calec. Decimal

Reference Point (6/5).

The Decimal System Code is shown in the following chart.

DECIMAL INPUT CODE BEGIMAL
e OMAL | Tac TRUE COMPLEMENT R ALUES
12 |4 |8 |1e]|2' |4 |8 |16 ] TRUE | COMP.
Vo X | x| X | 16 6
2 X X | X 15 7
% X | X X 14 8
43 X X | X X 13 9
A X | X X 12 10
% X X X I ¥
2 X X X | X 10 12
8- X X X | X 9 13
% X X | X 8 4
1079 X | X | X X | X | X 7 5
Wy ] X | x x| e 6
NOTE :- ] USED FOR TRUE & GCOMPLEMENT

DECIMAL CODING SYSTEM

The K. B. rises and the Input Lines (True and Complement) selected through‘the Decimal
Locator will raise the Input to the True and Complement Gates. To open the True or
Complement Gates, the following requirements must be met to pass a positive pulse:

A. High Input.
B. Low Cathode.

When registering a Decimal Complement, the DBC cathode line will be low. When
registering a True Decimal, the DBT cathode line will be low.

Decimal Registration is called for when DEA Flip-Flop returns left, pulling DP1 right.
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A cycle of Decimal Registration consists of 5 pulses generated by the following Flip-
Flops in the order listed: DP1, DP2, DP4, DP3, DP16.

The Decimal Counter is composed of five Triggers with a numerical value corresponding
to its stage name. Triggers DC2 and DC8 each have a negative value. The value of
the Decimal Counter is obtained by adding or subtracting the value of the Triggers
conducting on the right. '

Decimal Registration is completed when DP16 returns left.

An overcarry occurring during a Decimal Registration will be corrected at the
completion of the Decimal RIG. .DP16 returning left sends its RP high to DIC which,
in turn, will return Trigger DCC left, sending out the Correction Pulse.

The Decimal Counter is also employed in a Shift Operation. Shifting is required to
align one decimal position with another. The Decimal Registration prepares the
Decimal Counter as to the location-of a specific decimal. A count of 22 in the
Decimal Counter indicates decimal alignment. Whenever the control circuit calls for
shifting for decimal alignment a Shift Operation will result, even though the
decimals may be already aligned. Shifting occurs from right to left.

Decimal Registration Operation

The Decimal Registration Circuit is used whenever a Decimal Registration is called for
regardless of whether it is a True or Complement Registration. This circuit is

also used in conjunction with the Constant 17, which is employed in the Multiplica-
tion and Division process.

The Decimal Registration circuit begins when Flip-Flop DEA is pulled right. Flip-
Flop DEA is a 150 us delay. The delay is necessary to allow the Keyboard Bias to
rise prior to the time the circuit begins its operation. When DEA returns left, its
LP goes low to the RC point of Flip-Flop DP1, pulling it right. The LP of DP1 will
go high to the LC and RC points of Gate DI1. After 25 us, DP1 returns left sending
its LP low to the LC point of the Negative Pulse Amplifier DA1-16. The LP of DA1-16
will release a positive pulse to the LC and RC points of DKG.

NOTE: On a Constant 17 Registration, Trigger DK will be right and its
LP will be high to the left side of Gate DKG. The positive pulse
from DA1-16 will then pass through the left side of DKG and pull
Flip-Flop DP16 to the right registering the 16 which thereby completes
~ the registration of 17. -

On a Decimal Registration (True or Complement), Trigger DK will be left; its RP will
go high to the right side of Gate DKG. The positive pulse from DA1-16 will now pass
through the right side of DKG and pull Flip-Flop DP2 right. DP2 going right sends its
LP high to the RC point of D2-U4T and the LC point of D2-4C. After 25 us, DP2 returns
left, sending its LP low to the RC point of Flip-Flop DP4. DP4 going right will send
its LP high to the LC point of D2-4T and the RC of D2-L4C.

After 25 us, DP4 returns left sending its LP low to the RC point of DP8 and kick

DP right. The LP of DP8 will go high to the RC Point of D8-16T and the LC point of
Ds-16C. ) , .

After 25 us, DP3 returns left, sending its LP low to the RC point of Flip-Flop DP16.

DP166going right will send its LP high to the LC point of D8-16T and RC point of
DZ-16C. B ‘ : :
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When DP16 returns left, it indicates the completion of Decimal Registration, (True

or Complement) or Constant 17. The RP of DP16 will go high to the RC of the Positive
Pulse Amplifier DIC. The negative pulse from the RP of DIC goes to the following
places:

(a) The RC point of Negative Pulse Amplifier DA1-16, which will indicate to
the control circuits completion of Decimal Registration.

(b) The LC point of Trigger DCC, to check for overcarry. If an overcarry
is present, DCC right, this will return DCC left and initiate the
correction operation as described under '"Decimal Counter Shift Operation'.

Decimal Counter Shift Operation

Assume that the Decimal Counter has a count of 11 at the time a call for shifts begins.
A call for shifts is caused by either Trigger DRS or DAS going right. The LP of the
Trigger going right will raise the input to the Multi-Vibrator SM.

Because of a buckfeed from the M-V SM, when in operation, it has become necessary to
isolate the plates of the Shift Call Triggers. A call for shifts from either Diode
SI1, SI2 or ENM!1 will cause the cathodes of these diodes to go high. This raises the
left grid of stage SMC Cathode Follower. The cathode of SMC is also raised and since
the right grid of SMC is fixed at ground (¥) potential the RP of SMC stops conducting
and raises the input to the M-V SM, starting it in operation. When the cathodes of
the Diodes SI1, SI2 and [ENM] ‘are again lowered, the left grid of SMC also is lowered.
The cathode of SMC returning low allows the right side of the tube to conduct which
lowers the voltage on the RP and shuts off the M-V SM,

The Decimal Counter, with a count of 11, will have the following Triggers right.
DC1, DC2, DC4, DC8 and DC16.

The high input to the Multi-Vibrator causes it to begin its operation. When it re-
turns left, its RP will send a positive step to the LC point of the Positive Pulse
Amplifier SMG. The negative pulse from the LP of SMG hits the Negative Pulse Amplifier
SMA at its RC point, resulting in a positive pulse from the RA point of SMA to the

LC point of Gates SG and DIC.

NOTE: The Gates SG and DIC are controlled by the Overcarry Trigger
DCC. Trigger DCC is normally left except when the count of
22 is reached or exceeded in the Decimal Counter. With DCC
left at this time, its LP will be low to the LI point of Gate
DIC holding it closed. The RP of DCC will be high to the
LI point of Gate SG, conditioning it open.

Since Gate SG is open, the positive pulse from SMA will pass through SG resulting in
a negative pulse from its LP to the RC point of the Negative Pulse Amplifier SG.

The positive pulse from the RP of SG is passed through the AC Cathode Follower SK1i.
(There are 3 of these Cathode Followers -- 2 in parallel to insure a strong shift
pulse). This pulse is the Shift Pulse which goes to all 22 Accumulators. This will
advance each digit one Accumulator position.

The positive pulse from the cathode of SK1 also goes to the LC point of the Positive
Pulse Amplifier DBY4, resulting in a negative pulse from its LP. This negative pulse
goes to the RC and LC points of Trigger DC1. Trigger DC1 will always be triggered
and in this case, it will be returned left. The RP of DC1 will go high to the LC
point of DB2, resulting in a negative pulse from the LP of DB2. This negative pulse

will trigger DC2 and return it left. The LP of DC2, going low to the RC point of a

Cc-29



Positive Pulse Amplifier, is rejected. This leaves the following Triggers right:
DC4+, DCB and DC16 ~- indicating a count of 12.

Shift Pulses will continue to be released by the shift Multi-Vibrator increasing
the DCR to a value of 21 with the following Triggers right: DC1, DC4+ and DC16.

The next shift pulse into the Decimal Counter will trigger DC1 left. The RP of

DC1 will go high to the LC point of DB2, resulting in a negative pulse from the LP °
of DB2 which triggers DC2 right. The LP of DC2 goes high to the RC point of DBY,
resulting in a negative pulse from the RP of DBY4 which will trigger DC+ left. The
RP of DO+ will go high to the LC point of DB8, resulting in a negative pulse from
its plate which will trigger DC8 right.

The LP of DCB will go high to the RC point of DB16, resulting in a negative pulse
from its plate which will return DC16 left. The LP of DC16 will go low to the RC
point of Trigger DCC, pulling Trigger DCC to the right. Trigger DCC going right

sends its RP low to the LC points of Triggers DRS and DAS, returning whichever Trig-
ger that was right back to the left. This Trigger returning left will lower the input
to the Multi-Vibrator stopping its operation. No more Shift Pulses will be released
and the Counter is now in the Overcarry Condition with Triggers DC2 and DC8 on the
right.

Correction Operation

Following a cycle of Decimal Registration, it is necessary to check whether or not
the Decimal Counter is in an Overcarry Position. Flip Flop DP16, returning left,
indicates the completion cf a cycle of Decimal Registration. The RP of DP16 goes
high to the RC point of the Positive Pulse Amplifier DIC, resulting in a negative
pulse from its RP. This negative pulse from the RP of DIC goes to two places:

1. To the RC of DA1-16 to continue machine operation.

2. To the LC point of Trigger DCC to check for an Overcarry Condition.
If DCC is on the right, there is an Overcarry Condition and the
negative pulse from DIC will return Trigger DCC left. Trigger DCC,
returning left, sends out the Correction Pulse as follows:

(a) The RP of Trigger DCC goes high to the RC point of the
Positive Pulse Amplifier DBS, resulting in a negative
pulse from its plate to trigger DC8.

(b) The RP of DCC will also go high to the Positive Pulse
Amplifier SMG, resulting in a negative pulse from its
RP which pulls the Flip-Flop DCCD right for 25 us.
This delay is necessary to allow the -85 Correction
Pulse to accomplish its operation. Flip-Flop DCCD,
returning left, causes its RP to go high to the RC
point of the Positive Pulse Amplifier DB2, resulting
in a negative pulse from its RP which triggers DC2,

(¢) The Decimal Counter is now in a corrected condition with
the proper Triggers right.

Correction Operation When Decimal Counter Shifts Beyond a Count of 22

In Multiplication or Division it becomes necessary to continue shifting bteyond the
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count o1 22. At the count of 22, Trigger DCC is pulled right. Trigger DCC being
right causes its RP to go low to the LI point of Gate SG, closing the Gate. The LP
of Trigger DCC will go high to the LI point of Gate DIC opening the Gate.

The next, potential Shift Pulse coming from the RA point of SMA will now be blocked

at Gate SG, preventing a shift. of the digits in the Accumulators and also any increase
in the count in the Decimal Counter. Gate DIC will pass this positive pulse from

SMA, resulting in a negative pulse from the LP of DIC. This negative pulse from DIC
will trigger DCC back left. DCC returning left sends out the Correction Pulses in the
exact manner as described in the previous Correction Operation., At this time, when
the Correction Pulses are completed, all Triggers will be left, indicating a zero
value in the Decimal Counter. The next positive pulse from SMA will now pass through
Gate SG and shifting will continue in the normal way.

Decimal Input Lines Limiters

The purpose of the Limiter Circuit is to prevent the grid level of the True and
Complement Gates from being raised above -15 volts by the Input Lines coming from the
Decimal Locator. The reason these Input Lines must be controlled is because the neons
in the line can cause too great a variance in the line level when fired.

The Limiter Circuit is composed of two decimal diodes connected in series. The plate
of Diode #1 is controlled by a Decimal Input Line. The cathode of Diode #1 is
returned through a Resistor to -60 Volts, but is also tied to the plate of Diode #2.
The cathode of Diode #2 is tied directly to -15 Volts. A rise in the input voltage
will raise the plate of Diode #1, which causes it to conduct, raising the voltage

on the cathode of #1 Diode through the Resistor. The plate of Diode #2 is raised,
but since the cathode of Diode #2 is tied to -15 Volts, the high limit of this
circuit is restricted to =15 Volts because of conduction of Diode #2.

Keyboard Bias Detector Circuit

The purpose of this circuit is to sense the presence of a Keyboard Bias and thereby
prevent a CX Pulse if no Keyboard Bias is present. The control for this circuit is
tied in with the Decimal Input Limiter Circuit. Whenever the Limiter Circuit cathode
line is raised to =15 volts, the tube DCCL will conduct, its plate voltage will then
lower the input to the Cathode Follower SCK, whose cathode will then hold the

cathode of Gate CX to low (zero potential).

When the Limiter cathode lines are not raised but are approximately -45 Volts
because of no Keyboard Bias, tube DCCL will not conduct and, therefore, Gate CX will
end up with a high cathode which will reject all positive pulses on its grid.

NOTE: In the case of a non-g CK in Multiplication or Division
it is necessary to add the additional 1 into 1A but no
Keyboard Bias is present. This is bypassed by raising the
Limiter cathode line from the LP of Trigger CIT.
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REGISTRATION INPUT GENERATOR (R.I.G.)

Plate 5C

The Generator (R.I.G.) is a composition of various stages, designed to generate a
predetermined amount of pulses at certain intervals. These pulses are sent to the
Input & Output Chassis which will pass the required pulses necessary to register a
digit. In passing through the IO chassis these pulses are inverted.

A complete set of pulses are generated in one cycle. Each cycle is generated within
a total time of 125 micro seconds. The sequence in which they are generated is
shown in Figure 12

Operation

The Registration Input Generator is started by pulsing the RP of RD with a negative
pulse. The RP of RD will go low which holds the left grid low while the condenser is
charging. This conduction will exist for 100 micro seconds which allows Sign Bias
time to rise. When RD went right its LP went high hitting the R.C. point of Flip-
Flop RS, which merely raised the left grid of this Flip-Flop higher allowing it to |
remain in its stable state. After 100 micro seconds RD returns left and its LP goes
low. This drop is reflected at the capacitive input to RS which will lower its left
grid allowing it to conduct on the right side for 25 micro seconds as determined by
the condenser. The RP of RS going low hits the left capacitive input of R1'8, a
Negative Pulse Amplifier, which will lower its grid momentarily. A positive pulse
is created on the LP, This plate is connected to the two grid inputs of Cathode
Follower R1'1' and will reflect a positive pulse off the cathode of R1'1Y. As

shown on the graph, the first pulse generated is the RIG1! Pulse. The positive
change on the LP of RS will be rejected at the capacitive input of Rl since it will
only raise the left grid higher.

‘After 25 micro seconds RS will return left and its LP will go low.

This change, being connected to the right capacitive input of R1l, will trigger R1
right allowing its RP to go low. The low output from the RP to the LI pcint of the
DC Amplifier R1M, causes the LP of RIM to go high. Its LP is connected to the Multi-
Vibrator R8 which will cause the Multi-Vibrator to oscillate. With a high input the
Multi-Vibrator will conduct on the right side lowering its RP. This drop is re-
flected at the RC of R1'8 as a negative pulse. A positive pulse results from its

RP through the Cathode Follower R88. This is the first RIG 8 Pulse generated as
shown in Figure

After its designed time interval Multi-Vibrator R8 returns to conducting on the
left side resulting in its LP going low. This negative drop hits the double capa-
citive input of Trigger R4 reverting it to conducting on the right side. The RP of
R4 drops and is reflected as a negative pulse at R42, a Negative Pulse Amplifier.

A positive pulse from its LP hits the input points of Cathode Followers R44 and R66
resulting in both cathode points showing a positive pulse. At this time, as shown
on the graph, RIG4 and RIG6 Pulses are generated.

Multi-Vibrator R8 returns right since its input is still high causing its RP to
drocp. This drop hits the Negative Pulse Amplifier R1!8 resulting in a positive
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pulse from its RP. This pulse through Cathode Follower R88 is the second RIG 8 Pulse
generated as shown on the graph.

R8 now returns left again lowering its LP which results in a negative pulse at the
double capacitive input of R4, triggering it back left. The positive pulse from the
RP of R8 is rejected by the Negative Pulse Amplifier R1'S8.

R4, now returning left, allows its LP to drop which will in turn trigger R2 right.

The RP of R2 going low to the Negative Pulse Amplifier R42 results in a positive pulse
from its RP. This positive pulse hits the input points of Cathode Followers R22 and
R66 which will in turn show a positive pulse at their cathodes. These two pulses are
the RIG 2 and RIG 6 Pulses as shown on the graph.

Since the Multi-Vibrator still has a high input it will now return to conducting on
its right side. Its RP going low, through Amplifier R1'8 to the input point of
Cathode Follower R88 results in the third RIG 8 Pulse as shown on the graph.

Upon the return of R8 left, its LP will drop, reflecting a negative pulse at capacitive
points of R4 triggering it right. The RP of R4 goes low to the Negative Pulse
Amplifier R42, The positive pulse from its LP hits the Cathode Follower R44 and R66
resulting in RIG 4 and RIG 6 Pulses as shown on the graph.

Multi-Vibrator R8 goes right again causing its RP to go low to Amplifier R1'8. A
positive pulse from its RP through Cathode Follower R88 is the last RIG 8 Pulse
generated as shown on the graph.

When R8 returns left its LP going low triggers R4 back left. R4 going left causes its
LP to go low which in turn triggers R2 back left. (Both right plates of R2 and R4
going high are rejected by the Negative Pulse Amplifier R42). The LP of R2 dropping
hits the RC of RIM resulting in a positive pulse from its RP. This positive pulse
hits the Cathode Follower R11l which will be the RIG 1 Pulse, the last pulse generated
as shown on the chart. The same pulse which hit Amplifier RIM also hits the LC of
Trigger R1 triggering it back left.

The RP of Rl going high to the DC Amplifier causes it to conduct dropping its LP.
The lowering of the LP shuts off the Multi-Vibrator R8 since its input point is
lowered.

The negative pulse from the LP of Rl is sent to the Carry Input Generator, Plate 3
stage CD, indicating a completion of an RIG cycle.

A cycle of RIG is necessary to register a number from:
A. Card Field
B. Constants

C. Storage
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INPUT CIRCUIT

Plate 6C

The INPUT DECODER is one-half of the Input-Output Chassis. There are ten of these
chassis -- one for each of the 1A to 10A Accumulators. The Input Lines to the
INPUT DECODER may come from any one of three places:

1. Card Field Input
2. Constants
3. Storage

The level of the Input Lines is controlled by K.B. The Input Lines are normally
low and become high from a signal from K.B.

' The I1, I3, I5 and I7 Input Lines all control the -60 cathode line; any one of these
coming high will raise the -60 cathode line whose high voltage is limited to -15
Volts through the left side of IA9 conducting. The grid or left bias point of
stage I09 will then be at -15 Volts which will allow it to pass a positive pulse.
The grid or left bias point of stage IA9 will also be at -15 Volts, and since its
cathode is tied to -15 Volts, this tube will conduct. The LP of IA9 will drop its
voltage and, through a Voltage Divider, will pull the RG and RP of IA9 to approxi-
mately -60 Volts. This point is tied to the LD point of stage I9, holding its

grid also at -60 Volts, preventing it from passing a positive pulse (RIG8). If the
19 Line is raised in conjunction with any other Input Line (even number), the only
additional change is that Gate I79 is open on the right to pass the RIG1' Pulse.

In the event only the I9 Line is raised, the -60 cathode line will not be raised.
The LD of stage I09 will be returned to -60 Volts preventing the passage of a
positive pulse, RIGl. The LD of IA9 will also be returned to -60 and the tube will
not conduct. The LP of IA9 will be high and through a Voltage Divider and the
limiter action of the right side of IA9, will hold the LD of I9 from rising above
-15 Volts. The Input Line I9 through the right side of diode C09, will hold the RD
of I09 from rising above -15 Volts when the I9 Input Line is high. The RIG8 Pulse
is now free to pass through the Decoder to be released on the Even Input Line.

In the event none of the Input Lines come high (zero), the circuit is similar to the
condition created when only the I9 Input Line is high with this exception --

The right side of stage I09 will have a low grid and, therefore reject
positive pulses (RIGS).

The only out-going lines in this circuit are the Even Input, which increased the
Accumulator value by 2 and the Carry and 0dd Input Line which changes the Accumu-
lator value by one. The Input Line indicates what value is going to register and
the RIG's when it will be registered.

NOTE: RIG8 can be blocked at I9 or I09.
Any number but 9 and f will raise the cathode line (-60 Volts).

Operation

Assume a figure is to be registered from a closed contact of the pin box.
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Keyboard Bias, as determined by the plugboard will rise and sense any closed contacts
of the designated field. At this time assume that a contact is closed, designating
number 1 to be registered. The high potential raises the plate of the Il neon
creating a voltage differential allowing it to fire. This will raise the plate
potential of diode C17. By raising the plate potential of C17 to a more positive
value than its cathode the tube will conduct. The plate current flow now -causes a
further drop across the 470K bias resistor raising the cathode line to a more posi-
tive value. This line cannot rise above a -15 volts. If it does, Limiter IA9 will
conduct and maintain this line at -15 volts. This is due to the fact that if the
left grid of IA9 becomes more positive with respect to its cathode, current will -
flow and keep this line at its cathode potential. The cathode of Cl7 is connected
to 109 (left side) maintaining its grid level at a point just below cutoff.

At this time only the grid of the I09 tube was raised enough to allow an RIG Pulse
to affect its grid. The grid level of the other tubes are way below cutoff and an
RIG Pulse is unable to raise their respective grids high enough to allow them to
conduct.

The RIG 1 Pulse hitting the left grid of I09 is sufficient to raise it high enough
for conduction to occur. The LP of I09 releases a negative pulse to its respective
Accumulator Odd Line. The pulse on the Odd Line will trigger the @T1 Trigger right
in the Accumulator, showing a one registered.

Reading a "3% selection will fire the I3 neon, which would raise the LP of C35. With
the plate more positive than its cathode, conduction occurs and the cathode line
would rise to a -15 volts as controlled by Limiter IA9.

Since the left input of Gate I35 is high, the RIG 2 Pulse will be able to raise the
grid momentarily to allow conduction to take place.

The LP of I35 releases a negative pulse which will be sent out on the Even Line to
register a two in the Accumulator.,

The left grid of I09 is at -15 volts which allows the RIG 1 Pulse to raise the grid
high enough for conduction, resulting in a negative pulse on the 0dd Line to register
a one. The RIG 1 Pulse is the last pulse generated and a three has been registered.

If a high input (Keyboard Bias) were maintained at lines I5 or I7 the same condition
would occur as previously stated. The only exception would be that the Input Line
would condition either the right grid of I35 or the left grid of I79 which would
pass the RIG 4 Pulses or the RIG 6 Pulses on to the Even Line. The RIG 1 Pulse
would always pass with the selection of I1, I3, I5 or 17.

The registration of a nine is accomplished by passing four RIG 8 Pulses and also
the RIG 1% Pulse. With the RP of C09 at -15 volts connected to the right grid of
I79 the RIG 1% Pulse will be able to raise the grid momentarily to allow conduction.
This momentary conduction period results in a negative pulse on the 0dd Line.

The I1, 3, 5 & 7 Input Lines are all low on the registration of a 9. The left grid
of TA9 will not be raised. The left grid of IA9 will remain at -60 volts. The
cathode of IA9 is at -15 volts so the grid of this tube is well below cutoff. The
LP of TA9 will not be conducting therefore, its plete will be high. Through the
Voltage Divider from-£150V to -150V and no conduction occurring, the RP and right
grid of IA9 will have a potential of approximately -15V. IA9 is used only as a
Limiter to prevent the left grid of I9 from being raised above -15V. Should the
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right grid of IA9 try to go higher than -15V, the tube will conduct since the
cathode is tied to -15V. The left grid of I9 being held at -15V will raise high
enough during the RIG 8 Pulse to emit a negative pulse from its plate for each RIG 8
Pulse (25 us intervals). The right grid of I9 is tied through a 100K resistor to
+150V making it a Negative Pulse Amplifier. The negative pulses from the LP of I9
will momentarily lower the right grid of I9 resulting in positive pulses emitted
from the plate. The right grid of I09 is controlled by the I9 Input Line which at
this time is high. This grid is still below cutoff but the positive pulses from the
RP of I9 will raise the right grid of IO9 momentarily above cutoff, resulting in
negative pulses emitted from its RP. These negative pulses are on the Even Input
Lines into the Accumulator.

The RP of IA9 is at -15 which is connected to its grid, therefore, this is essen-
tially a Diode Limiter. Should the RP rise above -15 volts, its right grid would
also rise. The RP would be positive with respect to its cathode and the right grid
would also be positive, with conduction resulting in pulling down the RP to a -15
volts. This is the action of a Limiter.

By reviewing the RIG chart it is established that one pulse on the 0Odd Line and four
on the Even Line are necessary to register a nine in the Accumulator.

The opposite condition of this circuit may be noted when the selection of an even
number is made. The Bi-Quinary system used in a Tabulating Card is such that the
registration of a "2" requires a "1" and a "9". This means that the Il Line and the
I9 Line must be high for the registration of "2",

As previously explained, the Il Line going high will raise the -60 volts bias line to

a -15 volts by current flow.through the 470K resistor. This line rising to -15 volts,
is connected to the left grid of I09 and will enable the RIG 1 Pulse to pass through
onto the 0dd Line to the Accumulator.

As shown on the plate the RP of IAY is at -60 volts which will maintain the left grid
of I9 in a cutoff position. The RIG 8 Pulses are insufficient to raise the grid
high enough to allow conduction. The Limiter TA9 will not conduct since its RP is
more negative than its cathode.

The I9 Line being high will condition the right grid of I79 as previously described,
permitting the RIG 1' Pulse to pass through, onto the 0dd Line to the Accumulator.

The registration of a "2" has taken two pulses on the Odd Line with all other RIG
Pulses unable to pass through.

The following is s summary of the operation of the Input Circuit.
1. The selection of 1, 3, 5, or 7 will allow the RIG 1 Pulse to pass.

2. The 3, 5 and 7 lines allow either the RIG 2, RIG 4 or RIG 6 Pulses
to pass plus the RIG 1 Pulse.

3. The selection of 1, 3, 5 or 7 plus a 9 will pass their required
pulses plus the RIG 1 Pulse.

4, Selection of 9 only will pass RIG 8 Pulses plus the RIG 1! Pulse.

5. The operation of the LP of CO9 is described in the Minidend
Registration Circuit.
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DOUBLE INPUT CHECK CIRCUIT (ALPHA INPUT)

Plate 7C

A review of the Rem Rand 90 Column Code (see Input write-up) shows that no digit is
represented by the raising of more than one of the 1, 3, 5 or 7 Input Lines. If
the Keypunch Operator should punch, for example, a 3, 5 and 9 into a given card
column instead of a desired 3, 9 (decimal digit 4), the decimal digit 8 would be
entered into the Accumulator. As far as the Calculator and its proof circuitry is
concerned, the Input Lines 7 and 9 were raised instead of the actual 3, 5 and 9
lines and calculations will be performed accordingly, the proof process detecting
no error. This type error is detected, however, by the Input Check Circuit and the
calculating process terminates as indicated by the Input Check Light on the Punch
Operating Panel.

Another type error which the normal proof process of the machine cannot detect,

but which can be caught by the Input Check Circuit, is that of false Storage

setting. If the number to be set into Storage is the decimal digit 8 for example,
then the 7 and 9 Storage Input Lines are raised. If the 5 bit should also fire,

the error would not be determined by the proof process since the Proof M'd Input ,
Registration is no different for bits 5, 7 and 9 fired than for 7 and 9 fired. Hence,
the false 5 gets punched into the card by mistake.

Double Input Operation

Each Input-Output chassis has one double input sensing triode LP-MCC, the grid of
which is tied to a mixing circuit that senses the levels of the 1, 3, 5 and 7

Input Lines of that I-O chassis. If zero or one of these Input Lines is high, the
LP of MOCC is cut off. If two, three or four of these Input Lines are high, the LP
of MACC is conducting. The left plates and cathode of all 10 MOCC stages are tied
together so that a Double Input in any or all input columns lowers the common plate
voltage activating the Calculator Kill Circuit (raising the cathode of CX). This
K11l CGircuit is in the Check Counter Chassis and includes the RP of IOCK. Due to
the filtering required in the circuitry, it is necessary to keep all four Input
Lines from raising during the portion of EZ at which time the Clear Pulse is applied
to the Storage being used in that step. This is prevented by keeping the Storage
Call Read-Out Bus high during EZ so that the Input Amplifiers (IS-1-L through
18-9-L), in the IO chassis will stay in conduction. This is done by raising the
right grids of FK (1 through 12), through SKBH and SKBK in the Check Counter Chassis
during EZ as shown on plate 10.

Input Gate Restore Operation

A restore circuit is provided in order to close the Input Gates for the Accumulator
rapidly and prevent erroneous indication of a double input. These Gates might close
slowly due to various capacities, from 1, 3, 5 or 7 lines. The operation of DEA to
call for a Decimal Registration operates ICL through EBG. The left plate of ICL
pulses the grid of the Power Pentode VIIC from cut-off to conduction. The plate of
VTIC then pulls the cathode of the Isolation Diodes in I0 down for 100 microseconds
to return the 1, 3, 5 and 7 Gates through their -15 Volt Clamping Diodes to their
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low level. ICP contains the plate load for VIIC which consists of a divider from
+150 Volts to ground. ICC contains the grid capacitor and load while MSKK contains
the grid bias divider for VTIC.
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OUTPUT DECODER

Plate 8C

The Output Decoder is the means by which any value in an Accumulator from 1A-10A
can be decoded from the Accumulator Code to the 90 Column Card Code. There is a
Decoder for each Accumulator, 1A through 10A inclusive. The information from the
Accumulators is decoded preparatory to being placed in Storage. The decoded
number must still be read by a Storage Set Pulse {plate 10) before it can be
placed in Storage. Any time a number is present in any Accumulator from 1A to 10A
that number is immediately and automatically decoded.

The Cutput Circuit is enclosed in a chassis with the Input components to form a
common Input-Output (I-O) chassis. This circuit does not utilize the RIG Pulses
but merely conditions the grid of a tube. By applying the Accumulator Trigger's
plate potential to the input point of a DC Amplifier to allow the plate of the
Amplifier to control the grid of a tube, it will in turn control the conditioning
of Storage Bits. A plate potential may be high only if the plates connected to it
are also high. By connecting two or more plates together it can be seen that the
input to these stages must all be below cutoff. Should any stage have a high input
dropping its plate, the plates connected to it will be unable tc go high. As an
added control the cathodes of these stages are raised or lowered to allow an even
or odd number to register.

By referring to the Accumulator Bi-Quinary System one may see that the ATl Trigger,
if conducting on its right side, will indicate an odd number. Inversely, if the
Trigger were on the left, an even number must be in the Accumulator. The right

and left plates of this Trigger are connected thru Cathode Followers, ME and MO, to
the cathodes they will control. (ME = odd, MO = even). Assuming fT1 to be con-
ducting on the right (odd number), its left plate would be high, thru MO to the
cathodes of MA9, M57 and M13. With a high cathode the grids of these stages would
actually be negative with respect to the cathode resulting in a high (+150 volts)
plate. The right plate of UT1 being low thru ME, would condition the cathodes of
M17, M9 and M35 so they could conduct.

NOTE: The designations used on the diagram (RC and X)
refer to the components within them and all stages
are considered DC Amplifiers with resistive inputs.

The following examples will show how the various Accumulator Triggers condition DG
Amplifiers, so they will in turn condition the IS stages which go to the D1 diodes
of all the Storage Bits. Since the circuit utilizes DC Amplifiers the input and
plate peints will be referred to only as high or low.

Operation

A value of one is assumed to be in the Accumulator and the ATi Trigger is on the
right. This means that the right plate of BTl is low thru ME which will allow the
cathodes of M17 and M35 to conduct if their grid levels are raised. Whenever a
cathode is lowered and its grid raised, the tube will conduct. With a high cathode
and a high grid, the grid is still negative with respect to the cathode and the tube
will remsin cutoff.

A value of one in the Accumulator Code is a one in the 90 Column Code. When a value
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of one is decoded the right cathode of IS1 will be high. It is suggested to work
from the 90 Column Code value backward, to see if the conditions are present to con-
dition this Output Line properly.

In order for the RK of ISl to be high the RI of IS1 must be high. The RI of IS1 is
controlled by the RP of M17 and the LP of M13. M13 has a high cathode so that stage
is cutoff. MI17 has a low cathode but the right grid is controlled by the RP of T¥
which is right and therefore the right grid of M17 is low. A low cathode and low grid
of M17 cannot cause conduction so the RP of M17 and LP of M13 are free to go high

and raise the RK of IS1, indicating a value of one in the Accumulator.

The right cathodes of all other IS stages will be low at this time. Only one 0dd
Line can come high at a time.

A value of four is assumed to be in the Accumulator. Trigger T4 is the only Trigger
right in this Accumulator. Trigger STl is left so the RP of @T1 is high through the
Cathode Follower ME raising the cathodes of M9, M17 and M35. The LP of #T1 is low
through the Cathode Follower MO lowering the cathodes of MA9, M57 and M13.

A value of 4 in the 90 Column Code is comprised of a 3 and a 9. When a 3 is decoded
the RK of IS3 1s high. In order for the RK to be high the RI of IS3 must also be
high. The RI of IS3 is controlled by the LP of M35 and RP of M13. M35 has a high
‘cathode so this stage cannot conduct. MI13 has a low cathode but the right grid of
M13 is held low from the RP of T4. A low cathode and low grid will not allow con-
duction so both the LP of M35 and RP of M13 are cutoff to allow the RK of IS3 to go
high.

When a 9 is decoded the BK of IS9 is high. In order for the RK of IS9 to be high the
RI of IS9 must also be high. The RI of IS9 is controlled by the LP of M9 and RP of
MA9. M9 has a high cathode so this stage cannot conduct. MA9 has a low cathode but
the grid of MA9 is low from the LP of’Tg. A low cathode and low grid will not allow
conduction so both the LP of M9 and RP of MA9 are cutoff to allow the RK of IS9 to

go high,

A suggested method to follow in tracing this circuit 1s as follows:

1. Trace backward from the IS stage the line or lines which the 90
Column Code requires for the Accumulator wvalue.

2. Determine whether the digit in the Accumulator is odd or even and ?
then, from the Tl Trigger, condition the various cathode levels.

3. Keep in mind that when two plates are tied together conduction takes
precedence. In other words, if two plates are tied together and only
one tube is conducting the common plate level line will be a low
level.
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STORAGE

Plates 9C and 10C

The Computer has 12 independent Storage units; each has the capacity of a 10 digit
number and its sign. 1In order to make each Storage independent, each unit has
associated circultry to provide for:

(a) Storage Set

(b) Storage Hold and Clear

(c) Storage Call (Read-Out into Accumulators)
(d) sStorage Read-Out into Punch Actuators

Bach digit requires 5 Storage Bits; all Bits of the same numeric value in the 12
units are driven from the Accumulator Decoeder Output of the same value in parallel.
Similarly, the Read-Out into Accumulator Output of each bit of the same numeric value
of the 12 units, drives the Accumulator Input Decoder of the same value, in parallel.
The sign of storage requires the use of one Bit for each Storage.

The Punch Actuators are connected to the Bit Actuator Output through patchcords
located on the Computer Field Plugboard. This arrangement permits a number to be
set into the Actuators of any desired Card Column.

The Storage Bit employs the Type 5823 cold-cathode glow-discharge triode. The 5823
tricde is non-conducting until the starter to cathode voltage is made to exceed the
breskdown level. When the plate to cathode voltage and the starter electrode
current are sufficient, the glow will transfer to the plate. After sufficient time
has been allowed for transfer, the starter electrode driving voltage may be removed
without interrupting plate current flow. Once the tube is fired, it will remain
conducting until plate current is interrupted for an interval of time sufficient for
gas deionization. Breakdown may be observed as a glow on the cathode surface.

The average starter to cathode voltage necessary for breakdown is 80 Volts; the .
average anode-cathode voltage after breakdown is approximately 62 Volts. The time
allowed for firing (breakdown and anode transfer) is 150 microseconds. For clearing,
the plate voltage is reduced for a total interval of approximately 2.6 MS,

Storage Set Driver Operation

The actual circuit method used to select a specific Storage, say S(1), is as follows:
The Storage Call Line of S(1) is lowered during the interval of ER. Through the 1
side of stages FA (1,2), and stage FC (1) the Storage Call Signal undergoes voltage
level shifting, inversion and amplification. The output of stage FC (1), therefore,
goes high when the Storage Cail of S(1) is lowered. The output of FC (1) is connected
to the control grid input of the 6AU5 Set Driver {a Cathode Follower) of Storage s(1).
The cathode voltage of the 6AU5, however, changes only slightly at this time due to
the low screen voltage. The Set Driver tube of the selected Storage is now in a
ready condition. The output of FC (1) is also comnected to the input of MKD (1) to
call for the Storage Decimal Location,

The Storage Call Line is also connected tc the Diode FD(1,2). This Diode is used
to decrease the recovery time of the Storage Call Line by pulsing the line high
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at the end of the call interval.

The WHEN signal required to set S(1) is initiated by the Flip-Flop MS, which is kicked
after the Test RIG has been completed as shown on plate 15.

MS is connected through stages MSK, MSKA and MSKK to the screen grids of all of the
Storage Set Driver tubes. These stages provide the necessary amplification, signal
inversion, level shift and low impedance source required to drive the screen circuits.
The WHEN signal, therefore, pulses the screen grids of all of the 6AU5 set tubes to

a high positive value, which causes the set tube of the ready Storage S(1) to go into
heavy conduction, thereby producing the Set Pulse. A combination of high cathode from
both the IS stage and 6AUS Tube results in raising the starter electrode sufficiently
to fire the tube. If the IS cathode were low when the 6AU5 cathode is raised, Diode
D1 tonducts which keeps the starter electrode below the firing level and the 100K
Resistor accommodates the voltage drop between the IS and 6AU5 cathodes.

Storage Hold and Clear Driver Operation

The Storage Hold Driver is required to normally maintain the plate voltage source of
the Storage Bits near ground potential, so the Bits may be fired and held in con-
duction, if called for. The load current of the Hold Driver varies over a wide range,
as it is dependent upon the number of Bits fired in a given Storage (maximum of 21).

A controlled voltage regulated power supply consisting of a 6AS7 for the regulator
series dropping tube, and one stage of feedback amplification, stage ML (S(1,2)), is
used for the Hold & Clear Driver. The grid of stage ML (S(l,2)), is connected to
the Hold & Clear Line and the cathode is connected to ground. Since the stage is
operated as a Class A Amplifier during Hold conditions, the Hold Voltage Level will
be equal to the tube bias which will vary slightly with lcad conditions.

During the Clear interval, the Hold and Clear Line Voltage is reduced to a low level
for a period of time sufficient to cause the 5823 (glow-discharge triode) to de-
ionize. To clear Storage, it is necessary to designate: (a) Which Storage is to be
cleared, (b) WHEN it is to be cleared.

1. The Keyboard Bias is used to select the Storage to be cleared. The
output of stage FC(1l) is connected to the control voltage input of
Gate MZ(A); thus, the Keyboard Bias, selects the Storage to Zeroize,
by opening the appropriate MZ Gate.

2. The WHEN signal is supplied at the beginning of each step, to
Zeroize the particular Storage selected, for the result of that step.
Each step is initiated by a signal which flips EZ and EZB5. The
negative pulse generated at the left plate of EZB5, upon its return,
is amplified, inverted (through the right side of EPG) and drives the
Cathode Follower SZK. The output of SZK is connected in parallel
to the grid inputs (RC and LC points) of all MZ stages. The signal
from SZK is inverted through the open MZ(A) stage, to flip the designated
Storage Zeroize Flip-Flop MZ(1).

MZ(1) may also be flipped from a signal through the left side of stage MC(1), which

is driven when a Clear Step has been programmed. The Storage Clear Common is
connected by patch cords on the Constant and Program Panel to the input control points
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of stage MC(1) to supply the WHAT designation. Due to the possible Program Board
plug connections, any or all of the Storages may be cleared at the same time during
a Clear step. The WHEN signal (from the Storage Clear Pulse Bus) is conmnected to
the signal input of stage MC(1l) and is supplied by circuitry located in the Output
Control Chassis as shown on plate 28 . The Manual Clear Line is common to the right
capacitive input of all MZ Clear Flip-Flops. Thus, the Manual Clear Signal clears
2ll Storages.

ghe output of MZ(1) is used to interrupt the action of the regulator stage ML
S(1,2)).

The signal from the left plate of MZ(1) is passed through stage MA(1,2) in order to
shape the wave properly and to supply the proper driving source for stages M(S(1))A
and M(S1). These stages are driven into conduction for the clear interval period.
Stage M(S1) overrides the controlling signal fed to the grids of the 6AS7 from
ML(S(1,2)) to greatly reduce the grid voltage. Stage M(S(1))A is used as a low
impedance load on the 6AS7 to insure the rapid establishment and maintenance of the
low voltage level required on the Hold and Clear Line during the clear interval.

Storage Read-Out Driver Operation

In order to read out information from Storage into the Accumulators (Storage Call),
it is necessary to designate: {(a) WHICH Storage is to be called, (b) WHEN it is to
be called,

The WHAT information is controlled by patch cord connection on the Program Plugboard
which connects a V1, V2 or R line to the appropriate Storage Call S(1). The Factor
Call voltage level operates the Storage Read-Out Call Line through stages FA(1,2),
FB(1,2), ¥K(1) and a 6AS7 Cathode Follower.

With one exception - when the Storage Call Line is lowered, the output of the Storage
Read-Out Call Line drops. The exception to this occurs during the interval of EZ
during which time the Storage Read-Out Call Line is held high by the action of the
right section of FK(1). The right section grid is driven by the Storage Read-Out
Blocking Bias Line. This Blocking Bias is provided to prevent the malfunctioning of
the Double Input Detector circuit, which would be actuated if both the Storage Read-
Out Call and Clear Lines were low at the same time.

The WHEN designation is in the form of an RIG cycle., The voltage at point 1 is
governed by which of the 3 Diodes, D3, D4 or D5, is the least negative.

1. Assume the Thyratrom is fired. D3 is -105, D4 is -30 and D5 is -60.
D4y therefore, controls point 1 and the voltage there is -30. When
the K-6AS7 goes low to -85, point 1 will also go to -85 and D5
conducts causing the IS stage to cut off, thereby raising the input
to the Decoder Gate. :

2. Assume the Thyratron is not fired (no value). D3 is -30 and D4 and
D5 are as in #1. D3 conducting controls point 1 keeping it at a
constant ~30, even though the K~-6AS7 goes to -85. D5 does not
conduct, therefore, the IS stage remains conducting holding its
Decoder Gate closed.
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Actuator Set Driver Operation

To set the information retained in the Storage Bits into the Punch Actuators, the
following must be designated: (a) WHAT information is to be set, (b) WHERE it is
to be set, (c) WHEN it is to be set.

The WHAT information is given in terms of the Storage unit (s) to be set, S (1), etc.
Any or all of the Storages may be set at the same time.

The WHERE positioning is controlled by patch-cord comnections on the Field Plugboard.
This permits the setting of S (1) in the desired Card Columns. The output of each
Bit of a given Storage unit must be connected by patch-cords to the proper Actuator
in the Card Column selected. The WHEN signal is generated during the interval of the
Set Step. This opération raises the Actuator Set Line to ground potential, which
increases the Actuator currents to a point sufficient to insure their operation dur-
ing the allotted Set interval.

The current requirement of the Set Line is large during the Set interval. In order
to switch this current, mercury relays are used. These relays possess the character-
istic of making contact with unmade contact prior to breaking the contact with the
made contact.

At the time of the Set Step, a positive pulse from AAK]1 or AAK2 in the Output Control
Chassis as shown on plate 28, feeds the Set I and Set II Commons. The commons are
connected by patch~cords to the Storage desired to be set. This pulse drives stage
SRC(1) into conduction, which causes the Actuator Set Relay of Storage S(1) to close.
The stage SRC(A) is used to discharge the Set Line capacity at the completion of the
Set interval and to maintain the proper Set Line Voltage thereafter.
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ADDITION PROCESS

Work Sheet

The True Decimal Value represents the number of Accumulator Positions between the
left of the decimal and the 6M/5M reference point. The Complement Value is the
complement of the True Value with respects to 22. The True Value is placed in
Accumulator 1M on the work sheet, for easy reference.

This work sheet shows the procedure the Computer follows in order to add two

numbers together, store the result and prove the answer. The procedure will be the
same in any Addition problem. The only variations will occur in the numerical values
and decimal positions. S

The problem used as an example has the following values:

Minidend -- V1 33.33 /6 decimal
Subvisor -- V2 66 .66 4/3 decimal
Result --R 5/4 decimal

CALCULATOR ZEROIZE
Plate 11C
Procedure
Line 1
The Calculator is Zeroized. All Triggers are normalized including
Accumilators, Counters and Control Triggers. Storage is Zeroized.
MINIDEND REGISTRATION
Plate 13C

Line 2

The Minidend (M*d) Decimal Complement is registered in the Decimal Counter.

Line 3

The Minidend (M®G) Numerical Registration is made (cycle of RIG). The
M'd value is registered in the Accumulators.
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Line

Line

Line

Line

Line

Line

Line

Line

SUBVISOR REGISTRATION

Plate 14C

4

The Subvisor (Sfr) True Decimal value is added in the Decimal Counter.
. ,

The Minidend (M'd) value in the Accumulators is shifted sd that the M'd

Decimal aligns with the S'r Decimal. This'alignment is indicated when
the Decimal Counter reaches 22.

6

The Subvisor (S'r) Decimal Complement is registered in the Decimal
Counter.

NOTE: The Decimal Counter can only accumulate to a total
of 22; 22 is the same as zero so the S'r Comple-
ment Value is added from zero.

7
The Subvisor (S'r) Numerical Registration is made (cycle of RIG). The
S'r value is added to the M'd value which is already present in the
Accumulators.

RESULT TO STORAGE

Plate 15C

8
The Storage True Decimal value is added in the Decimal Counter.
9
The Result value in the Accumlators is shifted so that the S'r Decimal
aligns with the Storage Decimal. This alignment is indicated when the
Decimal Counter reaches 22.
10
The Storage Numerical Registration is made (Test RIG). The Storage value
at this time is zero because of the previous Zeroize Operation (Line 1).
This is a check to make certain Storage is zero. The Accumulator numeri-
cal values should not change.
11
The numerical value in Accumulators 1A to 10A only are now set in Storage.
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The value is still left in the Accumulators but is also present
in a Storage.

Line 12
A B-2 Zeroize Operation is initiated. The B-2 Operation will zeroize
Accumulators 1A to 11A only, the Check Counter and M-D Counter. At
this time the main B-2 effect is on the Accumulators.
PROOF MINIDEND - STORAGE REGISTRATION
Plate 160
Line 13

The Proof Minidend (Storage) Decimal Complement is registered in the
Decimal Counter.

Line 14
The Proof Minidend (Storage) Numerical Registration is made (cycle of
RIG). The value in Storage is re-entered into the Accumulators.
PROOF SUBVISOR - SUBVISOR REGISTRATION
Plate 17C
Line 15

The Proof Subvisor (Subvisor) True Decimal value is added in the
Decimal Counter.

Line 16 | _
The Proof Minidend (Storage) value in the Accumulators is shifted so
that the Proof M'd Decimal aligns with the Proof S'r Decimal. This
alignment is indicated when the Decimal Counter reaches 22.

Line 17

The Proof Subvisor (Subvisor)’Decimal Complement is registered in
the Decimal Counter. ;

Line 18
The Proof Subvisor (Subvisor) Numerical Registration is made (cycle of

RIG). The Proof Subvisor value is subtracted (Reverse process in
_proof) from the Proof Minidend value in the Accumulators.
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Line

Line

Line

Line

Line

Line

MINIDEND SUBTRACTION

Plate 18C

19
The Minidend True Decimal value is added in the Decimal Counter.
20

The Proof Result value in the Accumulators is shifted so that the Proof
Subvisor Decimal aligns with the Minidend Decimal. This alignment is

“indicated when the Decimal Counter reaches 22.

21
The Minidend (M%d) Numerical Registration is made (cycle of RIG). The

M'd value is subtracted from the Proof Result leaving all zeros in the
Accumulators.

ZERO CHECK
Plate 19C

22

A Zero Check is made of Accumulators 1A to 10A. All 10 Accumulators must
be zero at this time or the problem is not correct.

23

A total of 10 shifts are made at this time. These shifts are counted and
controlled by the Check Counter. This moves the value (Zeros) from 2M
to 1IM into 1A to 10A Accumulators.

24
Another Zero Check is made of Accumulators 1A to 10A. After this Zero
Check a total of 20 Accumulator positions have been checked for zeros.

A1l 10 Accumulators must be zero at this time or the problem is not
correct. ,
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06-2

M-SECTION

A-SECTION

CALC. DEC.
PROCESS REFPOINT INPUT __ COUNTER
11i10|S(8(|7615/43 1 [I1]I0|S(8(|7|6|5/4(3]|2 DEC{M-D |ICCT
MINIDEND 10 3l 3l 3] 3
SUBVISOR 13 sl elels
STORAGE DECIMAL 12
1. CALC. ZEROIZED
2. M'D DEC., COMPL, 12
3. M'D NUM. REG. 31313]3 12
! 3131313 3
5. M'D SHIFTED DCR AT 22 3131313 22 CT11
6. S'R DEC. COMPL. 313 313 9 CT11
| 7. S'R NUM, REG, 9191919 9 CT11
| 8. STOR. DECTMAL . 9191919 21 CT11
9, RES. SHIFTED DCR AT 22 9191919} 22 CT11
10, _TEST RIG 9191919 22 CT11
11, RESULT TO STORAGE 9191919 22 CT11
12, B-2 ZEROIZE 010 0101010104010 22 CT11
13. PR. M'D DEC, COMPL, 10 CT11
14. PR, M'D NUM, REG, 9191919 10 CT1]1l
15. PR. S'R DECIMAL 9191919 1 CT1l |
16, PR. M'D SHIFTED DCR AT 22 9191919 22 CT11
17 PR. S'R DEC, COMFL. 9191919 9 CT11
18, PR. S'R NIM, REG. 3131313 9 CT11
19.  M'D _DECIMAL 3131313 19 CT11
20, PR. RES. SHIFTED DCR AT 22 3131313 22 CT11
21, _M'D SURTRACTTON olololo 22 CT1]
K 22, CT11
o~ _SEIPFT 10 10 CT10
24 . ZERQ CHECK 10 CT10




SUBTRACTION PROCESS
Work Sheet
The first Work Sheet is an example of a negative value causing Subtraction in an
Addition Process. In this example the Minidend is a negative value and the

Subvisor, a larger value, is added to the Minidend to give a positive result.

The step by step procedure is exactly the same as in Addition except the Minidend
is first subtracted and then added in the Proof.

The problem used as an example has the following values:

Minidend ——- V1 -.15 11/10 decimal
Subvisor --- V2 1.0 2/1 decimal

Result ---R 1/0 decimal

The second Work Sheet shows the procedure the Computer follows in order to subtract
one number from another, store the result and prove the answer. This procedure will
be the same in any Subtraction problem which ends in zero or a positive value. A
negative result is shown on the Complementize sheet.

The step by step procedure is exactly the same as in Addition except the Subvisor
value is subtracted and the Proof Subvisor value added.

The problem used as an example has the following values:

Minidend —-- V1 66.66 7/6 decimal
Subvisor --- V2 2.15 10/9 decimal
Result =---R 1/0 decimal
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¢G-D

CALC. DEC.
PROCESS REF.POINT INPUT COUNTER
| itjicle(8(7 165|413 1211 (l1ll0je|8[71¢|5|/4,3|(2|!| DEC{M-D |CCT
MINIDEND AEI
SUBVISOR T 15
ORAGE DECIMAL &
1, CALC. ZEROIZED
2. M!D DEC. COMPL PAC-R 16
3, M'D NUM. REG, 9(9191919(91 9 9] 91919 9ls8l4]9l9l9l9]19]l99]9] 16
4, S'R DECIMAL 91971919 (919 ol ol ol ololol8lalojo]lalolojololal 9
| 5. M'D SHIFTED DCR AT 22 419191919919 9l 9l olololololololalololololg] 22 CT11
6. S'R DEC. COMPL, 4191919 19l9199lolojolotolololglolojolojolsl 7 CT11
7. S'R NUM. REG, 5 ' 8l 7 CT11
8, STOR. DECIMAL 5 PAG-L 8 1 CT11
9, RES, SHIFTED DCR AT 22 8 |5 22 CT11
10. TEST RIG 815 22 CT11
11. RES,. to STOR. 815 22 CT11
12, B-2 ZEROIZE 815 22 CT11
13. PR. M'D DEC. COMPL. 8 15 6 cT11 |
14, PR. M'D NUM, REG. 815 6 CT1l
15, PR, S'R DECIMAL 8 15 21 CT1l
6. PR, M'D SHIFTED DCR AT 22 |5 8|l 22 CT1l
. PR, S'R DEC, COMFL, 5 PAG-R gl 7 CT11
18, PR. S'R NUM. REG. 4191991919191 9191919l99l9l9l919]9]9l9]9]8] 7 CT11
N9, M'D DECIMAL ' EREREREREREIEIEIEIEIEIEIEFIEIEIEIEIEIEIEFIEEE CT11
P), PR, RES. SHIFTED DCR AT 22 19 (9 19191919 191 91 9/91919/8]4191919{91919}9]9| 22 ] cT11
b1. M'D NUM. REG. +] 1)+ 15 CT11
P1, M'D NUM. REG. 0;0jojoio{o|o0ro0loj0jalolojojojojolo;olojlojlol 22 CT1l
2. 7FRO CHECK PAC-— 22 CT1l
3. SHIFT 10 1 10 CT10
04, 7ZERO_CHECK 10 CT10




€6-0

M-SECTION | A-SECTION
PROCESS REFPOINT INPUT __ COUNTER

1110|9/8|7]|615/4|3|2]|1|ll]lO|9|8|7|6|5/4(3|2|i| DEC|M-D |CCT

10 61 6L &1 &

.
i
E*'
~
N
Lt

L2

‘1(0] :71@1! DECIMAL 16
1. CATLC. ZEROIZED
‘ ! L 12
| 3, M'D NUM, REG, 6| 6] 61 6 12
! AL 6l 6] 6] 6 19
| 5. M'D SHIFTED DCR AT 22 6] 6] 6] 6 22 3
6. S'R DEC, COMPL, 6] 6| 6] 6 15 3
| 7. S'R NUM. REG. 6] 4 5[ 1 15 3
. STOR. DECIMAL 6 4] 51 1 9 3
._%._BES_.._SHIETED_DGRAT 22 511 6] 4f 22 3
TEST RIG 511 6| 4] 22 3
1. RESULT TO STOR. 511 6] 4] 22 3
L2, B-2 ZEROIZE 511 Of 0f 0l 0f 0f 0! 0] 0] Of of 0] 22 g
. PR, M'D DEC. COMPL, 511 6
14, PR, M'D NUM. REG, 511 6] 4| 6
ﬁ% PR. S'R DECIMAL 5/1 6l 4] 13
. PR. M'D SHIFTED DCR AT 22 6] 4] 5] 1 22
7. PR. S'R DEC COMFL 6] 4l 5] 1 15
LL8. PR. S'R NUM. REG. 6] 6/ 6| 6 15
M'D DECIMAL 6| 6] 6] 6 3
90 PR. RES. SHIFTED DCR AT 22 6| 6| 6| 6 22
1. M'D SUBTRACTION ol ol ol 0 22
D2, ZFRQ GHECK ’ | 22
3. _SHTFT 10 , 10 CT10

ZERQ CHECK 10 CT10




CALCULATOR ZEROIZE

Plate 11C

This circuit is employed at the beginning of a Program or Program Step. The circuit
controls the signal required to clear the Computer before beginning a new cal-
culation. The circuit also shows the origination of the signals required to
progress from one Program Step to another.

Operation

This circuit starts its operation when Cam A in the Punch is closed and a card is
in the Sensing Section. Cam A closes at 334° and opens at 30°. The closing of
Cam A is called the Start Pulse and is applied to the RC of EP. EP is a SMS delay
which is used to prevent contact bounce from creating more than one Start Pulse.
The LP of EP goes high to the RI of ESBl. The RP of ESBl goes low to the RC of ESD
palling it right for a delay of 150 us, and also to the RC of EP3 pulling it right.
EP3 going right removes the cutoff clamp from the Timer. -

. The RP of ESD goes low to the RC of ESZA releasing a positive pulse from its RP

to the RC of ESZ. Though not shown, the plates of ESZ are tied in parallel to two
other tubes, EP' and EPX!, to produce a stronger pulse. This pulse released from
- the plates of ESZ is called the ESZ or Step Zeroize Pulse. This pulse is released
tc the LC of all Step and Function Triggers and whichever one is right, will be
returned left.

The LP of ESD going high pulses the RC of ES&l. The RP of ESZ]l releases a nega-
tive pulse to the followings

1. The RC of EP4 for a 1200 us delay to charge the Timer
condenser as shown on plate 34 .

2. The RC of EZB5 which goes right for 300 us. Its RP
goes low for the B5 Zeroize as shown on plate 36.
The LP of EZB5 also goes high to the LC of EZG releasing
a negative pulse at the LP of E&G to kick EzZB2 right for
300 us. The RP of EZB2 goes low for the B2 Zeroize as
shown on plate 36.

3. The RP of EZ which goes right for 450 us. The LP of EZ
goes high to the LI of ERAZ. The LP of ERAZ goes low to
the LI of ERK lowering its cathode which is called the
ERK line. The operation of the ERK line is shown on
Plate 38 . The lowering of the ERK line will result,
when a Step Trigger goes right (ESD left), in raising

the result Storage Keyboard Bias. This opens a Storage
Zeroize Gate, MZ.

The LP of EZ going high to the LI of ERAZ taps off the LD of ERAZ to the grids of
EZB5' a cathode follower to set up the Clamp Circuits as shown on Plate 12.

The RP of EZ goes low to the LI of SKBH and the plates of SKBH gc high to the LI of
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SKBK. The cathode of SKBK goes high to the right grid of all FK stages. This
prevents Storage Read-Out to the Input Decoder at this time. The circuit is shown
on Plate 10.

The LP of ESD while still high raised the LI of ESBl causing the LP of ESBl to go low
and lower the Start Line on the Plugboard. This Start Line can be plugged to the In
hub of any step including Function Steps such as Clear, Set or Trip. Plate 11 shows
the Start Line plugged to the In line of Step 1 which opens the left side of the
Diode Gate 1,2 ED, The Diode Gate operation is shown on Plate 49.

After 150 us ESD returns to the left. The LP of ESD goes low to the LC of ESIA
releasing a positive pulse from the LP of ESIA. The positive pulse from the LP of
ESIA goes to the LC of ESI. Although not shown, the plates of ESI are tied in
parallel to two other tubes, ESI2 and ESI3 to give a stronger pulse. This pulse
released from the plates of ESI is called the ESI or Step Advance Pulse.

This negative pulse goes'to the capacitive points of all ED Gates and Step Advance
Diode Gates. Only one of these Gates is ever open at one given time and in this case
it Is the left side of 1,2 ED. This diode is still open, even though ESD returned
left, and therefore releases a negative pulse from the LP of 1,2 ED to the RD of 1ES,
triggering 1ES right. The LP of 1ES goes high to the LI of 1,2 ESF as shown on

Plate 38. At this time the ERK line is low (EZ right) so the result Storage Zeroize
Gate MZ is opened. :

EZB2 and EZB5 return left completing their respective Zeroize operations. The LP of
EZB5 goes low to the followings

The RC of ESCG releasing a positive pulse on the RP of ESCG to the

LC of ESCG Gate. This Gate is open as long as MC2 is left, no
Complementize Operation. The negative pulse from the LP of ESCG

goes to the RC of EPG and the RC of EMZ kicking EMZ right as a Storage
Clear Guard Delay, this delay is approximately 5MS and its use is shown on
plate 15. The positive pulse from the RP of EPG is fed to the LC of SZK.
The positive pulse from the cathode of SZK hits all MZ Gates. One MZ Gate
is opened, high Storage KB, and that Storage is Zeroized as shown on Plate
10.

EZ, after its full delay of 450 us, returns left. The LP of EZ returning low does
the following;

1. Hits the RC of EM pulling EM right. See Plate 13 for this operation.

2. Goes low to the LI of ERAZ coming off the LP of ERAZ high raising
the ERK line and lowering Storage KB.

3. Goes low to the LI of ERAZ coming off the LD of ERAZ low to grids of
OFZT and EZB5'. EZB5' removes the clamping action. MFZT allows its
RP to go high to the RC of C2. The RP of AC2 releases a negative
pulse to the RP of OFD1. MFD1 goes right for 25 us and while on the
right the LP of AFD1 goes high to the grids of ALD1 and ALD2. The
cathodes of ALD1 and.sLD2 go high to all KBR and FD stages, as
shown on Plate 37. This operation is called the KB Recovery
Operation and occurs also at each Contrcl Ring Pulse Time.
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CLAMP CIRCUITS

Plate 12C

There are certain stages in the Computer which must be held inoperative during a
B-2, B-5 Zeroize. This clamping operation is necessary to prevent transient

pulses, which may occur during Zeroize time, from causing more than one operation
to occur once the Zeroize is completed.

This circuit shows all the clamped stages and their clamp tubes. Stage SM is

not clamped during Zeroize but only whenever the Decimal Counter is being corrected.
The LP of DCCD, during correction, is high to the LI of DN12'. The LD of DN12?

taps off high to the LD of DCCL. The LP of DCCL goes low to the RD of SM which

is the right grid of SM. This clamp prevents SM from conducting on the right
whenever DCCD is right.
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MINIDEND REGISTRATION

Plate 13C

This plate illustrates the controls required to enter the Minidend Decimal Comple-
ment into the Decimal Counter and the Minidend Numerical Value into the Accumulators.
The circuits that do the actual registrations are not shown. Only the circuits re-
quired to control when the operations are to be performed are shown. This circuit

is employed in every process and in every calculating step. The difference from
step to step would be in the decimal or numerical values.

Operation

EZ returns left following the Zeroize operation shown on plate 1ll. The LP of EZ
returns low to the RC of EM pulling EM right. The LP of EM goes high to the LI of
EMA. The LD of EMA taps off high to the LD of DMP raising the LP of DMP to the
following: ,

1. LI of DMG to open the Gate.
2. LP of diode EIA3 to prepare Sign Bias as shown on Plate 43.

3. LI of DMD causing the LP of DMD to go low to the RP of DEM and
LI of DBC. The K-DBC goes low conditioning the Decimal Counter
for a Decimal Complement Registration as shown on Plate 4.

The LP of DEM goes high to the RC of DEAl releasing a negative
pulse from the RP of DEAl, kicking DEA to the right. DEA has a
150 us delay to allow KB to rise., The LP of DEA goes high to
the RC of EBG releasing a negative pulse at the RP of EBG to
kick ICL right. The LP of ICL goes high for 100 us which
causes the 6AU5, VIIC, to conduct causing the Input Recovery
Circuit to operate.

NOTE: Every time DEA functions the Input Recovery
Circuit functions. This is the only plate
where this operation is shown. The Input
Recovery Circuit lowers the input level of
the Input Decoder to prevent the possibility
of a Double Input occurring during the period
of time it takes to change from one KB to
another.

The LP of EM going high to the LI of EMA will lower the LP of EMA and the LI of EMK.
The K-EMK goes low to all EMF stages, as shown on plate 38, and lowers the V1
position on the plugboard. V1 being lowered raises KB for the Minidend to condition
the Decimal Counter and Input Decoder Gates, plates 4 and 6. The LP of EMA goes
low to the LC of diode ENM. This pulses the K-ENM so that the LP of ENM releases a
negative pulse to the RD of PAMD., PAMD has a 250 us delay for KB to rise and, on
its return left, checks for (-) Factor as shown on plate 20.

DEA, after 150 us, returns left and its LP goes low to the RC of DPl starting the
Minidend Decimal Complement Registration as shown on plate 4.
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The completion of this Decimal Registration is a negative pulse to the RC of DAl-16
whose plate releases a positive pulse to the LC of the opened Gate IMG. The LP of
IMG releases a negative pulse to the RP of DRB, triggering DRB right. The RP of
DRB goes low to raise Sign Bias as shown on plate 43 . Raising Sign Bias creates a
cycle of RIG which now registers the value of the Minidend into the Accumulators.

The CX pulse to the LC of DRB signals the completion of the Numerical Registration
and DRB returns left. The RP of DRB returns high to lower Sign Bias and pulse the
LC of EPG. The negative pulse from the LP of EPG is a Control Ring Pulse and, as
shown on plate 39 , returns BM left. The Control Ring Pulse also causes the KB
Recovery Circuit to function through $FD1, ZLD1 and #LD2.

The return of EM left lowers the LP of EM which goes to the RC of ES and ES is

brought right. The Computer now proceeds into the Subvisor Registration Control
Circuit Operation. ,
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SUBVISOR REGISTRATION

Plate 14C

This plate illustrates the controls required to perform the Subvisor functions in
Addition or Subtraction. These functions are:

1. Subvisor True Decimal Registration.

2. Shift Operation to align the M'd Decimal with
the S'r Decimal.

3. Subvisor Decimal Complement Registration.

4. Depending upon the process, the S'r is either
added or subtracted.

Operation

Trigger EM is returned left by a Control Ring Pulse and the LP of EM going low to
the RC of ES triggers ES right. The LP of ES goes high to the LI of ESA. The LP
of ESA goes low to the LI of ESK. The K-ESK goes low to all ESF stages and the ESF
stage with the high input has its plate lowered to pull down the V2 position on the
Plugboard. V2 going low is plugged to a KB Call Line and KB for V2 is raised. KB
conditions the Decimal Gates, Input Decoder Gates and checks for Minus Indication.
The LD of ESA goes high to the RD of EMZ. The RP of EMZ' goes low to the LI of
CGA. The LP of CGA goes high to the LI of CTSG to open the Check Counter to count
the Subvisor shifts as shown on plate 41 . The RP of ES goes low to the LI of EP2
to check on the Process as shown on plate 40 . A high signal is returned from
Process Control to raise the LI of DPG2 and pulse the LC of DEA2. The LP of DEA2
releases a negative pulse to the RP of* DEA, kicking DEA right. DEA has a 150 us
delay for KB to rise and while DEA is right the Input Recovery Circuit functions as
shown on plate 13 . After 150 us DEA returns left and the LP of DEA goes low to the
RC of DPl. This starts a cycle of Decimal Registration as shown on plate 4. This
is the S'r Decimal because the S'r KB is raised. The decimal value will be the
True value at this time because DAM and DEM are conducting on the left so the DBT
line is low and the DBC line is high.

A negative pulse to the RC of DAl-16 from the RP of DIC signifies completion of a
Decimal Registration. The RP of DAl-16 sends a positive pulse to the LC of the

open Gate DPG2. The LP of DPG2 releases a negative pulse to the RC and LC of DAX to
trigger DAX right. The RP of DAX goes low to the RC of DAS pulling DAS right. The
LP of DAS goes high to the LP of diode SI-2. The K-SI-2 goes high to the LD of SMC
to start the Shift Operation for decimal alignment as shown on plate 4.

Decimal alignment is achieved when the Decimal Counter reaches 22 and DCC goes right.
The RP of DCC goes low to the LC of DAS returning DAS left. The LP of DAS going low
stops the Shift Operation. The RP of DAS going high pulses the RC and LC of Gate DG.
The RI of DG is high because EPP is left. The RP of DG releases a negative pulse to
the RP of DAM pulling DAM right. The LP of DAM goes high to the LI of DEM. The RP

of DEM going low to the LI of DBC lowers the K-DBC. The LP of DEM going high to the
LI of DBT raises the K-DBT (Decimal Counter is conditioned for a Decimal Complement
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Registration). The LP of DEM also goes high to the RC of DEAl. The RP of DEAl
releases a negative pulse to the RP of DEA, kicking DEA right. DEA has a 150 us
delay, though not needed at this time, and also causes the KB Recovery to function.
After 150 us DEA returns left and the LP of DEA goes low to the RC of DPl. This
starts a cycle of Decimal Registration as shown on plate 4. This is the S'r

Decimal because the S'r KB is still raised. The decimal value will be the Complement
value as explained above.

A negative pulse to the RC of DA1-16 from the RP of DIC signifies completion of a
Decimal Registration. The RP of DA1-16 sends a positive pulse to the LC of the open
Gate DPG2. The LP of DPG2 releases a negative pulse to the RC and LC of DAX. Since
DAX was right this negative pulse will return DAX left. This same negative pulse to
the LC of DAM returns DAM left. The LP of DAM returns low to bring DEM left and to
the RC of DRB, triggering DRB right.

The RP of DRB goes low to the RI of PSAC to unclamp Sign Bias and start a cycle of
RIG as shown on plates 43 and 5. The completion of a Numerical Registration is
signified by a CX Pulse. The CX Pulse to the LC of DRB returns DRB to the left. The
RP of DRB returns high to lower SB and also to the LC of EPG. The LP of EPG releases
a negative pulse onto the Control Ring. This Control Ring Pulse returns ES left.
This Control Ring Pulse also causes the KB Recovery Circuit to function by kicking
BFD1 as shown on plate 37 . The Computer now proceeds into the Result to Storage
Control Circuit Operation.
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RESULT TO STORAGE

Plate 15C

This plate illustrates the controls required to perform the Result Storage
functions. These functions are:

1. Storage True Decimal Registration.

2. Shift Operation to align the Subvisor Decimal with the
Storage Decimal.

3. A Numerical Registration, Test RIG, of the wvalue in
Storage. If Storage is correctly cleared the value in
Storage at this time is zero.

4, The value in Accumulators, 1A to 10A only, are placed in
Storage.

5. 14 us Set Recovery Delay (EDPZ).

6. The 'A' section, M-D chassis, and CCT Triggers are
Zeroized. (EPZ and EZB2).

This circuit is employed in every Process.

Operation

Trigger ES is returned left by a Control Ring Pulse and the RP of ES goes high to
the RC and LC of Gate MCl. The condition of MCl, in + or - process, is controlled
by the condition of Trigger PAC. The control of PAC is shown on plate 20.

If PAC is right then the left side of MC1l is open for Complementize., If PAC is
left, as this circuit assumes, then the right side of MCl is open. A negative
pulse from the RP of MC1l triggers ER to the right. The RP of ER goes low to the
LC of EBS, (-) Branch Trigger. This is the only means by which EBS is Zeroized.
This method is necessary because use of the PTP prevents EBS being Zeroized by B2
or B5. The LP of ER goes high to the LI of ERA. The LP of ERA goes low to the LI
of ERK. The K-ERK goes low to all ERF stages and the ERF stage with the high input
has its plate lowered to pull down the R position on the Plugboard. R going low is
pluggeﬁ(fo a Storage KB Call. This lowers the input to an FA stage as shown on
plate .

The LD of ERA taps off high to the LD of DRP. The LP of DRP goes high to the RI of
IMG, to open this Gate, and high to the RC of DPGl. The RP of DPGl releases a
negative pulse to the RP of DEA, kicking DEA right. DEA has a 150 us delay for KB
to rise and while DEA is right the Input Recovery Circuit functions as shown on
plate 13 . After 150 us DEA returns left and the LP of DEA goes low to the RC of
DP1. This starts a cycle of Decimal Registration as shown on plate 4. This is

the Result Decimal because the Result or Storage KB is raised. The decimal value
will be the True value because the DBT cathode line is low as conditioned during the
ES operation.
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A negative pulse to the RC of DA1-16 from the RP of DIC signifies completion of a
Decimal Registration. The RP of DAl-16 sends a positive pulse to the RC of the open
Gate DMG. The RP of DMG releases a negative pulse to the RP of DRS triggering DRS
right. The LP of DRS goes high to the RP of diode SI-2. The K-SI2 goes high to the
LD of SMC to start the Shift Operation for decimal aligrment as shown on plate 4.

Decimal alignment is achieved when the Decimal Counter reaches 22 and DCC goes right.
The RP of DCC goes low to the LC of DRS returning DRS left. The LP of DRS going low
stops the Shift Operation. The LP of DRS also goes low to the RC of MST, triggering
MST right. The RP of MST goes low to the LI of MSI. The plates of MSI are tied
together so both inputs of MSI must be low in order for the plates of MSI to go high.
The RI of MSI is controlled by the LP of EMZ, EMZ is a Flip Flop of 5MS delay which
was kicked by the return of EZB5, plate 11 . The purpose of EMZ delay is to delay

the Test RIG Operation until the Storage Clear Operation is completed. When EMZ returns
left the LP of EMZ goes low to the RI of MSI so now both sides of MSI are cutoff. The
plates of MSI are free to go high. The high from MSI raises the LI of MSA. The LP
of MSA goes low to the RC of MZT, triggering MaT right. The LP of MZT goes high to
the LI of M&R. The LP of MZR goes low to the LI of PABA to raise the Add Bias and
call for the Test RIG as shown on plate 43.

The completion of & Numerical Registration is signified by a CX Pulse. The CX Pulse
to the LC of MZT returns MZT left. The LP of MZT going low lowers SB.

The LP of MZT goes low to the RC of MS, kicking MS right. MS is a 150 us delay Flip
Flop which originates the Storage Set Signal. The RP of MS goes low to the LI of MSK.
The K-MSK goes low to the LC of MSKA as shown on plate 10 . The result, in Accumlators
1A-10A, is now placed in Storage. The LP of MS goes high to the LC of EBG to check

for (-) Branching as shown on plate 38.

After 150 us, MS returns left to complete the Storage Set Pulse. The RP of MS returns
high to the RC of DPG2. The RP of DPG2 releases a negative pulse onto the Control

' Ring and ER is returned left. This is a Control Ring Pulse so the KB Recovery Circuit
again functions as shown on plate 37.

The LP of ER returns low to the RC of EDPZ. EDPZ is a 14 us delay to allow the
Storage Set Lines time to recover.

After 14 us, EDPZ returns left. The LP of EDPZ returns low to the RC of EPZ, kicking
EPZ right. EPZ is a 450 us delay to allow sufficient time for the B2 Zeroize. The
LP of EPZ goes high to the RC of EZG. The RP of EZG releases a negative pulse to
trigger EZB2 right. The RP of EZB2 goes low to initiate the B2 Zeroize as shown on
plate 36. EZB2 has a 300 us delay.

After 450 us, EPZ returns left. The LP of EPZ returns low to the RC of EPM, triggering
EPM right. The Computer now proceeds into the Proof Minidend Control Circuit Operation.
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PROOF MINIDEND - STORAGE REGISTRATION

Plate 16C

This plate illustrates the controls required to perform the Proof Minidend functions
which are:

1. Proof Minidend (Storage) Decimal Complement Registration.
2. Proof Minidend (Storage) Numerical Registration.

This circuit is employed in every Process. The control circuits from this circuit
through and including Zero Check are employed for proof purposes only. The answer
for the step has been calculated and placed in Storage. The following sequence of
control circuits are an automatic check on the calculation.

Operation

Flip Flop EPZ returning left goes low to the RC of EPM, triggering EPM right. The
RP of EPM goes low to the diode ENM1 to check for Minus Factor as shown on plate 20.

The LP of EPM goes high to the RI of ERA. The RP of ERA goes low to the LI of ERK.
The K~ERK goes low to all ERF stages and the ERF stage with the high input has its

plate lowered to pull down the R position on the Plugboard. R going low is plugged
to a Storage KB Call. This lowers the input to a FA stage as shown on plate 10.

The LP of EPM goes high to the LI of EPMA., The LP of EPMA goes low to the RP of DMP.
The LP of IDMP goes high to the followings

1. LP of diode EIA3 raising its left cathode to prepare SB.
2. LI of Gate DMG to condition this Gate open for future use.
3. LI of DMD lowering the LP of IMD.

The LP of IMD goes low to the RP of DEM, pulling DEM right. The RP of DEM goes low
to the LI of DBC conditioning the Decimal Complement Gates in the Decimal Counter

as shown on plate 4. The LP of DEM goes high to the RC of DEAl. The RP of DEAl
releases a negative pulse to the RP of DEA, kicking DEA right. DEA has a 150 us
delay for KB to rise and while DEA is right the Input Recovery Circuit functions as
shown on plate 13. After 150 us DEA returns left and the LP of DEA goes low to the
RC of DP1l. This starts a cycle of Decimal Registration as shown on plate 4. This
is the Storage Decimal because the Storage KB is raised at this time. The decimal
value will be the Complement as explained above.

A negative pulse to the RC of DAl-16 from the RP of DIC signifies completion of
Decimal Registration. The RP of DAl-16 sends a positive pulse to the LC of the
open Gate IMG. The LP of IMG releases a negative pulse to the RP of DRB, triggering
DRB right.

The RP of DRB goes low to the RI of PSAC to unclamp SB and start a cycle of RIG as
shown on plates 43 and 5. The Add Bias will always be raised at this time. The

C-63



completion of a Numerical Registration is signified by a CX Pulse. The CX Pulse to
the LC of DRB returns DRB to the left. The RP of DRB returns high to lower SB and
also high to the LC of EPG. The LP of EPG releases a negative pulse to the Control
Ring. This Control Ring Pulse returns EPM left. This Control Ring Pulse also causes
the KB Recovery Circuit to function by kicking BFD1 as shown on plate 37 . The
Computer now proceeds into the Proof Subvisor Control Circuit Operation.

PROOF SUBVISOR - SUBVISOR REGISTRATION
Plate 17C
This plate illustrates the controls required to perform the Proof Subvisor (Subvisor)
functions in Addition or Subtraction. These functions are:

1. Proof Subvisor (Subvisor) True Decimal Registration.

2. Shift Operation to align the Proof M'd Decimal with the
Proof S'r Decimal.

3. Proof Subvisor (Subvisor) Decimal Complement Registration.

4. Depending upon the Process the Proof S'r is either added
or subtracted.

Operation

Trigger EPM is returned left by a Control Ring Pulse and the LP of EPM going low to the
RC of EPS triggers EPS right.

The circuit operation is identical to the Subvisor Registration on plate 14. There
are only two exceptions which are:

1. The right side of ESA is used.

2. The Check Counter is not opened to shifts because the right
side of ESA is used.

The Control Ring Pulse from the LP of EPG returns EPS left. This Control Ring Pulée

also causes the KB Recovery Circuit to function by kicking SFD1 as shown on plate 37.
The Computer now proceeds into the Minidend Subtraction Control Circuit Operation.
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MINIDEND SUBTRACTION

Plate 18C

This plate illustrates the controls required to perform Minidend Subtraction
functions in the various Processes. The functions are as follows:

1. Minidend True Decimal Registration.

2. Shift Operation to align the Proof S'r Decimal with
the M¥d Decimal.

NOTE: In x or + Process the Shift Pulses are also
counted in the Check Counter.

3. The Minidend Numerical Registration is made,
generally subtraction.

NOTE: In x or + Process a Carry Block is
established between Accumulators IM and 2M.
In + or - process if Trigger PAC is right
a one is added in Accumulator 1M.

Ogeration

Trigger EPS is returned left by a Control Ring Pulse and the LP of EPS going low
to the RC of EPP triggers EPP right. The LP of EPP goes high to the LI of ECBl.
The LD of ECBLl taps off high to the RD of EMA. The RP of EMA goes low to the LI
of BMK. The K-EMK goes low to all EMF stages, as shown on plate 38, and lowers
the V1 position on the Plugboard. V1 being lowered raises KB for the M'd. KB
conditions Input Decoder Gates, Decimal Gates and checks for Minus Indication.

The RP of EPP goes low to the RI of ECBl. The RP of ECBl goes high to the
following: ‘

1. LI of Gate DG to open this Gate for future use.

2. Plates of diode EPPM to raise its cathodes to prepare
SB and open Gate DPG2 for future use.

3. The RC of MSA.

The RP of MSA releases a negative pulse to the RP of DEA, kicking DEA right. DEA
has a 150 us delay for KB to rise and while DEA is right the Input Recovery Circuit
functions as shown on plate 13 . After 150 us DEA returns left and the LP of DEA
goes low to the RC of DPl. This starts a cycle of Decimal Registration as shown on
plate 4. This is the M'd Decimal because the M'd KB is raised. The decimal

value will be the True value because the DBT cathode will be low as conditioned
during the EPS operation.

A negative pulse to the RC of DAl-16 from the RP of DIC signifies completion of a
Decimal Reglstration. The RP of DAl-16 sends a positive pulse to the LC of the open
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Gate DPG2. The LP of DPG2 releases a negative pulse to the RC and LC points of
Trigger DAX to kick DAX right. The RP of DAX goes low to the RC of DAS pulling DAS
right. The LP of DAS goes high to the LP of diode SI-2. The K-SI-2 goes high to the
LD of SMC to start the Shift Operation for decimal alignment as shown on plate 4.

NOTE: In X or + Process only, the Check Counter is opened to count
shifts as shown on plate 41 . The X or + Process from the LD
of PPI goes low to the RD of CPMD. This cuts off the RP of
CPMD. The RP of EPP is low to the RI of ECBl. The LD of
ECB1 taps off low to the LD of EMZ'. The LP of EMZ' is cut
off. The LP of EMZ' and RP of, CPMD are free to go high to
the LI of CPMD. The LP of CPMD goes low to the LI of CGA.
The LP of CGA is cut off. CT10 and CT1l are both always
left at this time. The RP of CT1l is high to the RD of DCK2. The
RP of DCK2 is low to the RI of CCM. The RP of CCM is cut off.
The LP of CGA and RP of CCM are free to go high to the LI of CTSG,
opening this Gate. The Shift Pulses occurring during EPP in X or
+ Process will pass through the open CTSG Gate and accumulate in
the CCT. )

Decimal alignment is achieved when the Decimal Counter reaches 22 and DCC goes right.
The RP of DCC goes low to the LC of DAS returning DAS left. The LP of DAS going low
stops the Shift Operation. The RP of DAS going high pulses the RC and LC of Gate DG.
The LI of DG is high since EPP is right. The LP of DG releases a negative pulse to
the RP of DRB, pulling DRB right.

The RP of DRB goes low to the RI of PSAC to raise SB and call for a cycle of RIG as
shown on plates 43 and 5.

NOTE: In + or - Process PAC may be right. PAC would go right if an
overcarry at 11A or 11M occurs during EPS Control Circuit time.
Whenever this overcarry occurs, legitimately, the Add Bias will
be raised during EPP Numerical Registration. The RP of PAC
being low cuts off the left side of CPDE. The right side of CPDE
is cut off from the low level off the RD of ECBl. The plates of
CODE are free to go high to the RP of diode C9R. This raises the
right cathode of diode C9R and raises the LI of Gate Il-11. The
RIG1* Pulse occurring during the EPP Numerical Registration passes
through this open I1-11 Gate to put a negative pulse on the IM
0dd Line. The M Section would be all nines so a series of overcarries
would result leaving the A Section zero and a 1 in the Accumulator
IM when all carries are satisfied.

In X or + Process the LP of EMZ and RP of CPMD are free to go
high as previously shown. The LI of CPMD goes high and the LD

of CPMD taps off high to the LD of ECB2. The LP tap point, pin 8,
goes low to the left bias of Accumulator IM AC stage. This blocks
carries from Accumulator IM to M.

The completion of a Numerical Registration is signified by a CX Pulse. The CX Pulse
to the LC of DRB returns DRB to the left. The RP of DRB returns high to lower SB and
also high to the LC of EPG. The LP of EPG releases a negative pulse to the Control
Ring. This Control Ring Pulse returns EPP to the left. At this time the Accumulators
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1A to 10A must be zero in + or - and may be zero or all nines in x or + in order
to be able to prove a good calculation. This check is indicated in the Zero Check.
Zero Check is the next control circuit operation.
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ZERO CHECK

Plate 19C

This plate illustrates the controls required, in all processes, to determine if a
calculation has been successfully performed. Addition and Subtraction controls
vary, somewhat, from the Multiplication and Division controls.

I Addition and Subtraction

A. Zero Check (1A-10A)
B. 10 Shifts
C. Zero Check (1A-104)
D. BGD (Step Advance and Step Zeroize)
NOTE: If either Zero Check is unsuccessful the
Computer does not continue until that step
has been repeated and successful Zero Checks

made.

IT Multiplication and Division

A. Shift to bring CCT to count of 10 (if necessary)
B. Zero Check
1. Successful
a. EGD
2. Unsuccessful
a. Adds a one to Accumulator 1A.
b. Zero Check
(1) Successful
(a) EGD
(2) Unsuccessful
(b) Computer cannot continue. Step repeat.

Zero Check Control Operation

Each I0 Chassis has an Output Decoder Section.and it is from this section that the
Zero or non-zero indication is derived. Each Accumulator, 1A through 10A, has its

TW and T1 Trigger indication fed to the Output Decoder. When Tl is left and ™ right
the Accumulator is at zero.
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Trigger T1 being left is low to MO and the K-MO is low to the K-MA9. Trigger T¥ being
right is high to MA9. MA9 now has a high grid and low cathode so the LP of MA9 is
free to conduct and lower the right grid of MOCC. The above control is present in
each IO Chassis. The right cathodes of the MOCC stage of each IO Chassis are tied
together. When all 10 IO Chassis are zero this cathode line is low but any one IO
Chassis decoding a value will raise this cathode line.

The right cathodes of all MBCC stages, Zero Check (1A-10A), are fed low to the LI of
goc. 596 and f9C1 are in parallel so both stages are cutoff. The plates of B9C and
P9C1 go high to the LI of fM. The LP of fM is low to the LI of B9SM and HISM1.

The left sides of f9SM and B9SM1 are cutoff. The right sides of B9SM and B9SM1 are
also cutoff by the low level from the LP of PAT. (PAT is the Sign Check Trigger used
in x or +. See plate 20). The plates of P9M and PISM1 are free to go high. This
is always the case when a true Zero Check occurs. Whenever a Zero Check occurs the
high level from the plates of f9SM and S9SM1 will open the following Gates:

1. CPPG - left side
2. C9G - left side
3. CfG - right side

Regardless of the process the preceding controls and operations are the same.

Addition and Subtraction Zero Check Operation

This explanation is given with the assumption a Zero Check occurs.

Trigger EPP is returned left by a Control Ring Pulse. The LP of EPP returns low to
the RC of CfD. CPD goes right for 100 us. The purpose of this 100 us delay is to
allow time for the Zero Check lines to stabilize. After 100 us GOD returns left.

The RP of CPD goes high to the RC and LC of Gate COPG. The right side of GOFG is
closed by x and + Process. The left side of COPG is opened by Zero Check. The LP of
COPG releases a negative pulse to the RC and LC of the Diode Gate CODG. Gate CODG is
controlled by the condition of CT10 in the Check Counter.

NOTE: The count in the Check Counter at this time is always zero
in a + or - Process. CT10 is left so the LP of CT10 is
low to RI of CGA. The RP of CGA is high to the LI of CHDD
and RI of CADG. The LP of CODD is low to the LI of GADG.
The left side of DG is open and the right side closed.

The LP of GfDG releases a negative pulse to the RD of CfCS, triggering COCS right.
The LP of GACS goes high to the LP of diode ENMl. The left cathode of ENM1 raises
the LD of SMC to start a Shift Operation. ‘

NOTE: The purpose of this Shift Operation is to shift exactly 10
times. These 10 shifts bring the values of Accumulators
2M to 11M into Accumulators 1A to 1JA. The values are zero
when the step 1s correct. The Decimal Counter is of no
value to indicate a total of 10 so the Check Counter and
Trigger CT10 is employed. )
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The RP of COCS goes low to the RI of CADD. The RP of CODD goes high to the RI of
CTSG to open the Gate. This Gate is pulsed by Shift Pulses and the output of the
Gate goes to CT1 which is part of the Check Counter. The Check Counter counts
each Shift Pulse. At the 10th Shift Pulse CT10 is pulled right. The LP of CT10
goes high to the RI of CGA. The RP of CGA goes low to the LC of CHCS, triggering
CACS left. CACS returning left stops the Shift Operation and closes Gate CTSG.
Exactly 10 shifts have occurred.

The LP of CACS returns low to the RC of CPDA, kicking CODA right. CPDA has a 100
us delay to allow the Zero Check lines to stabilize. After 100 us CODA returns
left. The LP of CADA goes low to the RC of C9G. The RP of C9G releases a positive
pulse to the RC and LC of CPG. The left side of COG is closed by x and + Process.
The right side of CPG is opened by Zero Check. The RP of CfG releases a negative
~pulse to the RP of EGD. EGD being pulsed advances the Computer into the next
Program Step (as shown on plate 11 .)

In Addition or Subtraction both Zero Checks must be present in order for the circuits
to continue functioning. Lack of either Zero Check will cease circuit operation
until a repeat signal is given from the Timer Circuit.

Multiplication and Division Zero Check Operation

Trigger EPP is returned left by a Control Ring Pulse. The LP of EPP returns low to
the RC of CAD. COD goes right for 100 us. The purpose of this 100 us delay is to
allow time for the Zero Check lines to stabilize. After 100 us COD returns left.
The RP of COD goes high to the RC and LC of Gate CODG.

NOTE: Both sides of COPG are open. The left side is opened by
Zero Check. The right side is opened by x or <+ Process.
The x or + Process Line is low to the RD of ERAZ. The
RP of ERAZ is high to the RI of COPG opening the Gate. In this par-
ticular example both sides are open but only the right side is
always open in x or + Process.

The plates of COPG release a negative pulse to the RC and LC of the Diode Gate CODG .

NOTE: The Diode Gate CODG is conditioned on both sides by the

Check Counter Trigger CT10. If CT10 is left the left side
of CODG is open and if CT10 is right the right side of CODG
is open as shown on plate 19. The CCT is opened to count
shifts during EPP in x or + only. As shown on the problem
sheet, the Proof Result always has its first digit in 11 M when
shifting starts during EPP. The number of shifts required during
EPP can vary from zero (22) up to a total of 10. The object of
this proof system is to have the Proof Result shifted a total of
10 times before a Zero Check is attempted. This total of 10 is

- indicated when CT10 goes right. If CT10 is right, the total of
10 shifts has occurred so the right side of CADG being open
pulses CODA directly. The following is an explanation assuming
CT10 is still to be left.

The left side of the Diode Gate CODG is open so the LP of CHDG releases a negative

pulse to the RD of C@CS, triggering CHCS right. The LP of_CﬂCS goes high to the
LP of diode ENM1. The left cathode of ENM1 raises the LD of SMC to start a Shift
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Operation.

NOTE: This time the CCT may have some count already present so the
number of shifts required will vary depending upon the M'd value
and M'd decimal position.

The RP of COCS goes low to the RI of CODD. The RP of CADD goes high to the RI of
the Gate CTSG. This open Gate, CTSG, passes the Shift Pulses into the CCT. A
count of 10 in the CCT is indicated by CT10 going right. The LP of CT10 goes high
to the RI of CGA. The RP of CGA goes low to the LC of COCS, triggering CACS left.
COCS returning left stops the Shift Operation and closes Gate CTSG.

The LP of CHCS returns low to the RC of CODA, kicking CODA right. CPDA has a 100
us delay to allow the Zero Check lines to stabilize. After 100 us, CACS returns
left. The LP of CODA goes low to the RC of C9G. The RP of C9G releases a positive
pulse to the RC and LC of Gate CAG.

Up to this point the circuitry has made no definite attempt to differentiate be-
cause of lack of a Zero Check. At Gate COG this attempt is made.

First, assume the 1A-10A Accumulators are zero and the right side of CAG is open.
The left side of COG is also opened by the X or + Process. The negative pulse re-
leased from the RP of CAG kicks EGD to bring about Step Advance and Step Zeroize.
The EGD operation will nullify any operations begun by a pulse from the LP of caG.

Secondly, assume the A Section does not indicate all zeros. The right side of CAG

" is closed so EGD cannot be pulsed. The negative pulse released from the LP of coG
is effective and kicks C9T right. The LP of CI9T goes high and the following results
occur:

1. A neon in SK2 is fired to raise the RD of DCCL and lower the cathode
of CX as shown on plate 48. This will nullify the KB Detector Circuit.
C9T does not raise a KB so a false KB, via SK2 is required to open CX.

2. The grids of FUCB are raised so both plates of EOCB conduct. The LP
of EOCB lowers the left bias of Accumulator 1M AC stage to prevent
Carry Out to Accumulator 2M. The RP of EACB lowers the LI of PABA
to raise Add Bias and call for a cycle of RIG.

3. The left bias of ESCB taps off high to the LD of EOCA to open the
Gate. The RIG1' Pulse from the cycle of RIG goes through this open
Gate to put a negative pulse on the 1A Odd Line.

Assuming the A Section to be all nines the negative pulse to Accumulator 1A will
bring these nines to zero. The completion of a Numerical Registration is signified
by a CX Pulse. The CX Pulse to the RC of C9D pulls CI9D right. C9D has a 100 us
delay to allow the Zero Check lines to stabilize.

After 100 us C9D returns left, the LP of C9D goes low to the LC of C9T, triggering
CIT left. The RP of CI9T returns high to the LC of Gate C9G. The LI of C9 is
controlled by the Zero Check Line. Assuming Accumulators 1A-10A to be zero this
Gate is open. The LP of C9G releases a negative pulse to the RP of EGD. EGD being
pulsed advances the Computer into the next Program Step as shown on plate 11.

In the event Gate C9G has been closed because of a Non-Zero Check the circuit
operation would cease until a repeat signal occurs from the Timer Circuit.
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COMPLEMENTIZE

Plate 20C

Complementize is the term employed, in an Addition or Subtraction Process, when the
numerical result is negative. The actual value, not the complement, must be placed
in Storage. Whenever the answer is negative, because of a subtraction, the normal
Computer operation gives a complement answer. A subtraction is the difference
between two numbers. For example: 8-5 = 3 or 5-8 = -3. The difference between
the two subtractions is the sign of the answer. In Complementize this fact is used
so that when an answer is negative the signs of the two numbers are reversed giving
a true value instead of a complement value. The negative sign of the answer is re-
tained to go with the true value.

Operation

The operation of this circuit covers the entire control circuit time from EM to
EPP. To assist in tracing this circuit the Work Sheet problem will be used as a
typical example of the circuit operation.

Line 1

Calculator Zeroize - All Triggers on this circuit are Zeroized left.
Line 2

Minidend Decimal Complement - At this time EM is right so the LP-EM is high
to the LI-EMA. The LP-EMA goes low through the diode ENM to pull PAMD
right. PAMD is a 250 us delay for KB to rise.

KB conditions the Minus Neon Common Line low (no negative value). MC4 is
cut off because of this low line. The LP-MC4 is high to LI-MC5 so the
plates of MC5 are low to the RP-MCX. The RP-MC4 is tied to the LP-MC6.
MC6 has a low plate since the RP of MC2 is high to the LI of MC6. This
holds the LP-MCX low. Both plates of diode MCX are low so the cathodes
of MCX are low to Gate PSIG, holding this Gate closed. After 250 us
PAMD returns left sending its RP high to the LC of the closed Gate PSIG.
PSIG being closed stops the circuit operation at this point.

Line 3

Minidend Numeric Registration - This registration has no function in
this circuit at this time.

Line 4

Subvisor Decimal - This operation is the same as line 2 except ES and ESA
are used instead of EM and EMA. The subvisor is a positive number even
though it is to be subtracted (Subtract Process).

Line 5

Minidend Shifted until the Decimal Counter reaches 22 - This Shift
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Operation requires 21 shifts, according to the work sheet. The first 16 of
these shifts are counted in the Check Counter (see plate 41 ). These shifts
will cause CT1ll to go right. CT1l controls the conditioning of Gate PSOC.
CT1l will be right, and will open the left side of PSOC and close the right
side of PSOC.

6

Subvisor Decimal Complement - This operation has no function in this circuit.

7

Subvisor Numeric Registration -~ The Subvisor value is larger than the
Minidend Value so when the subtraction takes place a series of overcarries
will occur. Accumulator 11A goes into overcarry and when the TC Trigger in
11A is returned left the RP-AC returns high to the LI of PS11l. The RP-PS11
returns low to the RC and RI points of P11C. The RP of P11C releases a
positive pulse to pin 6 and out pin 5 to the LC of PSOC. This Gate was
previously conditioned open. The LP-PSOC releases a negative pulse to the
RC and LC of PAC, triggering PAC right. PAC going right closes the right
side of MCl and opens the left side of MCl.

The overcarries continue around to Accumulator 11M. The TC Trigger in 11M
goes right and the RP-AC goes low to the LI of ClIM. The RP-C11M goes high
to the RC of PSOC. The right side of PSOC was previously conditioned closed
(CT11 is right). ' , -

The S'r Numerical Registration is completed (CX Pulse) and a Control Ring
Pulse is released. The Control Ring Pulse returns ES left. The RP-ES
returns high to the RC and LC of Gate MCl. As previously stated, the left
side of MCl is open (PAC right). The LP-MCl releases a negative pulse to
the RP of MC2, triggering MC2 right.

8

Calculator Zeroize - MC2 goes right and the LP-MC2 goes high to the RC of
MC6. The RP-MC6 releases a negative pulse to the RP of Ef. When EZ is
pulsed the step is started over and all Triggers, except MC2, in this
circuit are Zeroized left.

9

Minidend Decimal Complement ~ As stated under line 2 PAMD is pulsed right
for 250 us. The Minus Neon Common Line is still low which holds the RP of
MC4 cutoff. MC2 being on the right holds the LP of MC6 cutoff. The high
from the RP-MC4 and LP-MC6 raises the LP of diode MCX. The cathodes of
MCX go high to the LI of PSIG and open this Gate.

After 250 us PAMD returns left and the RP-PAMD goes high to the LC of the open
Gate PSIG. The LP-PSIG releases a negative pulse to the RC-PSIG. The
RP-PSIG releases a positive pulse to the RC and LC of Gate PS.

NOTE: The Process is Subtraction so the RK-PIAS is low. The
RP-PIAS is low to the RI-PPI. The RP-PPI is high to
the LI-PS opening this side of the Gate. The right side
of PS is closed because of no x or + Process
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The LP-FS releases a negative pulse to the RC of PAM, triggering PAM
right. PAM being on the right will reverse the normal SB procedure
as shown on plate 44.

10

Minidend Numeric Registration - The M'd is normally added but because
PAM is right, as explained under line 9, the Subtract Bias will be
raised. The Accumulators were zero so when the M'd was subtracted a
series of overcarries will oecur. Accumulator 1lA goes into overcarry
and when the TC Trigger in 11A is returned left the RP-TC returns high
to the LI of PS1l. The RP-PS1l returns low to the RC, RI points of
P11C. The RP-P11C releases a positive pulse to pin 6 and out pin 5 to
the LC of P30C. The Gate is closed.

NOTE: CT1l was Zeroized left on line 8. This opens the
right side of PSOC and closes the left side.

The overcarries continue around to Accumulator 1IM. The TC Trigger in
11IM goes right and the RP-TC goes low to the LI of CllM. The RP-C11M

"goes high to the RC of PSOC. This side of the Gate is open so the RP-

PSOC releases a negative pulse to the RC and LC of PAC, triggering PAC
right.

The M'd Numerical Registration is completed (CX Pulse) leaving the M'd
complement value in the Accumulators. DRB returns left to kick PDAM
right for 25 us. PDAM returns left sending its LP low to return PAM
left.

11

Subvisor Decimal - This operation is the same as line 9. PAM again
will be triggered right.

12

Minidend Shifted until the Decimal Counter reaches 22 - This operation
is the same as line 5. C7T11 again will be triggered right.

13

Subvisor Decimal Complement - This operation has no function in this
circuit. ‘

14

Subvisor Numerical Registration - The S'r value is larger than the M'd
value so when the addition takes place (PAM is right) another series
of overcarries will occur. Accumulator 1]A goes into overcarry and
when the TC Trigger in 11A is returned left the RP-TC returns high to
the LI of PS1l. The RP-PS11 returns low the RI, RC points of P1l1C.
The RP of P11C releases a positive pulse to pin 6 and out pin 5 to the
LC of PSOC. This Gate was conditioned open on line 12 when CT1l went
right. The LP-PSOC releases a negative pulse to the RC and LC of PAGC,
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triggering PAC back left (went right on line 10). PAC returning left opens
the right side of MCl and closes the left side of MC1.

The overcarries continue around to Accumulator 11M. The TC Trigger in 11M
goes right and the RP-TC goes low to the LI of C1IM. The RP-C1IM goes high
to the RC of PSOC. The right side of PSOC was previously conditioned closed
(CT11 is right).

The S'r Numerical Registration is completed (CX Pulse) and a Control Ring
Pulse is released. At this same time DRB kicks PDAM right for 25 us. PDAM,
on its return, goes low to the LC of PAM returning PAM left. The Control
Ring Pulse returns ES left. :The RP-ES returns high to the RC and LC of

Gate MCl. As previously stated, the right side of MC1l is open (PAC is left).
The RP-MC1 releases a negative pulse to the RP of ER, triggering ER right.

15
Storage Decimal - This operation has no function in this circuit.
16

Result is shifted until the Decimal Counter reaches 22 - This operation has
no function in this circuit.

17

Test RIG - This operation has no function in this circuit.

18

Result is placed in Storage - The numerical value has been aligned with the
Storage Decimal and is held in the Accumulators ready to be set in Storage.

Flip Flop MS goes right to set Storage. The value is correct in the
Accumulators but a negative sign must accompany this value. MC2 is right and

the RP-MC2 is low to the LI-MC6. The LD of MC6 goes low to the RD of MC7.

The RP of MC7 is cutoff but is connected to the LP of #C2 which must also be
cutoff in order for this line to be free to go high. The result has a
numerical value so the Zero Check lines to the grids of $9C will be high.

The plates of B9C are low to the LI of #9M, tapping off low to the LD of £C2.
£C2 is cutoff so the LP-fC2 and RP-MC7 are free to go high to the LI of MCS8.
The LP-MC8 goes low to the LI of SSRO to condition firing the Minus Bit as
shown on plate 46 . The LP-MC8 also goes low to the LI of MC7. The LP-MC7
goes high to open the Minus Branch Gate EBG as shown on plate 38,

NOTE: In the event the result, in the A Section, is zero at
this time, both Minus Branching and conditioning the
Minus Bit would be defeated. Any zero answer will always
be a positive indication.
19
B-2 Zeroize - This operation has no function in this circuit.

NOTE: CT1l is not B-2 Zeroized.
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20

Proof Minidend Decimal Complement - This operation is the same as
line 9 except EPM and ENM| are employed to kick PAMD. PAM is again
triggered right.

21

Proof Minidend Numerical Registration - The result is a negative value
but PAM is left so the Add Bias will be raised and the Result value

“added into the Accumulators. When the cycle of RIG is completed

(CX Pulse) DRB returns left to kick PDAM. PDAM returns left after 25
us to return PAM left.

22

Proof Subvisor Decimal - Same as line 11.

Line

Line

Line

Line

Line

23

Proof Minidend shifted until the Decimal Counter reaches 22 - This
operation has no function in this circuit.

24
Proof Subvisor Decimal Complement - Same as line 13,
25

Proof Subvisor Numerical Registration - The Proof Subvisor value will
be subtracted since PAM is on the right. The Proof S'r value is
larger than the Result value so a series of overcarries will result.
Accumulator 11A goes into overcarry and when the TC Trigger in 11A is
returned left the RP-TC returns high to the LI of PS11. The RP-PS11
returns low to the RI, RC points of P11C. The RP-P11C releases a
positive pulse to pin 6 and out pin 5, to the LC of PSOC. This Gate
was conditioned open on line 12 when CT11 went right. The LP-PSOC
releases a negative pulse to the RC and LC of PAC, triggering PAC
right.

The overcarries continue around to Accumulator 11M. The TC Trigger in

11M goes right and the RP-TC goes low to the LI of C11M. The RP-C11M
goes high to the RC of PSOC. The right side of PSOC was previously
conditioned closed (CT11 is right).

The completicn of the Proof S'r Numerical Registration (CX Pulse) returns
DRB left to kick PDAM. After 25 us PDAM returns left to kick PAM back left.

26

Minidend Decimal - This operation is the same as line 9 except EPP is used
instead of EM,

27

Procf Result Shifted until the Decimal Counter reaches 22 - This
operation has no function in this ecircuit.
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28

Minidend Numerical Registration - This operation does not have a direct
bearing on this circuit but some explanation will be given to show how
the Accumulators become zero. As shown on plate 18, the fact that PAC
and EPP are both right, allows the RIG1' Pulse to be ‘released onto the
IM 0dd Line. 1M has a nine value so the addition of the one creates an
overcarry. All other Accumulators are nines so this overcarry is
extended to all other Accumulators. The carries are finally satisfied
when 11A completes its carry-out to put a one in IM. This enables the
Accumylators to be zero when the Zero Check Operation is called for.

29

Zero Check - This operation has no function in this circuit.
30 |

Shift 10 - This operation has no function in this circuit.

31

Zero Check - This operation has no function in this circuit.
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8L-D

M-SECTION

A-SECTION

CALC. DEC. , ~1
PROCESS REF.POINT INPUT COUNTER
Ipo|o(s|riels/4|3(2|1|1ijl0|jo|8(7(6|5/4(3(2|I| DEC|M-D |[CCT
\ 12 1{ 1] 1 1 '
gagglgiﬁR 13 3l 3] 3] 3
' DECIMAL 16
1. CALC. ZEROIZE
2. M'D DEC. COMPL 10
3. M'D NIM. REG. 3t 1l 1 10
L 4, S'R DECIMAT 1l 1 33 1
5. M'D SHTFTED DCR AT 22 i | , 22
6. S'R DEC, COMPL, PAC- 0 10 31 1 | CT11
7. S'R NUM, REG. 91919191919 191 9 9 91 9]l 9] 9l 9] of 71 71 71 71 9} 91 9 9 CT11
8. CALC. ZERQIZE pgloloioioloiol oL ol ol Oloj ol ol ol ol ol 0jo010fopo 0 0
9, M'D DEC. COMPL. PAC- ‘ 10 0
. M'D NUM. REG. 9191919191919 9] 9] 9l 9] 9| 9] 9] 8 8| 8] 8] .91 9] 9] 91 10 0
. S'R DECIMAL 9l19]919191919] 9 of 9/ 9] 9] 9] 9] g 8 8| 81 9 9| 9] 9 1 0
2. M'D SHIFTED DCR AT 22 9191919191919 1 9] 9] 91 9 9] 9 9] 91 8 8 8| 8] 91 9] 91 22 CT11
! >. COMPIL,, 9191919191919 9] 9] 91 9] 9| 9] 9] 91 8 8] 8] 9] 9] 9 9 CT11
4, S'R NUM. REG. PAC- ol 21 21 2 : 9 CT11
STO CIMAL 21 21 21 2 3. CT11
6. RES, SHIFTED DCR AT 22 21 21 21 2 22 CT11
17. TEST RIG 2l 21 21 21 22 CT11
8. RES. TO. STOR. 21 21 21 21 22 CT11
19,  B-2 ZEROIZE ol ol ol Ol O Ol 0l 0 Q] Ol O 22 CT11
0. PR. M'D. DEC. COMPL. > 6 CT11
Rl. PR, M'D NIM, REG 2l 21 21 2 6 CT11
b2, PR. S'R DECIMAL 2t 21 21 21 19 CT11
3. PR. M'D SHIFTED DCR AT 22 21 21 21 2 22 CT11
b4, PR. S'R DEC. COMPL. PAC-R 2l 21 21 2 9
D5, PR. S'R NUM. REG. 9191919191919 9 9 9 9 9 9 9] 9 8 8/, 8 8 9] 91 9 9 CT1l
6. M'D DECIMAL 919191991919l 9 9 9 9 9 9 9 9 8 8 8 8 9 9 9 21 CT11
7. PR. RES. SHIFTED DCR AT 2219l91(9i9f9l9l9fl 9 9 9o 9 9 9 9 8 8 8 8 9 9 9 9 22 CT1l
8. M'D NUM. REG. 1 1 3 1 1 22 CT1l
8. M'D NUM. REG. olofololojofof o o O 2 O O O Oof 0o O Of O O O Of 22 CT1l
O, 7FRO CHECK 1 22 CT11l
30. SHIFT 10 1 10 CT10
31. ZERO CHECK 1 10 CT10




MULTIPLICATION PROCESS

Work Sheet

This work sheet shows the procedure the Computer follows in order to multiply two
numbers together, store the result and prove the answer. The procedure will be
the same in any Multiplication Problem where both the multiplier and multiplicand
are values other than zero. The only variations will occur in the numerical values
and decimal position.

The problem used éé an example has the following values:

Minidend V1 ~33.33 6/5 Decimal
Subvisor V2 33.88 4/3 Decimal
Result R 1/0 Decimal

CALCULATOR ZEROIZE
Plate 11C
Line 1
Calculator Zeroized - All Triggers are normalized including Accumulators,
Counters and Control Triggers. Storage is Zeroized.
MINIDEND REGISTRATION
Plate 13C
Line 2
Minidend Decimal Complement is registered in the Decimal Counter.
Line 3

Minidend Numerical Registration is made (cycle of RIG). The M'd value is
registered in the Accumulators.

MULTIPLICATION PROCESS CALL
Plate 22C
Line 4
Subvisor Decimal Complement is added in the Decimal Counter.
Line 5

The M-D Constant of 17 is added in the Decimal Counter.
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MULTIPLICATION PROCESS

Plate 23C

6

The Minidend is shifted until its first digit reaches Accumulator 1iM. All
shifts are counted in the Decimal Counter. Only the first 11 shifts are
counted in the M-D Counter.

7

First Subvisor Addition is made. The S'r Numerical Registration is made
(cycle of RIG) . A one is subtracted from the M¥d digit in 11M.

8 and 9
The Subvisor Additions continue until the digit in 1IM reaches zero.
10

Shift until a digit reaches 11M. This shift is counted in both the Decimal and
M-D Counter.

11, 12 and 13

The Subvisor is added until the digit in 1IM reaches zero.

14 to 21

Shifts occur until a digit reaches 11M. The S'r is added until 11M reaches
zero. This operation of shifts and S'r Additions will continue until the M~D
Counter reaches 22. Any number that reaches 11M after the M-D Counter reaches
22 must be a Result digit.

22

Shift until a digit reaches 11M. By this time the M-D Counter has reached

22 so the digit that arrives in 11M must be a Result digit. This is the
completion of Multiplication.,

23

B-2 Zeroize. The A Section and M-D Counter are Zeroized leaving a maximum of
11 Result digits.,

RESULT TO STORAGE

Plate 15C

24

The Storage Decimal is added in the Decimal Counter.
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25

The Result is shifted to align with the Storage Decimal. This alignment is
indicated by the Decimal Counter reaching 22.

26

Test RIG. A numerical registration {cycle of RIG) of Storage is made.
This value is zero.

217

Result to Storage. Any digits in Accumulators 1A to 10A will be set in
Storage.

28

B-2 Zeroize. Accumulators 1A-11A are Zeroized leaving the Result in Storage.

PROOF MINIDEND REGISTRATION
Plate 16C

29
Proof Minidend Decimal Complement is registered in the Decimal Counter.
30
Proof Minidend Numerical Registration is made (cycle of RIG). The Result
value is added in the A Section.

DIVISION PROCESS CALL

Plate 24C

31-9%
See Division Work Sheet for this operation from line 4-61 for theory of
operation.
MINIDEND SUBTRACTION
Plate 18C
97

Minidend Decimal is added in the Decimal Counter.
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98

Proof Result is shifted to align with the M'd Decimal. This alignment is
indicated by the Decimal Counter reaching 22. These shifts are also counted
in the Check Counter. '

99

Minidend Numerical Registration is made (cycle of RIG). The value in the
Accumulators is now zero in this problem. It is possible, in some problems,
for the Accumulators to have a value of nines.

ZERO CHECK

Plate 19C

100

A Shift Operation occurs to bring the count in the Check Counter to 10.
In this particular problem 3 shifts are required. The number of shifts will
vary from zero to ten depending upon the problem.

101
A Zero Check is now made in Accumulators 1A to 10A. In this particular

problem the Zero Check is successful. If the Zero Check is not successful,
because of nines, a one is added to 1A to create a Zero Check condition.
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M-SECTION

A-SECTION

. CALC. DEC.
PROCESS REF.POINT INPUT COUNTER
' IH10;8(8|7|615|4 |3 F{IH{I0|19|8(7|6|5/4|3|2||| DEC|{M-D |[CCT
| 11 -1 31 3,31 3
13 3] 3l 8l 8
, AL 16
1. CALC. ZERQIZED
2. M'D DEC, COMPL. 11
3. M'D NUM. REG. 3131313 11
4, S'R DEC COMPL, 3131313 20
H. CONSTANT 17 3131313 15
6. SHIFT 1st DIGIT IN 11M 3131313 8 11 CT11
7. 1st S'R ADD 2131313 3131818 8 11 CT11
8. 2nd S'R ADD 1131313 6 1717 16 8 11 CT11
. 3rd S'R ADD 0131313 110111614 8 11 CT11
0. SHIFT-DIGIT IN 11M 31313 1104215 ;4 9 12 CT11
11. 1st S'B ADD 21313 1101510218 9 12 CT11
2. 2nd S'R ADD - 11313 108141116 9 12 CT11
. 3rd S'R ADD 01313 1/111181]01{4 9 12 CcT11
4, SHIFT-DIGIT IN 11M 313 1111181014 10 13 CT11
15, 1st S'R ADD 213 11211141218 10 13 CT11
6. 2nd S'R ADD 1{3 1111214181116 10 13 CT1l
7. 3rd S'R ADD 013} 111121821014 10 13 CT11
18. SHIFT-DIGIT IN 11M 3 1/11218 121014 11 14 CT11
9, 1st S'R ADD 2 111 {21815 14 12 |8 11 14 | CT11
- pPO. 2nd S'R ADD 1 11112181818 |1 16 11 14 CT11
. 3rd S'R ADD 0 1121912121014 11 14 CT11
P2. SHIFT-DIGIT IN 11M 111121 912121014 2 22 CT11
3. B-2 ZEROIZE 1111291221014 2 0 Jil
4, STOR. DECIMAL 11112191]1212101]4 18 0
D5. RES. SHIFT DCR AT 22 2121014 1114219 22
. TEST RIG 2121014 11111219 22
P7. RES. TO STOR. 2121014 L1219 22
8. B-2 ZEROIZE 2121014 0JOojofofofoflo]olofo]0O 22
D9, PR. M'D DEC. COMPL. 2121014 ' 6
30. PR. M'D NUM. REG. 21 210[4 1]1]2]9 ¢
31. PR. S'R DECIMAL 21 2101 4 111219 19
32, CONSTANT 17 21 21 0] 4 11311219 14




¥8-0

CALC. DEC.
PROCESS REF.POINT INPUT COUNTER
10198 (7615|413 |2]1 |lI1{l0|]9|817|6|5|4|3|2!/I| DEC|{M-D |CCT

M INIDE ' 11 - 3] 3

flll l‘l[-, 13 3l 3l gl 8

. R A DECIMAL 16

33, SHTFT DIGIT IN 11M 1111219121230 14 10 12
34, 1st PR. S'R TRIAL SUB'T. 111l21912121014 21 91 9 9 Al 6] 1] 2 10 12
5. PR, S'R ADD BACK 1(1i21912:21014 10 12
6. SHIFT 1 POSITION. 1121212121014 1 11 12
7., 1st PR, S'R TRIAL SUBT, 1121912121014 21 91 9 9 6l 61 1] 2] 1] 11 12
38. PR. S'R ADD BACK 1121912121014 1] 11 12
39. SHIFT 1 POSITION 21912121014 1] 1] 12 12
40. 1st PR, S'R TRIAL SUB'T 21912121014 21 91 9 9 61 61 11 3] 1| 12 12
1. PR, S'R ADD BACK 21912121014 1] 1] 12 12
2. SHIFT 1 POSITION 912121014 1] 1] 2] 13 12
13, 1st PR. S'R TRIAL SUBT, 912121014 21 91 9 9 6l 61 21 31 21 13 1?2
4. PR, S'R ADD BACK 912121014 1] 1] 2| 13 12
45, SHIFT 1 POSITION 2121014 ~ 1 1] 2] 9] 14 12
6. 1st PR. S'R TRIAL SUB'T. 2121014 21 91 9 9 61 71 21 4 9 14 12
47, PR. S'R ADD BACK 2121014 1l 11 21 9] 14 12
8. SHIFT 1 POSITION 21014 11 11 2] 9] » 15 19
19. 1st PR. S'R TRIAL SUB'T, 2104 21 9] 9 9 70 70 4] 1] 2] 15 12
0. PR, S'R ADD BACK 21014 1 1) 21 91 21 15 12
1. SHIFT 1 POSITION 014 2191 21 21 16 12
2. 1st PR, S'R TRIAL SUB'T 014 1 71 91 Of 4 2 16 12
3. 2nd PR. S'R TRIAL SUB'T. 014 2 4] 51 1] 6] 21 16 12
4, 3rd PR, S'R TRIAL SUB'T 014 3 1 1 21 8 21 16 12
55. 4th PR, S'R TRIAL SUB'T 0l 4 5.9 9 9 70 71 4] 0 21 16 12
F6. PR. S'R ADD BACK 014 3 11 8 21 16 12
7. SHIFT 1 POSITION 4 3 1] 2| 8] 21 O 17 13
8, 1st PR, S'R TRIAL SUB'T 4 3 ] 70 8 9 4] O 17 13
9. 2nd PR, S'R TRIAL SUB'T 4 A 2 4 5] 0f 6] O 17 13
0. 3rd PR, S'R TRIAL SUB'T 4 3 3 1 1 11 8 O 17 13
51, 4th PR. S'R TRIAL SUB'T 4 3l 51 9 9 9 7.7 3 0 Oof 17 13
2. PR, S'R ADD BACK 4 3l 3 1 1 1 8 0O 17 13
£3. SHIFT 1 POSITION 3 3 1 1f 8 0O 4] 18 14
K4. 1st PR, S'R TRIAL SUB'T 3 1L 1 719 4 18 14




68-0

CALC. DEC.
PROCESS REF.POINT INPUT COUNTER
I1{10|9(8|7|6|5(4|3|2|! [I1]|l0|9|8|7|6|5/4(3|2|1| DEC|M-D |CCT
IDEND 1 _1 3 3] 3] 3
BV 1 pe

S ( DECIMAL 16

5. 2nd PR. S'R TRIAL SUB'T. 31 312 41 41 0l 41 4 18 14
6. 3rd PR. S'R TRIAL SUR'T 3] 3] 3 11 011l 61 4] 18 14
67. 4th PR S'R TRIAL SUB'T 31 31 51 9191 919191 9] 7161 2| 8] 4 18 14
68. PR S'R ADD BACK 3] 31 3 110111614 18 14
69. SHIFT 1 POSITION 3] 3] 3 11 0111 6] 4 19 15
70. 1st PR S'R TRIAL SUB'T 3] 3] 3] 1 61 71716 19 15
71. 2nd PR S'R TRIAL SUB'T 3] 3] 3] 2 31 31818 19 15
72. 3rd PR S'R TRIAL SUB'T 3] 3] 3] 3 0101010 19 15
73. 4th PR S'R TRIAL SUB'T 31 31 3151 9191919191 9]l6]l6] 1] 2 19 15
74. PR S'R ADD BACK 3] 3] 31 3 19 15
75. SHIFT 1 POSITION 3] 3] 31 3 20 16
76. 1st PR S'R TRIAL SUB'T 31 31 3] 3] 21 919199l 9l9alglealllo 20 16
77. PR S'R ADD BACK 31 31 313 20 16
8. SHIFT 1 POSITION 31 31 31 3 21 17
79. TRIAL SUB'T 3/ 3] 31 3 2191919191 9l9]leal6al1]2? 21 17
80. ADD BACK 31 31 31 3 21 17
81. SHIFT 31 31 31 3 22 18
82. TRIAL SUB'T 3] 31 3] 3 2191919191 9|1916l6]11]2 22 18
83. ADD BACK 31 31 31 3 22 18
84. SHIFT 31 31 31 3 1 19
85, TRIAL SUB'T 31 31 31 3 21 9191 91919l 916lal1l2 1 19
86. ADD BACK 31 31 313 1 19
87. SHIFT 3] 31 31 3 2 20
88. TRIAL SUB'T 3/ 3] 3/ 3 21 91919191919l eglal1l>? 2 20
89. ADD BACK 3 31 31 3 2 20
90. SHIFT 3] 31 31 3 3 21
91. TRIAL SUB'T 31 31 313 219191919191 9l6l6l1]2? 3 21
92. ADD BACK 3] 3] 3! 3 3 21
93. SHIFT 1 POSITION 3] 3f 3] 3 4 22
94. TRIAL SUB'T 3] 3f 3] 3 219191919191 9]l6l6]1]2 4 22
95. ADD BACK 31 3] 3 3 4 22
6. B-2 ZEROIZE 31 31 31 3 4 0




M-SECTION

A-SECTION

. CALC. DEC. |
PROCESS _REF.POINT INPUT  COUNTER
] ijio|eis|7|e|s]4|3l2]1|iijiolole|7|6|5]a|a]2]i|pEC|M-D [coT
1 - 3 31 31 3
. i 31 31 8 8
—SYORAGE DECIMAL 1
97, M'D DECIMAL 3i 3 3 15
' 98, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>